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1.0 REGISTRATION STATUS 
 

This section describes the historic and current Federal labels and use directions. It also 
summarizes application rates, weeds controlled, and reports on typical practices 
undertaken by licensed Washington applicators. The final section describes research 
underway, including rate and application technology and proposed new labeling.   

 
1.1 COPPER AS AN AQUATIC HERBICIDE 
 
1.1.1 Registration Requirements 
 

In order to register a pesticide with the EPA for use in the United States, the active 
ingredient and its formulations must be tested for mammalian toxicity, physical 
chemistry, environmental fate, effects on ground water, and eco-tox effects. Work must 
also be done to demonstrate the expected magnitude of residue on edible products and 
residues in water.  After this data is generated, it is submitted to various branches of EPA 
for review.  If EPA finds that the product does not pose significant risk to man, livestock, 
or wildlife and has a favorable environmental persistence and degradation profile, a 
registration will be granted.  With that registration, the manufacturer has permission to 
sell the product in the United States.  However, each state may have its own separate 
registration process which may be more stringent than the EPA’s registration process.  
 
Washington State’s registration procedure follows the EPA registration: It requires that 
the applicant submit a copy of the EPA approved label and a copy of the confidential 
statement of formula.  The Washington State Department of Agriculture reviews these 
submittals for compliance with state and Federal requirements.  If these requirements are 
filled, the product will be registered by the state unless it presents an unusual hazard to 
the environment. 
 
Studies conducted for submission to EPA since 1987 must be conducted on compliance 
with Good Laboratory Practice (GLP) regulations as specified in 40 CFR (Code of 
Federal Regulations) Part 160.  These regulations were designed to improve the quality of 
records keeping and prevent fraud.  They specify what records must be kept and how 
long they must be kept.  They also specify how long analytical standards must be kept, 
how often they must be re-characterized and storage conditions.  Furthermore they 
provide guidelines on how to determine the length of time that organic and inorganic 
reagents, solvents and biological samples can be kept, and under what conditions they 
should be stored. Also, GLPs provide guidance on how the integrity of the biological 
samples can be determined.  For practical purposes, GLPs insures the integrity of the 
data. They allow for the reconstruction and interpretation of data within the study.  
 
The Washington State Department of Agriculture has approved copper II products under 
a number of different labels, but only seven of these products are in wide spread use by 
aquatic weed control cooperators in this state.  Copper sulfate pentahydrate crystals 
(Triangle® Brand) is the main copper sulfate product used in the State of Washington.  
However, it is not used extensively because of its high toxicity to fish relative to the 
chelated copper products. Sunda and Guillard (1976, in Borgmann and Ralph, 1984) have 
found that metal complexes and organic ligands are generally non-toxic; this means that 
these materials are much less toxic than free copper II cation. However, the work done by 
these authors was not done with current commercial copper chelates.  
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The main chelated copper products used include the following: Captain™ Algaecide, 
which is a copper carbonate product derived from copper triethanolamine and copper 
monoethanolamine, Captain™ is distributed by SEPRO for the control of various species 
of algae.  Nautique™ Aquatic Herbicide, a copper carbonate product derived from copper 
ethylediamine and copper triethanolamine, is distributed by SEPRO for the control of 
various species of aquatic macrophytes.  Cutrine® Plus Algaecide/Herbicide, a copper II 
product derived from mixed copper triethanolamine and copper monoethanolamine, is 
distributed by Applied Biochemists for the control of various species of algae and 
Hydrilla verticillata (a rooted macrophyte).  Cutrine®-plus Granular, a copper II product 
derived form copper triethanolamine and copper monoethanolamine, is distributed by 
Applied Biochemists for the control of certain species of anchored algae including Chara 
spp., Nitella spp. and bottom growth of filamentous algae.  K-Tea™ Algaecide, a copper 
II product derived from copper-triethanolamine complex and copper hydroxide, 
distributed by Griffin for the control of various species of blue-green algae, green algae, 
diatoms and protozoa (flagellates). Komeen® Aquatic Herbicide, a copper II product 
derived from copper ethylenediamine and copper sulfate pentahydrate, distributed by 
Griffin for the control of various species of aquatic macrophytes. 
 
Other copper products which have been proposed for use to control aquatic vegetation in 
the State of Washington include the following: Clearigate®, which is a copper II product 
derived from copper monoethanolamine and copper triethanolamine, is distributed by 
Applied Biochemists for the control of various species of algae and aquatic macrophytes.  
Earthtec® Algicide/Bacteriacide, a mixture of copper sulfate pentahydrate and 
Nordhausen® acid, is distributed Earth Science Laboratories for the control of algae, 
bacteria and pondweeds. 
 
The use of chelated copper-complexes is usually preferred over copper sulfate products 
since copper-complexes are generally perceived to be safe to fish [LC50 of copper-
ethylenediamine complexes = 0.8 to 4 ppm copper for rainbow trout to 24 to 480 ppm 
copper for bluegill sunfish (Myers & Stoner, 1974 in Finlayson, 1980 and Beste, 1983)].  
The LC50 of copper-triethanolamine complexes = 6 ppm copper for bluegill sunfish 
(Beste, 1983). Copper sulfate products are generally considered to be fairly toxic to fish 
and aquatic invertebrates [LC50 = 0.034 to 0.135 ppm copper for rainbow trout and 0.221 
to 7.3 ppm copper for bluegill sunfish (Johnson and Finley, 1980; Ecology, 1992; 
Gangstad, 1986 and Beste, 1983)]. 
 
Copper initially received Federal registration for control of submersed and floating 
aquatic weeds in 1950 and was the only aquatic herbicide in wide use until the early 
1960s when diquat, endothall and Silvex® were introduced for the control of aquatic 
weeds (Gallagher & Haller, 1990).  Even when these more recent herbicides were 
introduced, copper continued to be used extensively due to its broad-spectrum algaecidal 
activity and low toxicity to man, livestock and crop plants.  Because there are very few 
water use restrictions after the use of copper for the control of algae and aquatic 
macrophytes, copper products, including copper sulfate, have historically been some of 
the most widely used algaecides with over nine million kilograms of copper sulfate 
applied annually in the United States (Fizgerald, 1971 in Hanson and Stefan, 1984).  Due 
to the effects of the accumulation of elemental copper in lake sediments, Ecology has 
been avoiding the use of copper on a yearly basis and has switched application to an as- 
needed basis to control blue-green algae when it poses a health threat. In addition to 
controlling algal species, copper sulfate pentahydrate controls pondweeds (sago 
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pondweed and leafy pondweed). Many of the chelated copper-complexes (Nautique™, 
and Komeen®) are specifically labeled for the control of a variety aquatic macrophytes 
including American pondweed (Potamogeton nodosus), coontail (Ceratophyllum 
demersum), Brazilian elodea (Egeria densa), American waterweed (Elodea canadensis), 
Eurasian watermilfoil (Myriophyllum spicatum), Hydrilla (Hydrilla verticillata), sago 
pondweed (Potamogeton pectinatus) and widegeon grass (Ruppia maritima). Other 
chelated copper-complexes (Captain™ and K-Tea™) are specifically labeled for the 
control of algal species including planktonic and filamentous (mat forming and 
periphytic) types as well as macroalgaes like Chara spp.and Nitella spp.  Please see Table 
2 for a complete list of algae and macrophytes controlled by copper sulfate pentahydrate 
(Triangle® brand), Earthtec®, K-Tea™, Cutrine®-Plus, Cutrine®-Plus Granular, 
Captain™, Clearigate®, Komeen® and Nautique™. Very few aquatic herbicides have the 
broad spectrum of activity that is typically found in the labels for chelated copper-
complexes.  

 
1.1.2  1992 Environmental Impact Statement and Effects of State Senate Bill 5424   
 

In the State of Washington, all applications of aquatic herbicides and algaecides are 
performed under a state permit system. Ecology manages this system and uses a 1992 
Environmental Impact Statement (EIS) for diquat, copper compounds, glyphosate, 
endothall and fluridone as well as manual, mechanical and biocontrol methods as its basis 
for writing permits for aquatic weed and algae control in this state (Ecology, 1992). 
Copper Sulfate Pentahydrate Crystals (Triangle® Brand, 99% a.i. 25% copper), K-Tea™ 
Algaecide (8% copper), Cutrine®-Plus Algaecide/Herbicide (9% copper) and Cutrine®-
Plus Granular Aquatic Herbicide (3.7% copper), Captain™, Liquid Algaecide (15.9% 
copper), Komeen® Aquatic Herbicide (8% copper) and Nautique™ Aquatic Herbicide 
(15.9% copper), are registered by EPA for national use and are currently registered by the 
Washington Department of Agriculture for use to control aquatic algae and/or weeds. 
However, while Clearigate® (3.825% copper) and the Earthtec® (5% copper) products 
have a Federal label, they have only been proposed for use in Washington State. The 
State permitting system is a result of six agencies working together to develop a statewide 
integrated pest management system for aquatic plants and noxious emergent vegetation.  
The goal of this system is to ensure that the most effective and least environmentally 
damaging management alternatives will be used.  
 
Ecology is responsible for issuing short-term modifications (STMs) to the water quality 
standards.  These are required for management activities such as use of pesticides, 
mechanical or other control methods that might cause excess turbidity or violate other 
provisions of the water quality standards.  Ecology is also responsible for ensuring 
consistency of proposals with rules and regulations designed to protect groundwater, 
shorelands, wetlands, air quality, and other elements of the environment. 
 
In 1999, the Washington State Legislature passed legislation (ESBB 5424) requiring an 
update to the 1992 EIS.  Although most of the research on copper products was 
conducted before 1992, we have improved our understanding on how the aquatic 
toxicology data should be interpreted. As such, the most current understanding of the 
available data for these materials has not been considered or used in the issuance of 
permits to perform aquatic weed and algae control in Washington State (Resource 
Management, Inc., 1999). 
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Copper sulfate was registered in the mid-1950s for use in controlling a wide variety of 
algae and was used as an algaecide, replacing the generally more toxic and less 
acceptable sodium arsenite, for the control of aquatic pests (Gallagher and Haller, 1990). 
At that time no other aquatic algaecides with equivalent safety to humans, domestic 
animals and food crops were registered for the control of a broad spectrum of algae and 
aquatic weeds.  Phelps-Dodge is currently the primary manufacturer and distributor of 
copper sulfate pentahydrate used to control nusiance algae blooms in the State of 
Washington.  Copper sulfate pentahydrate is used primarily to control a wide variety of 
planktonic and filamentous green and blue-green algae, diatoms, protozan flagellates and 
a few species of aquatic macrophytes including sago pondweed and leafy pondweed.  
Copper sulfate pentahydrate uses the active ingredient cupric ion.  Cupric ion is toxic to 
fish and aquatic invertebrates.  The toxicity of cupric ion to fish ranges from 0.015 to 
0.032 ppm copper in Coho salmon to 0.877 ppm copper in green sunfish (Buhl and 
Hamilton, 1990 in Serdar, 1995 and Johnson and Finley, 1980).  The toxicity of cupric 
ion to aquatic invertebrates varies greatly but the more sensitive species have LC50s that 
vary from 0.001 ppm for a 7-day exposure to treated water with Ceriodaphnia dubia to 
0.657 ppm for a 7-day exposure to treated water with Chironomus tentans.  It is 
important to note that these species are also very susceptible to brief exposures (48 to 96 
hours) of cupric ion where the LC50 was 0.001 to 0.003 ppm copper for C. dubia and 
0.529 to 0.630 ppm for Chironomus tentans, respectively.  In whole sediment studies, 
these species are much less susceptible to the effects of free cupric ion: e.g., LC50 for 
Ceriodaphnia dubia varies from 129 ppm at 48 hours to ~30 ppm copper at 4 to 10 days 
while the LC50 for Chironomus tentans varies from 4,500 ppm copper at 48 hour to 
1,000 to 1,900 ppm copper at 4 to 10 days (Sudel et al, 1996).   

In addition to the variation between organisms, the toxicity of cupric cation can vary 
dramatically based on the physical and chemical characteristics of the water such as 
temperature, hardness, turbidity and carbon dioxide content.  These data indicate that the 
acceptable level of copper in water involving a fishery is very low, and each system 
should be considered based on experience with it.  For typical weed control in canals and 
reservoirs where algae needs to be continuously controlled, the concentration of copper 
sulfate would be maintained at 0.005 ppm to 0.02 ppm copper. While the lower dosages 
should provide a risk quotient that is not significantly above the level of concern for our 
most sensitive species of fish (RQ = 0.005 ppm/0.038 = 0.006 for green sunfish to 0.005 
ppm/0.038 ppm = 0.13 for rainbow trout), the higher concentrations would provide a risk 
quotient that is significantly above the level of concern (0.02 ppm/0.038 ppm = 0.53).  
However, if copper sulfate is treated as a restricted use compound (RQ = 0.1 to 0.5), it 
can probably be used safely in fisheries situations.  Nevertheless, aquatic invertebrates 
that occupy the water column are so sensitive to copper sulfate that it presents a high 
acute risk to these organisms (RQ = 0.005 ppm/0.003 ppm = 1.2 for Ceriodaphnia dubia 
(Gangstad, 1986 and Suedel et al, 1996).  

However, real treatment cases with copper sulfate in northwest lakes leads to copper 
concentrations that are even higher than the concentration expected for continuous 
control measures with copper sulfate.  For example, the concentration of copper in the 
water column in Lake Sylvia was >0.04 ppm for at least 4 days after treatment at target 
concentrations of 0.5 ppm.  This expected environmental concentration (EEC) is high 
enough to cause significant fish and invertebrate mortality (>50%) in the water column of 
treated lakes since the risk quotient >1.0.  Concentrations in northwest lake sediments 
have also been found to be extremely high; in Lake Sylvia, copper has been found in 
sediment at concentrations up to 258 ppm and in Lake Steilacoom copper has been found 
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in sediment at concentrations up to 1,100 ppm (Serdar, 1995 and Serdar, 1997).  
Although these sediment concentrations may be biologically unavailable according to 
Huggett et al (1999), it is unclear how changes in lake chemistry would effect the 
availability of this bound copper (Kadlec and Serdar, 1998).  For example, changes in the 
pH, water hardness, alkalinty or redox potential along with any fall turnovers that may 
occur could release sediment-bound copper to the pore water or overlying water making 
it biologically available to the resident biota.  

Although Gangstad (1986) reported that copper sulfate used at levels as high as 0.02 ppm 
should be chronically safe to brook trout and fathead minnows, the absolute MATCs 
relative to the EEC, indicate this may not be so. E.g., the maximum acceptable toxicant 
concentrations (MATC) for these species ranged between 0.011 and 0.018 ppm copper.  
Since the chronic risk quotient is higher than the level of concern (>1.0 = RQ = 0.02 
ppm/0.011 ppm = 1.8) in the more sensitive tests, we must rely on field data to confirm 
or deny Gangstad’s contentions. Continuous treatment of canals at a concentration of 0.2 
ppm in Loveland, Colorado to control algae and pondweed indicate that this use did not 
appear to adversely impact yellow perch, minnows, carp, trout, crayfish, mayflies or 
midges.   

Complexed copper products like Komeen®, K-Tea™, Cutrine®-Plus, Captain™ and 
Nautique™ have a reputation for safety to fish that is more convincing than that for 
copper sulfate pentahydrate products (Beste, 1983).  For example, Komeen® (copper 
ethylenediamine plus copper sulfate pentahydrate) has been reported to have no adverse 
effects on largemouth bass in reservoirs treated in combination with diquat at 
concentrations of 0.3 ppm copper and 0.3 ppm diquat c.e. (Bain and Boltz, 1992). The 
48-hour LC50 of Komeen® ranges from 0.48 to 4.0 ppm copper for rainbow trout to 46 
to 480 ppm copper in bluegill sunfish (Beste, 1983; Myers and Stoner, 1974 in Finlayson, 
1980).  Captain™, which also contains copper ethylenediamine, is believed to be similar 
in toxicity to fish, but it also contains a certain portion of copper triethanolamine.  
Therefore, exact toxicity of Captain™ is less well defined.  

Copper triethanolamines like K-Tea™, and mixed copper ethanolamines like Cutrine®-
Plus and Nautique™ are labeled for use in fish ponds and appear to be safe to fish if the 
hardness and alkalinity of the water is above 50 ppm CaCO3.  For example, K-Tea™ has 
an LC50 to bluegill sunfish of 6 ppm copper (Beste, 1983) which is above the typical use 
rate of 0.4 to 1.0 ppm copper.  It is therefore, likely that mixed copper ethanolamines can 
be used safely to control algae in hard water but not in softwater when bluegill sunfish 
are present; e.g., 96-hour LC50 is 7.5 ppm copper in hardwater (200 ppm CaCO3) for 
bluegill sunfish but the 96-hour LC50 is 1.2 ppm in softwater (48 ppm CaCO3).  The 
lower application rates for mixed copper ethanolamine products will probably be safe for 
the control of algae in hard water but probably not in soft water when trout are present; 
e.g., 96-hour LC50 is 4.0 ppm copper in hardwater (290 ppm CaCO3) for rainbow trout 
but the 96-hour LC50 is <0.2 ppm copper in softwater [(44 ppm CaCO3) Cutrine®-Plus 
Fact Sheet, No Date)].  

Due to its high toxicity to fish, the other major group of copper-complexes (primarily 
copper ethanolamine in Clearigate®) is not recommended for use in fish-containing water 
bodies (Kannenberg, 2000 personal communications).  Captain™, which primarily 
contains copper triethanolamine, also contains a portion of ethanolamine, which would 
make it somewhat more toxic than products containing only or primarily triethanolamine 
as the active ingredient.  Therefore, the exact toxicity of Nautique™ is less well defined. 
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Sources of information on the environmental effects of copper including formal reports to 
the EPA by the registrant (Griffin), peer-reviewed literature, and various EPA databases 
(Brian, 1999 and ECOTOX, 1999) were reviewed in order to prepare this risk 
assessment. The documents used by the registrant to support registration were those 
documents submitted to EPA in the course of the registration and re-registration process 
of copper II products.  Since most of this work was conducted prior to 1982, few of these 
studies were conducted according to the EPA’s current pesticide assessment guidelines or 
under Good Laboratory Practice Regulations (40 CFR 160). The bulk of the reviewed 
literature was completed more than 20 years ago.  However, this literature is supported by 
the more recent unpublished literature submitted to EPA as part of the registration effort. 
A large portion of the toxicity data was collected from EPA’s Brian database or the 
EPA’s ECOTOX database, which are compilations of ecotoxicology data currently in use 
at EPA to generate and support ecological risk assessments.  Information collected on 
work done before 1989 was collected from general review articles on the toxicity and 
environmental fate of copper such as Ecology (1992). Where possible, the toxicity values 
reported in the review articles were verified in the originally cited article.  
 

1.1.3 Risk Assessment  (For a more detailed analysis see Section 4.1.10.2.5) 
 
Herbicides used for aquatic weed control fall into one or more general categories: 1) 
Contact herbicides are chemicals that control weeds by direct contact with the foliage and 
destroy only those portions of the plant (generally the roots survive and plants regrow). 2) 
Systemic herbicides are applied to the foliage and/or stems of the plant and translocated 
to the roots or other portions of the plant, eventually resulting in the death of the entire 
plant.  3) Broad-spectrum herbicides kill most, if not all plants, if the dosage is 
appropriate.  4) Broadleaf herbicides generally kill dicot plants with broad leaves but 
there are exceptions; some broadleaf herbicides can kill monocots with broad leaf 
morphology and certain “narrowleaf” dicots are not harmed at concentrations that 
typically kill broadleaf plants. 5) Submerged (submersed), emerged (emersed) or floating 
indicates the way the plant typically grows. i.e., below the water line (submerged), from 
below the water line to above the waterline (emerged) and on the surface of the water and 
often un-rooted (floating).  Pre-emergent and post-emergent weed control refers to 
whether control measures are taken prior to or after germination or first growth of the 
plant.   
 
Copper sulfate pentahydrate and the complexed copper chelates are algaecides and post-
emergent contact herbicides used primarily to control various algal species, but also used 
to control submerged weeds and some floating and emergent weed species as well.  The 
mode of action for copper is inhibition of photosynthesis. Copper sulfate pentahydrate 
and the complexed copper chelates are used primarily to control algae, but some of the 
products are also labeled for control of various species of aquatic macrophytes can 
include hydrilla, Brazilian elodea, naiads, coontail, American waterweed. Water-lettuce, 
waterhyacinth as well as Eurasian watermilfoil, Sago pondweed and American pondweed 
under conditions where water hardness and alkalinity does not exceed 50 ppm CaCO3 are 
controlled by various copper II products.  The labeled uses vary considerably from 
product to product.  

 
The Risk Assessment in Section 4 indicates that copper sulfate has a potential to cause 
adverse environmental impact.  These effects can include acute toxicity in fish where 
both laboratory risk assessment and field studies have shown fish-kills due to oxygen 
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depletion, copper toxicity or combined primary and secondary effects from copper 
toxicity and oxygen depletion.  Other adverse impacts from the use of copper sulfate 
indicate that phosphorous recyclying from the lake bed can be accelerated, copper 
accumulation in the sediments, development of tolerance to treatment with copper sulfate 
pentahydrate in some species of algae, shifts in dominant species of algae from green 
algae to blue-green, shifts in the dominant species of fish from game fish to rough fish, 
disappearance of non-target macrophytes and reduction in the number and diversity of 
benthic macro-invertebrates (Hanson and Stefan, 1984).  
 
The 96-hour LC50 for all verified studies on fish is low for copper sulfate pentahydrate 
(0.015 to 0.038 ppm copper for salmonids and 0.221 to 0.877 ppm copper for sunfish).  
These toxicity levels place copper sulfate pentahydrate in the EPA Ecotoxicological 
Categories of very highly toxic (LC50 = <0.1 ppm) to highly toxic (LC50 = 0.1 to 1.0 
ppm).  Furthermore, the Risk Quotient for the most sensitive species of fish is above the 
acute level of concern for protection of the biota when using typical Lake Sylvia 
(Washington) data for the EEC (0.04 ppm/0.038 ppm = 1.1 to 0.04 ppm/0.015 ppm =2.7.  
It is noteworthy that the use rate at Lake Sylvia is 0.5 ppm in the treatment area which is 
reduced to 0.062 ppm copper based on the volume of the entire lake.  Field data indicates 
that continuous exposure to copper sulfate pentahydrate at 0.02 to 0.2 ppm copper left 
yellow perch, minnows, carp or trout in good condition at the end of the treatment season 
in irrigation canals located at Farmers Ditch [(Loveland, Colorado (Gangstad, 1986)].  
However, treatment with copper sulfate at concentrations supported by the label can 
result in major fish-kills (Hanson and Stephan, 1984). Seven major fish-kills were noted 
in the Fairmont Lakes (Minnesota) due to the use of copper sulfate, which included a 
large number of sheepshead minnow in Hall Lake in 1966, 300 to 400 assorted fish and 
66 eyed pike and many northern pike in Halls Lake in 1969. Many game fish were killed 
(20 % walleye pike and 33% northern pike along with a few bullhead catfish) in Hall 
Lake in 1969, 194 walleye pike and 24 bullhead catfish in Hall Lake in 1970, 60 walleye 
in 1971 and 200 walleye pike in Budd Lake. It is unclear if these mortalities were due to 
the direct effects of copper sulfate or the reduction of dissolved oxygen or the clogging of 
the gills with dead organisms, but it was reported that in some cases 80% of the restocked 
fish in the Fairmont Lakes were destroyed by copper sulfate treatment.  Furthermore, it 
was also reported that copper sulfate treatments induced the production of mucous on the 
gills and that this caused the 1969 fish-kill in Hall Lake.  
 
The presence of sediment mitigates the toxicity of copper sulfate.  Copper sulfate is not 
highly toxic to aquatic invertebrates in the presence of sediment.  The 10-day LC50 of 
copper in sediment range from as low as ~30 ppm on C. dubia in sediment taken from a 
creek located downstream from a copper smelting operation to over 2,010 ppm copper on 
Hyallela azteca and Chironomus tentans in sediment taken from Lake Steilacoom 
(Washington).  The copper entrained in the sediment (an average of 358 ppm) is believed 
to exert virtually no toxic effects in these sediments because it is “bound” to volatile 
sulfides and organic matter in the sediment (Hugget et al, 1995).  However, it is not 
clearly understood  how this “bound”copper could become biologically available again 
and it is clear that at some specific concentration the sediment will become saturated and 
soluble copper will again become available in the interstitial water, overlying water and 
the water column.  This could occur under conditions where there is a significant drop in 
pH, a significant drop in water hardness or alkalinity, or a significant increase in the 
amount of oxidation the sediment experiences due to the fall turnover or other 
disturbance of the sediment.  Field studies in Minnesota’s Fairmont Lakes indicate that 
copper sulfate can eliminate benthic organisms from the biota if the copper concentration 
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is high enough.  This is not surprising, considering that the areas where benthic 
organisms had been eliminated had sediment copper concentrations of 5,600 ppm.  
Benthic organisms returned to fairly high levels (1,145 to 6,128 animals/meter2) after 
dredging and cessation of copper treatments for 2 to 9 years.  The benthic populations 
seen after this remediation are similar to those seen in lakes that had never been treated 
(Hanson and Stefan, 1984). 
 
As previously discussed, Gangstad (1986) found that chronic exposure to copper sulfate 
pentahydrate at concentrations up to 0.01 to 0.02 ppm should not affect the survival 
growth and reproduction of brook trout, fathead minnow or early life stage rainbow trout.  
However, these environmental concentrations appear to be at or slightly above the level 
of concern with risk quotients slightly greater than unity; the MATC for brook trout, and 
fathead minnow ranged from 0.0095 ppm to 0.0174 ppm, 0.0106 to 0.0184 ppm copper, 
respectively.  Concentrations of copper sulfate pentahydrate of 0.020 ppm copper 
increase mortality and decreased growth in rainbow trout fry. These data indicate that 
there may be very little margin of safety for the long-term exposure to copper sulfate 
pentahydrate.  However, continuous exposure in the field at concentrations up to 0.2 ppm 
have not affected yellow perch, minnow, carp and trout as well as crayfish, mayfly and 
midge larvae condition in irrigation canal exposure scenarios. 
 
The complexed coppers appear to be safer to fish than copper sulfate.  For example, 
Komeen®, K-Tea™, Cutrine®-Plus, Cutrine®-Plus Granular, Captain™ and Nautique™ 
are registered for use in fish ponds and fish hatcheries at maximum use rate of 1.0 ppm 
copper.  However, even products known to have potential adverse impact on fish like 
copper sulfate pentahydrate and Clearigate® are registered for use in fish ponds and fish 
hatcheries.  To reduce the adverse impact to fish, it is recommended that copper 
triethanolamine and mixed copper ethanolamine products (K-Tea™ and Cutrine®-Plus) 
be applied in water with a hardness and alkalinity in excess of 50 ppm CaCO3 (Beste, 
1983). The toxicity of these products has been discussed previously and the LC50 for 
copper triethanolamine (K-Tea™, and Cutrine® Plus) is ~6 ppm for bluegill sunfish and 
the LC50 for copper ethylenediamine (Komeen®) ranges from 0.48 to 4.0 ppm for 
rainbow trout and 48 to 480 ppm for bluegill sunfish. These LC50 values place the 
copper-complexes in the EPA Ecotoxicological Categories of moderately toxic (LC50 = 
>1 to 10 ppm) for copper triethanolamine and highly toxic to (LC50 = 0.1 to 1 ppm) to 
practically nontoxic (LC50 = > 100 ppm) for ehylenediamine.  In both cases, the 
expected maximum field use rate of 0.2 to 1.0 ppm for copper triethanolamine and 0.5 to 
1.0 ppm copper for copper ethylenediame is somewhat less than typical LC50s for most 
fish. However, the labels warn that more sensitive species may be adversely impacted at 
recommended dosages particularly in softwater (<50 ppm CaCO3). 
 
For fish, the results of acute risk assessments with Komeen® have been confirmed by 
field studies (Bain and Boltz, 1992). Application of Komeen® and diquat at 
concentrations of 0.3 ppm copper plus 0.3 ppm diquat cation had no adverse impact on 
largemouth bass in terms of survival, length, condition, number caught, and movement 
within treatment area.  Treatment with Cutrine® (copper ethanolamine at 2.2 ppm) and 
diquat (3.0 ppm) at concentrations that are somewhat higher than current use rates 
resulted in nearly 100% mortality of fish after 1 day of exposure.  This high level of 
mortality may be due to a combination of factors including direct combined toxicity of 
the herbicides used and extremely low dissolved oxygen concentrations occurring due to 
rapid death and decay of the treated plants.  It is noteworthy that treatments with 
Cutrine® alone at 2.2 ppm copper, a combination of Cutrine® at 2.2 ppm copper and 
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Aquathol® K at 3.0 ppm and a combination of Cutrine® at 2.2 ppm copper, diquat at 1.5 
ppm and Aquathol® K at 1.5 ppm did not produce any fish-kill in the treated plots 
(Daniel, 1972).  
 
Lorz and McPherson (1976), found that the acute toxicity of copper chloride (cupric ion) 
to salmon is low (LC50 = 0.060 to 0.074 ppm copper).  However, exposure of Coho 
salmon yearlings to concentrations of copper chloride as low as 0.005 to 0.030 ppm 
copper for 6 days decreased Na+/K+ ATPase activity in fresh water by as much as 75%.  
These concentrations also increased mortality in a seawater challenge test with 6% 
mortality after exposure to 0.005 ppm and 94% to 100% mortality after exposure to 0.030 
ppm.  The decreased ATP-ase activity was believed to be one of the factors leading to 
loss of osmoregulatory ability and subsequent death in seawater.  Exposure of Coho 
salmon smolts to concentrations as low as 0.005 ppm reduced their appetite and 
decreased the downstream migration significantly.  Exposure to 0.005 ppm for protracted 
periods (165 days) decreases downstream migration by about 20% and exposure to 0.030 
ppm decreases downstream migration by ~80%.  Both exposure time and exposure 
concentration affected ATP-ase activity, mortality in the seawater challenge test and 
downstream migration. Chinook salmon, Sockeye salmon and steelhead trout challenged 
by toxic metals apparently exhibit similar degrees of hypernatremia in smolts that are 
fully functional. Since the effects copper has on smolting salmon appears to be certain, 
permits may be written to prohibit use of copper II products when smolts are present or in 
areas where salmon spawn.  Additional work on the recovery of the smolts’ ability to 
withstand saltwater challenges after copper exposure needs to be conducted.  
 
Many species of aquatic invertebrates are affected by copper sulfate pentahydrate applied 
at the maximum use rate to the Fairmont Lakes in Minnesota (Hanson, and Stefan, 1984) 
or to Lake Steilacoom in Washington (Bennett and Cubbage, 1992).  At both sites, 
copper-contaminated sediments were tested on several species.  Lake Steilacoom 
sediment tests showed that species that typically occupy sediment, like Hyalella azteca 
and Hexagenia spp. are adversely affected when exposed to natural sediments containing 
890 ppm copper (pore water containing 0.440 ppm copper).  However, water column 
dwelling organisms do not appear to be directly affected by the copper in Lake 
Steilacoom sediments although other “toxic” factors associated with the sediment may 
affect these cladocerans (Daphnia magna and Ceriodaphnia dubia). Chironomus tentans 
occupy the sediment, but do not appear to be adversely affected by the copper levels 
found in Lake Steilacoom sediment. This may be due to the ability of chironomids to 
regulate their uptake of copper and sequester that copper which is adsorbed (Sudel and 
Rogers, 1996).  Work done by Hugget et al (1997) using sediment from Lake Steilacoom, 
indicates that copper bound to these sediments is not biologically available and that 
cladoceran, amphipod and chironomid species will not be adversely impacted by copper 
entrained in Lake Steilacoom sediment.  However, field studies conducted by Bennett 
and Cubbage (1992) showed that the sediment biota in Lake Steilacoom consisted 
primarily of species that are highly tolerant of pollution and the taxa density and richness 
was low, which indicates that the benthic community of Lake Steilacoom is highly 
stressed.  Even though signs of community stress are evident in Lake Steilacoom, the 
factors causing this stress probably consist of a variety of stress factors and high copper 
concentrations may or may not be one of the stress factors. 
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1.1.4  Registration Labels  
 
1.1.4.1 Current Labels 
 

Although there are 17 products with copper as the active ingredient labeled in 
Washington for algae and/or aquatic macrophyte control, only 7 of these are currently 
used extensively by aquatic plant management professionals.  Two additional labels are 
being considered by aquatic plant management professionals for the control of algae and 
aquatic macrophytes. The products used for algae control include following products: 
 
1) Triangle® Brand Copper Sulfate Crystal (copper sulfate pentahydrate) from Phelps 

Dodge Refining corporation. 
2) Cutrine® Plus Algaecide/Herbicide (copper triethanolamine and copper 

ethanolamine) from Applied Biochemists). 
3) Cutrine®-Plus Granular Algaecide (copper triethanolamine and copper 

ethanolamine) from Applied Biochemists. 
4) Captain™ Liquid Copper Algaecide (labeled as copper carbonate but known to be 

derived from copper copper triethanolamine and copper ethanolamine) from SEPRO. 
5) Nautique™ Aquatic Herbicide (labeled as copper carbonate but known to be derived 

from of ethylenediamine and triethanolamine) from SEPRO. 
6) Komeen® (copper ehylenediamine plus copper sulfate pentahydrate) from Griffin 

LLC. 
7) K-Tea™ (copper triethanolamine plus copper oxide) from Griffin LLC. 
 
In addition to these products, two other products are being widely considered for use by 
the professional applicators operating in Washington State: 
 
1) Clearigate®  (copper monoethanolamine plus copper triethanolamine) from Applied 

Biochemists  
2) Earthtec® (copper sulfate pentahydrate plus Nordhausen® acid) from Earth Science 

Laboratories. 
 
Detailed descriptions of active ingredient, algae and/or macrophytes controlled and use 
restrictions are provided in Tables 1 & 2.  A specimen copy of each label is provided in 
Appendix 1. 

 
1.1.4.2 Historical Labels 

 
For the purpose of historical significance, labels from ~1990, corresponding to the 
current registered federal label for algae and weed control products, are located in 
Appendix 2. These historical labels indicate that the formulation, recommended uses and 
use rates have not changed significantly for copper II products.  There are no label 
restrictions against drinking, swimming, or fishing in waters treated with copper sulfate 
pentahydrate products or copper chelates.  However, there is a federal  drinking water 
standard of 1.0 ppm copper. Label restrictions primarily cover potential environmental 
hazards that could result in damage to crops, grass, ornamentals and other foliage and 
potential damage to aquatic organisms.  The labels and permits that govern those 
restrictions may be periodically changed based on new information submitted to EPA and 
Ecology (Table 1).  Therefore, the most current label should be read and understood prior 
to the use of  algae and aquatic weed control products. 
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1.1.4.3 Label Restrictions  
 

 Label restrictions 
 

The label restrictions in place as of February 2000 are outlined below.  However, 
label restrictions may change based on new data received by EPA.  The current label 
contains the most up-to-date restrictions and the most current label should be 
consulted when applying a herbicide. 
 
None of the products have water use restrictions and water can be used immediately 
after application for swimming, domestic uses (drinking water), livestock watering 
and irrigation.  However, none of the copper II products should be used at rates 
higher than 1.0 ppm copper in potable water sources. 
 
Copper Sulfate Pentahydrate 
 
Application of copper sulfate pentahydrate products like Triangle® Brand Copper 
Sulfate Crystals or Earthtec® may cause a significant reduction in populations of 
aquatic invertebrates, plants and fish. Treatment of a water body must be limited to a 
portion of the water body at any one time because decaying vegetation can deplete 
the dissolved oxygen content of the water and aquatic organisms need oxygen to 
survive. Treatment of dense weed areas may result in dissolved oxygen decreases due 
to the decomposition of dead weeds.  A significant decrease in dissolved oxygen 
content may cause the suffocation of fish or other aquatic animals.  No more than 
one-half of a water body should be treated at one time and a waiting period of 7 to 14 
days between treatments is required. Copper sulfate pentahdrate has a high toxicity to 
most species of fish and aquatic invertebrates.  Most species will not survive 
concentrations that approach the maximum use rate (1.0 ppm copper).  However, 
continuous exposure to concentrations as high as 0.20 ppm have been shown to be 
non-lethal to a variety of species when used in irrigation canals.  However, care 
should be taken since the concentration of 0.20 ppm greatly exceeds the laboratory 
toxicity of copper sulfate pentahydrate on most species of fish.  The effects of copper 
sulfate pentahydrate on fish is much reduced in hard water. If possible, water flow 
should be curtailed  for 3 days after treatment  or until plants have begun to die.  
Algae should ideally be treated on a sunny day when the temperature is above 60°F.  
Under these conditions the algal mats will typically float and they can be sprayed 
directly at the lower recommended dosage.  If the minimum recommended dosage 
fails to control the algae, the application rate can be increased until the algae are 
killed.  However, applicators with past experience will have knowledge of the 
concentration of copper sulfate pentahydrate necessary to control the target species of 
algae.  For actual size areas recommended for treatment or other restrictions, consult 
the label and the permit. Typical control measures often do not result in the treatment 
of an entire water body and normally only about 20% of a water body is treated based 
on areas designated for priority control. Control within areas of a water body can be 
designated a priority based on the impact aquatic weeds may have on specific areas 
of the water body. These priority impacts may include recreational use, water storage 
and withdrawal function, flood control, irrigation, property values, human health 
considerations, fish and wildlife habitat, ecological health and stability, biodiversity 
and effects on threatened and endangered species [Getsinger (Appendix.5 of Section 
1 of Endothall Document)]. 
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Cutrine®-Plus Algaecide/Herbicide Cutrine®-Plus Granular and K-Tea™ 
Algaecide 
 
Most species of fish are somewhat tolerant to Cutrine®-Plus Algaecide/Herbicide 
and Cutrine® Plus Granular and K-Tea™.  The acute toxicity (LC50) of formulations 
containing the primary active ingredient of triethanolamine ranges from 0.01 and 0.1 
ppm copper for striped bass (Morones saxatilis) larvae and striped bass fingerlings to 
6.0 ppm copper for bluegill sunfish [Lepomis macrochirus (Hughes, 1973 and Beste, 
1983)].  These toxicity values place triethanolamine in the U.S. EPA’s 
ecotoxicological categories of very highly toxic (LC50 = <0.1 ppm) to moderately 
toxic (LC50 = >1.0 to 10 ppm).  Although the copper triethanolamine products can 
be safely used at the maximum use rate (0.4 ppm copper for Cutrine® Plus and 1.0 
ppm for K-Tea™) in trout ponds that contain cold hard water, they may not be safe to 
trout, tropical fish, ornamental goldfish, and certain other sensitive species when the 
water is extremely soft [< 50 ppm CaCO3 (Beste, 1983 and Labels)]. Trout, channel 
catfish and Koi appear to be particularly sensitive to products containing copper 
ethanolamine (Cutrine®-Plus Label) even when copper ethanolamine is present as 
the secondary active ingredient. 
 
In areas that are heavily infested with algae, or if the water temperature is high, 
treatment can result in oxygen loss from the decomposition of dead vegetation or 
algae.  
 
 A significant decrease in dissolved oxygen content may cause the suffocation of fish 
or other aquatic animals.  No more than one–third to one-half of a water body should 
be treated at one time and a waiting period of 10 to 14 days between treatments is 
required.  Treatments should begin along the shore and move outward in bands to 
allow fish to move into untreated areas. 

 
Products containing triethanolamine and/or monoethanolamine are used primarily to 
control various species of algae (both planktonic and filamentous algae) in addition 
to these uses, Cutrine®-Plus may be used to control Hydrilla verticillata and K-
Tea™ may be used to control various diatoms and autotrophic protozoans.  
Typically, products containing triethanolamine or monoethanolamine are not 
effective in controlling most aquatic macrophytes.  However, copper ethanolamine or 
copper triethanolamine products may be applied with diquat in the case of Cutrine®-
Plus, or diquat or Komeen® in the case of K-Tea™ to for control of Hydrilla 
verticillata.  
 
Triethanoamine products precipitate out and become ineffective in extremely hard or 
alkaline waters.   
 
Komeen® and Nautique™ 
 
Copper ethylenediamine products like Komeen® and Nautique™ are not highly toxic 
to most species of fish. Komeen® has been observed to have fairly high toxicity to 
rainbow trout (LC50 = 0.48 to 4.0 ppm in rainbow trout, and 48 to 480 copper ppm in 
bluegill sunfish). However, as discussed previously, field data indicate that exposure 
at concentrations of 0.3 ppm (Komeen® as copper) and 0.3 ppm (diquat as c.e.) does 
not appear to have adverse impact on largemouth bass.  The observed toxicity values 
for these fish species place copper ethylenediamine in the EPA’s ecotoxicology 
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categories of the highly toxic (>0.1 to 1.0 ppm copper) to practically non-toxic (LC50 
= >100ppm).  Since Nautique™ contains both ethylenediamine and diethanolamine 
its toxicity may not be as well defined as that of Komeen® which primarily contains 
ethylenediamine. 

 
In areas that are heavily infested with aquatic macrophytes, or areas with a high water 
temperature, treatment can result in oxygen loss from the decomposition of dead 
vegetation. 
 
A significant decrease in dissolved oxygen content may cause the suffocation of fish 
or other aquatic animals.  No more than one–third to one-half of a water body should 
be treated at one time and a waiting period of 10 to 14 days between treatments is 
required.  Treatments should begin along the shore and move outward in bands to 
allow fish to move into untreated areas. 

 
 Additional restrictions imposed by Washington State.  

 
In the 1992 Supplemental Environmental Impact Statement for the Aquatic Plant 
Management Program for the State of Washington, Ecology discusses a number of 
additional restrictions required when a herbicide is permitted for aquatic weed 
control.   Since copper sulfate products have no federal label use restriction for 
livestock watering, irrigation, or drinking, no additional restrictions are applied by 
the state when the use rate of copper II products does not exceed 1.0 ppm copper. 
 
The State of Washington has been using the Provincial Sediment Quality Guidelines, 
severe effect level of 110 mg/Kg dry weight established by the Ontario Ministry of 
the Environment as an indicator of when the copper levels in sediment have exceeded 
the safety levels to sediment organisms.  
 
There is some indication that the concentration of copper can be extremely high in 
some Washington lakes (up to ~1000 ppm copper in Lake Steilacoom, Pierce 
County) but much lower in other lakes (an average of 10 ppm copper in Black Lake, 
Thurston County). Animals that live in the water column like Ceriodaphnia dubia 
and Daphnia magna were not affected acutely by the copper in Lake Steilacoom 
sediments.  However, an unidentified source of chronic toxicity, which can be 
removed by aeration was present in Lake Steilacoom sediment and from the outlet 
area and in Black Lake. Sediment organisms like Hyalella azteca and Hexgenia 
limbata are both affected in sediment tests where the concentration of copper in 
sediment is 890 ppm copper and the pore water concentration is 0.440 ppm copper 
(Bennett and Cubbbage, 1992); mortality for these species was 30% and 50%, 
respectively.  However, chironomids which are known to be tolerant of copper were 
not affected by exposure to these copper baring sediments.  In a similar test by 
Huggett et al (1997), copper was found to be bound to the bio-unavailable and 
therefore, not toxic to sediment organisms.  It is unclear why copper should have 
been bioavailable in Lake Steilacoom sediment in 1992, but not in 1997, except that 
subtle changes in pH, alkalinity, hardness and oxidative state of the sediment may 
have impacted the bioavailability dramatically or factors other than the effects of 
copper impacted the test organisms in the 1992 experiment.   
 
When treating a water body for weed control, the applicator must use the lowest 
efficacious treatment rate and 20% to 25% of the macrophytes in the water body 
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should not be treated in order to provide refuge and habitat for aquatic animals and 
water fowl.  

 
Follow all additional conditions, public notice, posting procedures and chemical 
restrictions contained in the permit. 
 

1.1.3.4 Labeled Use 
 

All copper II products are labeled for use in slow moving or quiescent water including 
golf course, ornamental fish, and fire ponds, freshwater lakes, fish hatcheries and potable 
water reservoirs.  In addition, K-Tea™, copper sulfate pentahydrate, Cutrine®-Plus 
Algaecide/Herbicde, Captain™, Nautique™ and Clearigate® are registered for use in crop 
and non-crop irrigation conveyance systems (ditches, canals and laterals).  Other uses 
may also be specified in the labels for specific products.   
 
The primary use of copper II products is for the control of algae and algal control is the 
primary labeled use for copper sulfate pentahydrate (Earthtec®, K-Tea™, Cutrine®-Plus 
Algaecide/Herbicide, Cutrine®-Plus Granular, and Captain™).  In addition to the control 
of algae, Captain™, Cutrine®-Plus, Cutrine®-Plus Granular and Clearigate® are labeled 
for the control of Hydrilla verticillata. Copper sulfate pentahydrate is labeled for the 
control of Sago pondweed (Potamogeton pectinatus) and leafy pondweed (Potamogeton 
spp.).  In addition to the control of Hydrilla verticillata, Clearigate® is labeled for the 
control of a wide variety of aquatic macrophytes. Various other species may also be 
controlled by these products.  Please consult the individual labels and Table 2 for a 
detailed description of the aquatic macrophytes controlled by these products.     
 
In contrast to the aforementioned products, Komeen® and Nautique™ are primarily 
registered for the control of a wide variety of vascular plants including American 
pondweed (Potamogeton nodosus), coontail (Ceratophyllum demersum), Brazilian elodea 
(Egeria densa), American waterweed (Elodea canadensis), Eurasian watermilfoil 
(Myriophyllum spicatum), naiads (Najas spp.) and  Sago pondweed (Potamogeton 
pectinatus).  Various other species may also be controlled by these products.  Please 
consult the individual labels and Table 2 for a detailed description of the aquatic 
macrophytes controlled by these products.    
 
For control of algae and submersed vegetation (coontail, elodea, hydrilla and 
watermilfoil), copper-complexes should be applied in a water carrier with a thickener 
through boom trailing hoses with appropriate nozzle tips designed for application below 
the water surface. Copper-complexes may also be applied undiluted or in a sufficient 
carrier to assure complete coverage of the weed infested areas.  If the weed population is 
mixed, the highest rate appropriate for the most tolerant species present should be used. 
Contact with non-target species by surface or air applied spray should be avoided so that 
drift does not adversely impact non-target or crop species.  All equipment should be 
calibrated carefully to be sure of applying the proper amount of herbicide. 
 
Although surfactants are not generally required for the control of algae or aquatic 
macrophytes with copper-complexes, the use of a polymer or silica-based thickening 
agent is highly recommended.  These thickening agents are used to control drift when 
applied by airplane or  improve sinking, deposition and  retention when applied by spray 
boat or as an invert emulsion or other subsurface application.  Care should be taken to 
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select a thickening agent that has been approved for aquatic use.  Thickening agents 
approved for aquatic use will not harm fish.  Thickening agents like PolyControl®, 
Nalquatic® or one of the organosilicates are often added to herbicide solutions that are 
applied to the water surface in order to control drift (Kurt Getsinger, Army Corp of 
Engineers Interview, Appendix 5 of Endothall Section 1 Document).  However, the use 
of a surfactant/penetrant is recommended with Nautique™ for the control of floating 
weeds and may be advisable for control of floating aquatic weeds with Komeen® but not 
with Clearigate® which already contains surfactants/penetrants. 

 
1.1.3.5 Effectiveness Controlling Specific Aquatic Plant Species 

 
In the control of aquatic algae and weeds, the copper compounds vary in spectrum but 
function primarily by general contact.  The mode or action against algae and macrophytes 
is the disruption of photosynthesis. Because of this mode of action, copper algaecides and 
herbicides should be applied on a sunny day when the water temperature is greater than 
or equal to 60°F. Copper compounds (Copper Sulfate, K-Tea™ Captain™, Cutrine® Plus, 
Cutrine® Plus Granular are primarily used for the control of algae.  However, some of 
the copper products (particularly Komeen®, Nautique™ and Clearigate®) may be used 
primarily for the control of emersed, submersed and floating aquatic macrophytes (Table 
2).  
 
In addition to the algae and macrophytes that the various copper II products are labeled to 
control, copper II has been observed to control certain other species of algae and 
macrophytes for which there is no efficacy claimed on the labels.  These species are 
noted in Table 2.  However, use of copper II products for control of species for which no 
efficacy is claimed is not recommended. 
 
Certain species of aquatic macrophytes are of particular interest to Ecology.  They are 
Myriophyllum spicatum (Eurasian watermilfoil), Lythrum salicaria, (purple loosestrife), 
Egeria densa (Brazilian elodea), Myriophyllum aquaticum (parrotsfeather), Cabomba 
caroliniana (fanwort), Hydrilla vertcillata (hydrilla), Tamarix ramosissima (saltcedar), 
Amorpha fruticosa (indigobush), Polygonum sachalinense, (giant hogweed or giant 
knotweed), Polygonum cuspidatum (Japanese knotweed), Lysimachia vulgaris (garden 
loosestrife) and Phalaris arundinacea (reed canarygrass).   
 
The copper sulfate pentahydrate products (Triangle® Brand Copper Sulfate Crystal and 
Earthtec®) are not labeled for control of any of these noxious and invasive species. 
 
Copper ethylenediamine products like Komeen® or Nautique™ are labeled for control of 
hydrilla, Brazilian elodea, and Eurasian watermilfoil.  No efficacy is claimed for other 
noxious and invasive species that are of particular interest to Ecology. 
 
Copper triethanolamine and monoethanolamine products like Cutrine® Plus, Cutrine® 
Plus Granular are labeled for hydrilla control. No efficacy is claimed for other noxious 
and invasive species that are of particular interest to Ecology. 
 
Copper ethanolamine products like Clearigate® are labeled for control of Brazilian 
elodea, parrotsfeather and Eurasian watermilfoil.  No efficacy is claimed for other 
noxious and invasive species of particular interest to Ecology.   
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Mixed ethanolamines like Captain™ are registered for the control of hydrilla. No efficacy 
is claimed for other noxious and invasive species that are of particular interest to 
Ecology. 

 
Mixtures of certain copper II products and other herbicides may be effective against some 
of these noxious and invasive species of particular interest to Ecology.  For example, 
mixtures of Komeen® plus diquat, Komeen® plus endothall and Komeen® plus Sonar® 
(fluridone), Nautique™ plus Reward®, Nautique™ plus Sonar®, Cutrine®-Plus plus 
Reward® are labeled for control of some of the noxious and invasive species of particular 
interest to Ecology.  Komeen® plus Sonar® is labeled for control of fanwort, 
watermilfoil (Eurasian water milfoil and parrotsfeather) and Brazilian elodea.  Komeen® 
plus endothall is labeled for control of milfoil (Eurasian watermilfoil and parrotsfeather).  
Komeen® plus diquat is labeled for control of Eurasian water milfoil and hydrilla. 
Nautique™ plus Reward® (diquat) is labeled for control of Brazilian elodea, Eurasian 
watermilfoil and hydrilla. A combination of Cutrine®-Plus and Reward® is labeled for 
control of hydrilla. No efficacy is claimed for other noxious and invasive species that are 
of particular interest to Ecology. 

 
Although efficacy is not claimed by the manufacturer, Westerdahl and Getsinger (1988) 
claims mixtures of complexed coppers and diquat effectively control water pennywort 
(Hydrocotyle umbellata) water lettuce (Pistia stratiotes), fanwort (Cabomba 
caroliniana), water buttercup (Ranunculus aquatilis), widgeon grass (Ruppia maritima). 
Westerdahl and Getsinger (1988) also claim that mixtures of complexed coppers and 
diquat are fair to good in controlling watershield (Brasenia schreberi), mosquito fern 
(Azolla caroliniana) and wild celery (Vallisneria americana).  

 
Some species of aquatic plants are known to resist or tolerate copper products. Protracted 
use of copper sulfate pentahydrate is known to cause a change in the dominant species in 
treated water bodies.  These changes in dominant species may be due to the development 
of resistance to copper sulfate pentahydrate in blue-green algae [particularly, 
Aphanizomenon spp. (Hanson and Stephan, 1984)]. Use of copper II products (Copper 
sulfate pentahydrate, Komeen®, K-Tea™ or other formulations) to control algae and 
weeds not listed on the label is not recommended. However, these algae and weeds may 
be controlled incidentally as a result of application of copper II products. 
 

1.1.3.6 Other Concerns 
 
Although it is not the practice of Ecology to permit the use of tank mixes, copper 
products are often mixed with other herbicides to broaden the spectrum of activity.  For 
example, mixing an algaecide with a herbicide will control algae and vascular plants with 
just one application.  
 
Komeen® may be tank mixed with diquat, Komeen® may be tank mixed with endothall 
or Komeen® may be tank mixed with fluridone) for the control of a spectrum of aquatic 
weeds that neither Komeen® or its tank mix partner is capable of controlling alone. A list 
of the weeds controlled by each product and the combined products is listed in Tables 
2A, 2B or 2C. When using Komeen® and diquat together, mix 20 gallons of Komeen®, 
10 gallons of Reward® and 2 gallons of Nalquatic® (thickener) per 100 gallons of water.  
Apply the tank mix at a rate of 20 gallons/acre.  When using Komeen® and endothall 
together, mix 20 gallons of Komeen®, and 15 gallons of Aquathol® K or Hydrothol® 
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191 per 100 gallons of water.  Apply the tank mix at a rate of 20 gallons/acre. When 
using Komeen® and fluridone together, mix 20 gallons of Komeen®, and 1.5 quarts of 
Sonar® per 100 gallons of water.  Apply the tank mix at a rate of 20 gallons/acre.  Since 
epiphytic algae may interfere with the uptake of these herbicides, use of an algaecide like 
K-Tea™ prior to application of this tank mix may improve control of these aquatic 
macrophytes.  
 
K-Tea™ and Komeen® may also be tank mixed for the control of Hydrilla verticillata 
and the epiphytic algal species that may cover it.  The tank mix should be applied at 1.7 
to 3.4 gallons of K-Tea™ plus 2.24 gallons of Komeen® per acre-foot of water.  The high 
rate of K-Tea™ should be used to control heavy algal infestations or difficult to control 
species. 
 
K-Tea™ and diquat may be used to control Hydrilla verticillata and the epiphytic algae 
that may cover it.  The tank mix should be applied at 4 gallons of K-Tea™ plus two 
gallons of Reward® per acre. 
 
Cutrine® and diquat may be used to control the presence of Hydrilla verticillata and 
algae in water where enforcement of use restrictions for recreational, domestic and 
irrigation uses are acceptable.  When using this tank mix, add 3 gallons of Cutrine®-Plus, 
5 gallons of Reward® and 9 gallons of water and apply the tank mix at 17.5 gallons per 
acre. 
 
When using these tank mixes, all cautions and water use restrictions on the labels for both 
products must be followed.  

 
Surfactants are not typically applied with copper II products.  However, thickeners like 
Nalquatic®, PolyControl® or one of the silicates have been used to control drift in the 
case of aircraft application or to improve sinking, deposition and retention when applied 
by spray boat or as invert emulsions.  
 
The rate of herbicide use is controlled by a number of use pattern factors.  These factors 
include the species of plant to be controlled, the degree of infestation, the contact time 
between the treated water and the plants to be controlled, usage patterns including 
susceptibility of the treated plant species, depth of the water, temperature of the water and 
water exchange patterns.  Concentration X exposure time is usually proportional; that is, 
a low concentration requires a longer exposure time to achieve control than a high 
concentration.  Deep water typically  requires a higher treatment rate than shallow water.  
Cold water (<60°F) may decrease the efficacy and immediacy of aquatic algae or weed 
control.  Water which has a high flow rate, large volume dilutions from ground water or 
surface water sources or extensive vertical and lateral mixing may require higher use 
rates than still or impounded water, which has little dilution or mixing.  
 

1.1.4 Maintaining the Current Registration 
 

Since the last Supplemental Environmental Impact Statement (1992), few additional 
studies have been submitted to support the registration of copper II products. Most of the 
studies that were conducted to support the registration of copper II products were 
conducted in the 1970s.  These studies and studies reviewed in the previous 
Supplementary Environmental Impact Statement (Ecology, 1980, 1989 and 1992) and in 
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the open literature have been summarized in Section 4. These studies and new 
interpretation of the results of these studies may result in the addition or removal of 
certain use restrictions depending upon their outcome. The changes brought by the 
development of new data will be assessed in later sections of this document. 

 
1.1.5 Interviews with Applicators regarding Typical Practices in Washington State 
 

A set of questions was developed based on specific points of interest outlined by 
Ecology. The items that were addressed were those that the applicators (Doug Dorling of 
Allied Aquatics, Inc. and Terry McNabb of Resource Management, Inc.) would have 
direct knowledge of.  Their input was incorporated in the main body of Section 1.  The 
original questions and answers given by the applicators are presented in Appendices 3 & 
4 of Section 1 for endothall.  Prior to finalization of the interviews, the respondents were 
requested to review the documents, correct any errors and elaborate on points of 
particular interest or concern to them.  

 
1.1.6 Rate Technologies  
 

The same set of applicator questions was also asked of Kurt Getsinger of the Army Corp 
of Engineers. Dr. Getsinger heads up the Chemical Technologies Research Unit at 
Waterways Experiment Station.  Dr. Getsinger is a leading expert and scientist in 
chemical control technologies. He is the author of many scientific papers in this field and 
co-author with Howard Westerdahl of the “Aquatic Plant Identification and Herbicide 
Use Guide” (1988).  Dr. Getsinger was also asked to discuss his research in rate reduction 
technology including hardware, products and methods used. Dr. Getsinger’s input was 
incorporated in the main body of Section 1 and in the assessments and recommendations 
portions of this document (Section 4).  The original questions and answers given by Dr. 
Getsinger are presented in Appendix 5 of Section 1 for endothall.  Prior to finalization of 
the interview, the respondent was requested to review the document, correct any errors 
and elaborate on points of particular interest or concern to him. 
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Table 1:  Rate of Application, Effective Concentrations, Comments and Label Restrictions 
for Copper II Algaecide/Herbicide Products 

 
                 Table 1A:  Comments & Label Restrictions for Triangle® Brand Copper Sulfate Crystal and 

Aquatic Herbicide 
Manufacturer/Distributor:  Phelps Dodge Refining Corporation 
Active Ingredient: Copper sulfate pentahydrate 
% a.i.:  99% (metallic copper equivalent = 25.2%)___________________________________________________ 
Application Sites: For the control of algae and pondweeds in slow moving or quiescent water bodies including 
lakes, potable water reservoirs, golf, farm, fish and fire ponds, fish hatcheries and crop and non-crop irrigation 
conveyance systems, ditches, canals and laterals. 

For instructions on application rates to control specific algae and  weeds, see the Triangle® Brand Copper 
Sulfate Crystal Label.  For the control of algae, apply at a rate of 3 to 6 pounds formulation/acre-foot of 
water (0.27 to 0.54 ppm copper).  Apply twice yearly or as needed.  Product may be applied by broadcasting 
the crystals at a specific rate over the surface of the water.  The product may also be applied by spraying 
dissolved crystals over the water surface; it is recommended that the spray volume be 200 to 500 or more 
gallons per acre but a minimum of 3 to 5 gallons per acre may be used.  Crystals may also be applied by 
dragging a bag containing the crystals in the top foot of water until the crystals are completely dissolved.  To 
avoid fish-kills, begin treatment along shore and proceed outwards in bands to allow fish to move into 
untreated areas. Licensed professional personnel may apply copper sulfate pentahydrate by spraying from an 
airplane or helicopter. 
 
In irrigation conveyances (ditches, canals and laterals), where control of Sago pondweed or leafy pondweed 
is necessary, the product may be applied continuously at the rate of 1.6 to 2.4 pounds per cubic foot per 
second per day.  The product may also be applied as a single slug containing 0.25 to 2.0 lbs per second of 
water per treatment; additional applications are usually necessary every 5 to 30 miles depending on water 
hardness, alkalinity and plant density. 

 
Treatment rates are calculated based on water temperatures of 60°F.  Larger quantities of copper sulfate 
pentahydrate may be necessary when the temperature is lower or the treated water is hard.  Larger quantities 
of copper sulfate pentahydrate will usually be required in flowing water.  Therefore, if possible, curtail the 
flow of water before treatment and hold dormant for approximately 3 days after treatment or until the plants 
have begun to die.  It is usually best to treat on a sunny day when heavy mats of filamentous algae are likely 
to be floating on the surface and can, therefore, be sprayed directly.   
 
There are no restrictions on use of water treated with copper sulfate pentahydrate at concentrations that do 
not exceed 1.0 ppm copper.  Water may be used immediately after treatment for swimming, fishing, 
livestock watering, irrigation of crop and non-crop planting, agricultural sprays, or for household purposes.   
 
Copper sulfate pentahydrate products are toxic to fish, aquatic invertebrates and plants. Direct application of 
copper sulfate to water may cause a significant reduction in population of aquatic invertebrates, plants and 
fish.  Trout and other species of fish may be killed at application rates recommended on the label especially 
in soft (low alkalinity) or acid waters. However, fish toxicity generally decreases when hardness of the water 
increases. Not more than one-half of a lake or pond should be treated at one time in order to avoid depletion 
of oxygen from decaying vegetation.  Allow 1 or 2 weeks between treatments for oxygen levels to recover. 
 
Notes not contained in the label but considered important with all copper II  products: 
Do not apply to water with extremely low hardness or alkalinity (50 ppm CaCO3).  Do not apply at pH 
below 6.0 or pH above 9. Do not apply to potable water sources at concentrations above 1.0 ppm copper.  
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Table 1B: Comments & Label Restrictions for Eathtec® Algicide/Bactericide  
 

Manufacturer/Distributor: Earth Science Laboratories, Inc. 
Active Ingredient: Copper sulfate pentahydrate 
% a.i.:  5% metallic copper equivalents (20% copper sulfate pentahydrate).  Also contains 5 to 15% Nordhausen® 

acid. 
Application Sites: For control of algae, bacteria and pondweed in irrigation water reservoirs, lakes, ponds, potable 
water supplies and irrigation conveyance systems. 

For instructions on application rates to control specific algae and weeds, see Earthtec® Algicide/Bactericide 
label.  For the control of algae and pondweeds, apply full strength at a rate up to 1 gallon formulation in 
60,000 gallons of water (1.0 ppm copper).  Apply twice yearly or as needed.  Product should be applied full 
strength directly from the container that it is received in.  Application dosage is variable depending on algae 
species and density, water hardness, water temperature and flow rate.  Preferably, water should be >60°F and 
clear when this product is applied. Higher concentrations are necessary at lower water temperatures, higher 
algae concentrations, for hard waters and for flowing water.  In flowing water systems (irrigation 
conveyance systems greater than 30 miles in length), it is recommended that the dosage be dispersed among 
several injection points within each 30 mile length of canal, ditch or lateral. 
 
Application rate to fish-bearing waters (lakes, ponds, drinking water reservoirs irrigation water conveyance 
systems) should not be higher than 1 gallon formulation in 1 million gallons of water (0.06 ppm copper).  In 
non-fishbearing waters such as fountains, water features, waste water lagoons and animal confinement pits, 
the dosage rate may range from 0.6 to 2.0  ppm copper.  Water should not be used for potable water purposes 
if the copper concentration is higher than 1.0 ppm copper. 

 
There are no restrictions on use of water treated with copper sulfate pentahydrate at concentrations that do 
not exceed 1.0 ppm copper.  Water may be used immediately after treatment for swimming, fishing, 
livestock watering, irrigation of crop and non-crop planting, agricultural sprays, or for household purposes.  
Water should not be used for potable water purposes if the copper concentration is higher than 1.0 ppm 
copper   
 
Copper sulfate pentahydrate products are toxic to fish. Direct application of copper sulfate to water may 
cause a significant reduction in population of aquatic invertebrates, plants and fish.  Trout and other species 
of fish may be killed at application rates recommended on the label especially in soft (low alkalinity) or acid 
waters. However, fish toxicity generally decreases when hardness of the water increases. Not more than one-
half of a lake or pond should be treated at one time in order to avoid depletion of oxygen from decaying 
vegetation.  Allow 1 or 2 weeks between treatments for oxygen levels to recover to avoid fish suffocation. 
 
This product may adversely impact endangered species, specifically Solano grass in California, slackwater 
darter in Tennessee and Alabama, and freshwater mussels in Tennessee and Virginia.  These species are 
known to occur in specific counties in the indicated states.  It is against federal law to apply this product to 
water bodies in counties where these species occur. 
 
Notes not contained in the label but considered important with all copper II  products: 
Do not apply to water with extremely low hardness or alkalinity (50 ppm CaCO3).  Do not apply at pH 
below 6.0 or pH above 9.0.  Do not apply to potable water sources at concentrations above 1.0 ppm copper.  

 





Supplemental Environment Impact Statement Assessments of Aquatic Herbicides: 
Volume 5– Copper, Section 1 – LABEL DESCRIPTION & HISTORY 

Vol. 5, Sec. 1 – Page 27 
 

 
Table 1C: Comments & Label Restrictions for K-Tea™  Algaecide 

 
Manufacturer/Distributor:  Griffin 
Active Ingredient: Derived from copper triethanolamine and copper hydroxide 
% a.i.:  8% metallic copper equivalents____________________________________________________________  
Application Sites: For control of various filamentous, planktonic and branched (anchored) algae, which can occur in 
slow moving or quiescent water including: golf course, ornamental, fish, irrigation and fire ponds, freshwater lakes 
and fish hatcheries, potable water reservoirs and associated waters (rivers, streams, bays and coves), crop and non-
crop irrigation conveyance systems (canals, laterals and ditches). 

For instructions on application rates to control specific algae and weeds, see K-Tea™ Algaecide label.  For the 
control of algae, apply at concentrations up to 1.0 ppm copper.  Free-floating (planktonic) algae can be controlled 
at concentrations of 0.2 to 0.5 ppm copper.  Filamentous (mat forming) algae or periphyton can be controlled at 
concentrations of 0.5 to 1.0 ppm copper. Preferably, water should be >60°F and calm when this product is 
applied. Higher concentrations are necessary at lower water temperatures, higher algae concentrations, for hard 
alkaline waters (>50 ppm CaCO3) and for flowing water.   

 
K-Tea™ may be diluted with water (1 part K-Tea™ to 10 to 20 parts water) and sprayed evenly across the 
surface at appropriate rates to achieve the desired concentrations in water. A polymer may be added to K-Tea™ 
to improve sinking, deposition or retention of the spray.  K-Tea™ may also be applied by subsurface injection 
with or without an invert emulsion carrier.  If applied by aircraft, apply the recommended rate of K-Tea™ in 20 
gallons of spray solution per acre; add the recommended rate of a polymer to control drift and improve sinking of 
the spray solution.  If application will be to an irrigation conveyance system or other moving water, K-Tea™ 
should be metered into the system for 3 hours at rates specified in the label to achieve a concentration of 1.0 ppm 
copper.  If areas to be treated is longer than 3 hours times the water velocity, it is necessary to repeat the 
application at the point equal to this distance from the initial application point.  
 
K-Tea™ may be applied as a tank mix with Komeen® herbicide or diquat (Reward® Landscape and Aquatic 
Herbicide) at concentrations specified in the K-Tea™ Label.  The purpose of this tank mix is for K-Tea™ to 
control algae that covers Hydrilla verticillata and prevents adsorption of Komeen® or diquat used to control 
hydrilla.  The tank mix may be applied as a spray from a handgun, spray boat or aircraft or it may be applied as a 
subsurface application with or without the use of an invert emulsion carrier.  
 
There are no restrictions on use of water treated with K-Tea™ at concentrations that do not exceed 1 ppm 
copper.  Water may be used immediately after treatment for swimming, fishing, livestock watering, irrigation of 
crop and non-crop plantings, agricultural sprays, or for household purposes. Concentrations above 1.0 ppm 
copper may injure crops, grass, ornamental plants or other foliage.   
 
Products containing copper triethanolamine or copper hydroxide may be toxic to fish. Some species of fish may 
be killed at applications rates specified on this label.  Trout and channel catfish are especially sensitive.  
Immature fish are more susceptible to injury than mature fish.  Generally, fish toxicity is reduced as water 
hardness increases. If the water body is heavily infested with algae or aquatic weeds or if water temperature is 
high, do not treat more than one-third to one-half of a lake or pond at one time in order to avoid depletion of 
oxygen from decaying vegetation.  Allow 1 or 2 weeks between treatments for oxygen levels to recover in order 
to avoid fish suffocation due to oxygen depletion. 
 
Notes not contained in the label but considered important with all copper II  products: 
Do not apply to water with extremely low hardness or alkalinity (<50 ppm CaCO3).  Do not apply at pH below 
6.0 or pH above 9.0.  Do not apply to potable water sources at concentrations above 1 ppm copper.  



 

 
Table 1D: Comments & Label Restrictions for Cutrine®-Plus Algaecide/Herbicide 

 
Product :  Cutrine®-Plus Algaecide/herbicide (Liquid) 
Manufacturer/Distributor:  Applied Biochemists 
Active Ingredient: Copper carbonate derived from copper triethanolamine and copper ethanolamine 
% a.i. Product:  9% copper equivalents____________________________________________________________ 
Application Sites: For control of a broad range of algae, filamentous (mat forming), bottom growing algae and 
Hydrilla verticillata (a macrophyte). Cutrine®-Plus Algaecide/Herbicide may be used for control of the listed algae 
and plants, which can occur in golf course, fish, farm, and fire ponds, lakes and fish hatcheries, potable water 
reservoirs; raceways, crop and non-crop irrigation conveyance systems (ditches, canals and laterals). 

For instructions on application rates to control specific algae and weeds, see Cutrine®-Plus Algaecide/Herbicide.  
For the control of algae and Hydrilla, Cutrine®-Plus may be applied at concentrations up to 1.0 ppm copper (3-
gallons of product per acre foot).  Apply Cutrine-Plus at concentrations of 0.2 ppm copper (0.6 gallons/acre-foot) 
to control free-floating (planktonic) and filamentous (mat forming) algae.  Chara and Nitella (bottom growth) 
algae can be controlled at concentrations of 0.4 ppm copper (1.2 gallons formulation/acre-foot).  Cutrine®-Plus 
also controls Hyrdilla verticillata at concentrations of 0.4 to 1.0 ppm based on stage of growth, density of plant 
growth, and water depth. Preferably, Cutrine®-Plus Algaecide/Herbicide should be applied early in the morning 
under calm, sunny conditions with water temperature >60°F.  Higher concentrations are necessary at lower water 
temperatures, higher algae concentrations, for hard alkaline waters (>50 ppm CaCO3) and for flowing water.   

 
Cutrine®-Plus Algaecide/Herbicide should be diluted with sufficient water to ensure even distribution of the 
product with the type of equipment being used may be diluted with water.  Cutrine®-Plus should be applied with 
a hand power sprayer adjusted to rain sized droplets. If application will be to an irrigation conveyance system or 
other moving water, Cutrine®-Plus should be metered into the system for 3 hours at rates specified in the label to 
achieve a concentration of 1.0 ppm copper.  Distance of control obtained down a waterway will vary depending 
upon density of vegetation growth.  
 
Cutrine®-Plus Algaecide/Herbicide may be applied as a tank mix with diquat (Reward® Landscape and Aquatic 
Herbicide) at concentrations specified in the Cutrine®-Plus label as an alternative method for the control of 
Hydrilla verticillata.  The purpose of this tank mix is for Cutrine®-Plus to control algae that covers Hydrilla 
verticillata and prevents adsorption of the diquat used to control hydrilla.   

 
There are no restrictions on use of water treated with Cutrine®-Plus Algaecide/herbicide at concentrations that 
do not exceed 1.0 ppm copper.  Water may be used immediately after treatment for swimming, fishing, livestock 
watering, irrigation of turf or ornamental plants, and for household purposes. Concentrations above 1.0 ppm 
copper may injure crops, grass, ornamental plants or other foliage.   
 
Products containing mixed ethanolamines may be toxic to fish. Some species of fish may be killed at application 
rates specified on this label.  Trout and channel catfish are especially sensitive.  Immature fish are more 
susceptible to injury than mature fish. Fish toxicity is generally reduced as water hardness increases. If the water 
body is heavily infested with algae or aquatic weeds or if water temperature is high, do not treat more than one-
third to one-half of a lake or pond at one time in order to avoid depletion of oxygen from decaying vegetation.  
Allow 1 or 2 weeks between treatments for oxygen levels to recover in order to avoid fish suffocation due to 
oxygen depletion. 
 
Notes not contained in the label but considered important with all copper II  products: 
Do not apply to water with extremely low hardness or alkalinity (<50 ppm CaCO3).  Do not apply at pH below 
6.0 or pH above 9.  Do not apply to potable water sources at concentrations above 1.0 ppm copper. Do not apply 
to potable water sources at concentrations above 1.0 ppm copper. 
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Table 1E: Comments & Label Restrictions for Cutrine®-Plus Granular 

 
Product:  Cutrine®-Plus Granular 
Manufacturer/Distributor:  Applied Biochemists 
Active Ingredient: Copper carbonate derived from copper triethanolamine and copper ethanolamine 
% a.i. Product :  3.7% copper equivalent__________________________________________________________  
Application Sites: For control of Chara spp., Nitella spp. and bottom growing filamentous forms of algae. 
Cutrine®-Plus Granular may be used for control of the listed algae and plants, which can occur in golf course, 
fish, farm, and fire ponds, lakes and fish hatcheries, and potable water reservoirs.   

Cutrine®-Plus Granular is applied at a rate of 60 lbs/acre (67.2 Kg/ha for control of  Chara, Nitella and 
bottom growths of filamentous algae when the treatment area is large.  It may also be used as a spot 
treatment at rates of one pound/720 feet2 (6.8 grams/meter2), which will give a water concentration of 
approximately 0.4 ppm copper. Preferably, Cutrine®-Plus Granular should be applied early in the morning 
under calm, sunny conditions with water temperature >60°F.  Higher concentrations are necessary at lower 
water temperatures, higher algae concentrations, for hard alkaline waters (>50 ppm CaCO3) and for flowing 
water.   
 
Cutrine®-Plus Granular should be applied, as it comes out of the bag, with a fertilizer spreader or similar 
device. The area to be treated should be measured carefully and the application equipment should be 
calibrated carefully to insure that the proper amount of Cutrine®-Plus Granular is applied to the algae 
infested site. 

 
There are no restrictions on use of water treated with Cutrine®-Plus at concentrations that do not exceed 1.0 
ppm copper.  Water may be used immediately after treatment for swimming, fishing, livestock watering, 
irrigation of turf or ornamental plants, and for household purposes. Concentrations above 1.0 ppm copper 
may injure crops, grass, ornamental plants or other foliage.   
 
Products containing mixed copper ethanolamines may be toxic to fish. Some species of fish may be killed at 
application rates specified on this label.  Trout and channel catfish are especially sensitive.  Immature fish 
are more susceptible to injury than mature fish.  Generally, fish toxicity is reduced as water hardness 
increases. If the water body is heavily infested with algae or aquatic weeds or if water temperature is high, 
do not treat more than one-third to one-half of a lake or pond at one time in order to avoid depletion of 
oxygen from decaying vegetation.  Allow 1 or 2 weeks between treatments for oxygen levels to recover in 
order to avoid fish suffocation due to oxygen depletion. 
 
Notes not contained in label but considered important with all copper II  products: 
Do not apply to water with extremely low hardness or alkalinity (<50 ppm CaCO3).  Do not apply at pH 
below 6.0 or pH above 9.0.  Do not apply to potable water sources at concentrations above 1.0 ppm copper. 
Concentrations above 1.0 ppm copper may injure crops, grass, ornamental plants or other foliage.   
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Table 1F: Comments & Label Restrictions for Captain™ Liquid Copper Algaecide 
 

Manufacturer Distributor:  SEPRO 
Active Ingredient: Copper carbonate derived from copper triethanolamine and copper ethanolamine 
% a.i.:  15.9% copper carbonate; 9.1% copper equivalents___________________________________________  
Application Sites: For control of various filamentous, planktonic and macroalgae (Chara/Nitella), which can 
occur in potable water sources, lakes, rivers reservoirs and ponds, slow-flowing or quiescent water bodies, crop 
and non-crop irrigation systems (canals, laterals and ditches) fish, golf course, ornamentals, swimming and fire 
ponds, and fish hatcheries.  

For instructions on application rates to control specific algae and weeds, see Captain™ Liquid Copper 
Algaecide label. For the control of algae, apply at concentrations up to 1.0 ppm copper. Free-floating 
(planktonic) algae can be controlled at concentrations of 0.2 to 0.4 ppm copper.  Filamentous (mat forming) 
algae can be controlled at concentrations of 0.4 to 0.4 ppm copper.   Macro-algae like Chara or Nitella can 
be controlled at concentrations of 0.4 ppm copper.  Hydrilla verticillata can be controlled at concentrations 
of 0.4 to 1.0 ppm copper.  Preferably, this product should be applied early in the day when it is calm and 
sunny and the water temperature is above 60°F.  Higher concentrations are necessary at lower water 
temperatures, higher algae concentrations or weed densities, for hard alkaline waters and for flowing water.   

 
Captain™ should be diluted with sufficient water to ensure even distribution of this product with the type of 
equipment being used.  Apply this product with a hand power sprayer adjusted to produce rain size droplets.  
Maintain copper concentrations for a minimum of 3 hours contact time after application. If application will 
be to an irrigation conveyance system or other moving water, Captain™ should be metered into the system 
for 3 hours at rates specified in the label to achieve a concentration of 1.0 ppm copper.  If areas to be treated 
is longer than 3 hours times the water velocity, it is necessary to repeat the application at the point equal to 
this distance from the initial application point.  
 
For the control of hydrilla, Captain™ may be used as a tank mix with diquat (Reward® Landscape and 
Aquatic Herbicide) at concentrations specified in the Captain™ label.  The tank mix may be applied as a 
surface spray or underwater injection. 

 
There are no restrictions on use of water treated with Captain™ at concentrations that do not exceed 1.0 ppm 
copper.  Water may be used immediately after treatment for swimming, fishing, livestock watering, irrigation 
of crop and non-crop plantings, agricultural sprays, or for household purposes.  
 
Products containing copper triethanolamine or copper ethanolamine may be toxic to fish. Trout and other 
species of fish may be killed at application rates recommended on this label.  Generally, fish toxicity is 
reduced as water hardness increases. If  the water body is heavily infested with algae or aquatic weeds or if 
water temperature is high, do not treat more than one-half of a lake or pond at one time in order to avoid 
depletion of oxygen from decaying vegetation.  If temperature is between 65° and 85°C, treat only one-third 
of the water body at one time.  If temperature is greater than 85°C, do not treat more than 10% of the water 
surface at one time. Allow 7 to 10 days weeks between treatments for oxygen levels to recover in order to 
avoid fish suffocation due to oxygen depletion.  To reduce the potential for fish-kill, Captain™ should be 
applied from the shoreline outward. 
 
Notes not contained in label but considered important with all copper II  products: 
Do not apply to water with extremely low hardness or alkalinity (<50 ppm CaCO3).  Do not apply at pH 
below 6.0 or pH above 9.0.  Do not apply to potable water sources at concentrations above 1.0 ppm copper.  
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Table 1G: Comments & Label Restrictions for Clearigate® 
 

Manufacturer Distributor:  Applied Biochemists 
Active Ingredient: Copper monoethanolamine and copper triethanolamine 
% a.i.:  3.825% copper equivalence______________________________________________________________  
Application Sites: For control of various filamentous, planktonic, macroalgae (Chara/Nitella) and various aquatic 
macrophytes, which can occur in potable water sources, lakes; farm, fish, golf course, industrial and swimming 
ponds; crop and non-crop irrigation systems (canals, laterals and ditches).    

For instructions on application rates to control specific algae and weeds, see the Clearigate® label. For the 
control of algae, apply at concentrations up to 1.0 ppm copper. Free-floating (planktonic) algae can be 
controlled at concentrations of 0.1 to 0.5 ppm copper.  Filamentous (mat forming) algae can be controlled at 
concentrations of 0.4 to 0.6 ppm copper. Macroalgae like Chara or Nitella can be controlled at 
concentrations of 0.4 to 0.8 ppm copper. Various macrophytes including watermilfoil Brazilian elodea, 
American waterweed, naids and pondweeds can be controlled at concentrations ranging from 0.5 to 1.0 ppm 
copper depending on the species to be controlled.  Floating plants can be controlled with a foliar spray 
containing 20% to 25% copper.  Preferably, this product should be applied early in the day when it is calm 
and sunny and the water temperature is above 60°F.  Higher concentrations are necessary at lower water 
temperatures, higher algae concentrations or weed densities, for hard alkaline waters, when pH is above 9 
and for flowing water.   

 
Clearigate® should be diluted with sufficient water to ensure even distribution of this product with the type 
of equipment being used.  Avoid drift by using course spray droplets, applying close to the water surface or 
injecting solution below the water surface. Addition of emulsifiers, or surfactant/penetrants is not necessary 
with this product since these ingredients are already included in the Clearigate® formulation.  Maintain 
copper concentrations for a minimum of 3 hours contact time after application. If application will be to an 
irrigation conveyance system or other moving water, Clearigate® should be metered into the system for 3 
hours at rates specified in the label to achieve a concentration of 1.0 ppm copper.  If areas to be treated have 
a turnover time of greater than 4.5 hours per turnover, it is necessary to add additional metered application 
sites appropriate to the turnover rate as described in the label. 

 
There are no restrictions on use of water treated with Clearigate® at concentrations that do not exceed 1.0 
ppm copper.  Water may be used immediately after treatment for swimming, fishing, livestock watering, 
irrigation of crop and non-crop planting, agricultural sprays, or for household purposes.  
 
Products containing copper triethanolamine or copper ethanolamine may be toxic to fish. Some species of 
fish may be killed at application rates specified on this label.  Trout, koi, goldfish and some other species of 
fish are particularly sensitive. Do not use this product in waters containing sensitive species if the water 
hardness is less than 50 ppm CaCO3.   Generally, fish toxicity is reduced as water hardness increases. If  the 
water body is heavily infested with algae or aquatic weeds, do not treat more than one-third to one-half of a 
lake or pond at one time in order to avoid depletion of oxygen from decaying vegetation. Allow 1 to 2 weeks 
between treatments for oxygen levels to recover in order to avoid fish suffocation due to oxygen depletion.  
 
Notes not contained in label but considered important with all copper II  products: 
Do not apply to water with extremely low hardness or alkalinity (<50 ppm CaCO3).  Do not apply at pH 
below 6.0 or pH above 9.0.  Do not apply to potable water sources at concentrations above 1.0 ppm copper. 
To reduce the potential for fish-kill, Clearigate® should be applied from the shoreline outward. 
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Table 1H: Comments & Label Restrictions for Komeen® Aquatic Herbicide 
 

Manufacturer/Distributor:  Griffin 
Active Ingredient: Derived from copper ethylenediamine and copper sulfate pentahydrate 
% a.i.:  8% copper equivalence______________________________________________________________  
Application Sites: For control of various aquatic macrophytes, which can occur in slow moving or quiescent water 
bodies including: golf course, ornamental, fish, and fire ponds, fresh water lakes, fish hatcheries and potable water 
reservoirs.  

For instructions on application rates to control specific aquatic macrophytes, see the Komeen® Aquatic 
Herbicide label. For the control of various aquatic macrophytes, apply at concentrations up to 1.0 ppm 
copper. Brazilian elodea, American waterweed, naids and coontail can be controlled at concentrations of 0.5 
to 1.0 ppm copper.  Other species including Eurasian watermilfoil, certain pondweeds, water-lettuce and 
Hydrilla verticillata can be controlled at concentrations of 0.75 to 1.0 ppm.  

 
Komeen® may be applied to the surface near shorelines or in shallow water. A polymer may be added to 
Komeen® or a Komeen®/water premix to improve sinking, deposition or retention of the spray.  Komeen® 
may also be applied by subsurface injection with or without an invert emulsion carrier.  If applied by aircraft, 
apply the recommended rate of Komeen®  in 20 gallons of spray solution per acre; add the recommended 
rate of a polymer to control drift and improve sinking of the spray solution.  

 
Komeen® should be applied in 100 to 400 gallons of spray solution per surface acre to ensure even 
distribution of this product with the type of equipment being used.  Add the recommended rate of a polymer 
to improve sinking. Komeen® requires 12 to 24 hours of contact with the target weed in order to provide 
effective control.  

 
There are no restrictions on use of water treated with Komeen® at concentrations that do not exceed 1.0 ppm 
copper.  Water may be used immediately after treatment for swimming, fishing, livestock watering, irrigation 
of crop and non-crop planting, agricultural sprays, or for household purposes.  
 
Products containing copper ethylenediamine and copper sulfate pentahydrate may be toxic to fish. Trout and 
other species of fish may be killed at application rates recommend in the label.  Generally, fish toxicity is 
reduced as water hardness increases. If the water body is heavily infested with aquatic weeds, do not treat 
more than one-third to one-half of a lake or pond at one time in order to avoid depletion of oxygen from 
decaying vegetation. Allow 10 to 14 days between treatments for oxygen levels to recover in order to avoid 
fish suffocation due to oxygen depletion.  To avoid fish-kills, begin treatment along shore and proceed 
outward to allow fish to avoid the treated area. 
 
Komeen® may be tank mixed with diquat (Reward® Landscape and Aquatic Herbicide). Komeen® may be 
tank mixed with endothall (Aquathol® or Hydrothol® 191). Komeen® may be tank mixed with fluridone 
(Sonar® A.S.).  These tank mixes may improve the spectrum of control above that of Komeen® alone. 
Details of the application method and rates may be found in the Komeen® label. Algae on plant surfaces 
may interfere with the uptake of herbicides; therefore, use K-Tea™ prior to the application of Komeen® or 
these tank mixes to remove excess algae and improve control.  
 
Notes not contained in the label but considered important with all copper II  products: 
Do not apply to water with extremely low hardness or alkalinity (<50 ppm CaCO3).  Do not apply at pH 
below 6.0 or pH above 9.0.  Do not apply to potable water sources at concentrations above 1.0 ppm copper.  
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Table 1I: Comments & Label Restrictions for Nautique™ Aquatic Herbicide 
 

Manufacturer/Distributor:  SEPRO 
Active Ingredient: Copper carbonate derived from copper ethylenediamine and copper triethanolamine 
% a.i.:  15.9% copper carbonate;  9.1% copper equivalence___________________________________________  
Application Sites: For control of various aquatic macrophytes, which can occur in potable water sources, lakes, 
rivers, reservoirs and ponds; slow-flowing or quiescent water bodies, crop and non crop irrigation systems (canals, 
laterals and ditches); golf course, ornamental, fish, swimming or fire ponds; aquaculture including fish and 
shrimp.  

For instructions on application rates to control specific aquatic macrophytes, see the Nautique™ Aquatic 
Herbicide label. For the control of various aquatic macrophytes including Brazilian elodea, naids, coontail, 
and widgeon grass, apply at concentrations of 0.5 to 1.0 ppm copper. In soft water, Eurasian watermilfoil and 
certain pondweeds will also be controlled at these rates. The rate of application will vary depending on the 
relative weed density. For control of free-floating plants like water-lettuce, waterhyacinth and Salvinia, apply 
4 to 12 gallons product/acre.  The rate of application will vary with species to be controlled. Preferably, this 
product should be applied early in the day when it is calm and sunny and the water temperature is above 
60°F.  Higher concentrations are necessary at lower water temperatures, higher algae concentrations or weed 
densities, for hard alkaline waters and for flowing or deep water. 

 
Nautique™ can be applied directly as a surface spray, by subsurface injection or as an invert injection 
through trailing hoses or in combination with other aquatic herbicides and algaecides.  Surfactants, 
penetrants and polymers can be used to improve retention time, sinking and distribution of the herbicide.  
Nautique™ can be applied with or without dilution with water with best practice determined by the method 
that is most suitable for uniform coverage of the treatment area.  Maintain copper concentrations for a 
minimum of 3 hours contact time after application. If application will be to an irrigation conveyance system 
or other moving water, Nautique™ should be metered into the system for 3 hours at rates specified in the 
label to achieve a concentration of 0.5 to 1.0 ppm copper. Distance of control obtained will vary depending 
on the density of vegetation growth.  

 
There are no restrictions on use of water treated with Nautique™ at concentrations that do not exceed 1.0 
ppm copper.  Water may be used immediately after treatment for swimming, fishing, livestock watering, 
irrigation of crop and non-crop planting, agricultural sprays, or for household purposes.  
 
Products containing copper ethylenediamine and copper triethanolamine may be toxic to fish. In soft water, 
trout and other species may be killed at application rates recommend in the label.  Do not use in water 
containing trout and other sensitive species if the water hardness <50 ppm CaCO3.  Generally, fish toxicity 
is reduced as water hardness increases. If the water body is heavily infested with aquatic weeds, do not treat 
more than one-third to one-half of a lake or pond at one time in order to avoid depletion of oxygen from 
decaying vegetation. Allow 10 to 12 days between treatments for oxygen levels to recover in order to avoid 
fish suffocation due to oxygen depletion. To avoid fish-kills, begin treatment along shore and proceed 
outward to allow fish to avoid the treated area. 
 
Nautique™ may be tank mixed with diquat (Reward® Landscape and Aquatic Herbicide). Nautique™ may 
be tank mixed with fluridone (Sonar® A.S.).  These tank mixes may enhance the control of species for 
which efficacy is claimed. Details of the application method and rates may be found in the Nautique™ label.  
 
Notes not contained in label but considered important with all copper II  products: 
Do not apply to water with extremely low hardness or alkalinity (<50 ppm CaCO3).  Do not apply at pH 
below 6.0 or pH above 9.0.  Do not apply to potable water sources at concentrations above 1 ppm copper.   



Table 2A:  Species of Algae and Macrophytes Controlled, Effectiveness of Control and Registration Status for Listed Species with Copper 
Sulfate Pentahydrate (Triangle Brand), Earthtec®, Algaecide/Bacteriacide, Captain™ Liquid Copper Algaecide,  Cutrine-Plus 

Algaecide/Herbicide, Cutrine® Plus Granular and Clearigate® 
 

Labeled Use and/or Effectiveness of Control Species Controlled 
Copper Sulfate 

Pentahydrate (Triangle 
Brand) 

Earthtec® 
Algaecide/Bacteriacide 

Captain™ Liquid 
Copper Algaecide

Cutrine®-Plus 
Granular 

Clearigate® 
 

Unspecified General Algae Labeled use Labeled use Labeled Use No Efficacy Claimed No Efficacy 
Claimed 

Unspecified Planktonic Algae Label is Unclear as to Efficacy Label is Unclear as to 
Efficacy 

Labeled Use No Efficacy Claimed Labeled use 

Unspecified Filamentous  
(Mat Forming) Algae 

Label is Unclear as to Efficacy Label is Unclear as to 
Efficacy 

Labeled Use No Efficacy Claimed Labeled use 

Unspecified Filamentous  
(bottom growths) algae 

Label is Unclear as to Efficacy Label is Unclear as to 
Efficacy 

Label is Unclear as 
to Efficacy 

Labeled No Efficacy 
Claimed 

Chara spp.a,b Label is Unclear as to Efficacy Label is Unclear as to 
Efficacy 

Labeled Use Labeled use Labeled use 

Nitella spp.a,b Label is Unclear as to Efficacy Label is Unclear as to 
Efficacy 

Labeled Use Labeled use Labeled use 

Potamogeton pectinatusc,d 

(Sago pondweed) 
Labeled Use Labeled Use No Efficacy 

Claimed 
No Efficacy Claimed No Efficacy 

Claimed 
Leafy pondweedc.d Labeled Use Labeled Use No Efficacy 

Claimed 
No Efficacy Claimed No Efficacy 

Claimed 
Hydrilla verticillatac,d 

(Hydrilla) 
No Efficacy Claimed No Efficacy Claimed Labeled Use 

Good Controlf 
No Efficacy Claimed Labeled use 

Good Controlf

Elodea densac,d 

(Brazilian Elodea) 
No Efficacy Claimed No Efficacy Claimed No Efficacy 

Claimed 
No Efficacy Claimed Labeled use 

Elodea canadensisc,d 
(American waterweed) 

No Efficacy Claimed No Efficacy Claimed No Efficacy 
Claimed 

No Efficacy Claimed Labeled use 

Myriophllum spp.c,d 

(watermilfoil) 
No Efficacy Claimed No Efficacy Claimed No Efficacy 

Claimed 
No Efficacy Claimed Labeled use 
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Table 2A:  Species of Algae and Macrophytes Controlled, Effectiveness of Control and Registration Status for Listed Species with Copper 
Sulfate Pentahydrate (Triangle Brand), Earthtec®, Algaecide/Bacteriacide, Captain™ Liquid Copper Algaecide,  Cutrine-Plus 

Algaecide/Herbicide, Cutrine® Plus Granular and Clearigate® (continued) 
 

Labeled Use and/or Effectiveness of Control Species Controlled 
Copper Sulfate 

Pentahydrate (Triangle 
Brand) 

Earthtec® 
Algaecide/Bacteriacide 

Captain™ Liquid 
Copper Algaecide

Cutrine®-Plus 
Granular  

Clearigate® 
 

Najas spp.c,d 

(Naiad) 
No Efficacy Claimed No Efficacy Claimed No Efficacy 

Claimed 
No Efficacy Claimed Labeled use 

Lemna spp.c,e 
(Duckweed) 

No Efficacy Claimed No Efficacy Claimed No Efficacy 
Claimed 

No Efficacy Claimed Labeled use 

Eichhornia crassipesc,e 
(water-hyacinth) 

No Efficacy Claimed No Efficacy Claimed No Efficacy 
Claimed 

No Efficacy Claimed Labeled use 

 

a green algae 
b  anchored algae 

c  macrophyte 
d submersed 
e  floating 
f Westerdahl & Getsinger, 1986 
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Table 2B: Species of Algae and Macrophytes Controlled, Effectiveness of Control and Registration Status for Listed Species with K-Tea™ 
Algaecide, Cutrine®-Plus Algaecide/Herbicide, Komeen® Aquatic Herbicide, and Nautique™ Aquatic Herbicide  

 
Labeled Use and/or Effectiveness of Control Species Controlled 

K-Tea™ Herbicide 
 

Cutrine®-Plus 
Algaecide/Herbicide 

Komeen®  
Aquatic Herbicide 

Nautique™ Aquatic 
Herbicide 

Anabaena spp.a,b Labeled Use No Efficacy Claimed No Efficacy Claimed No Efficacy Claimed 
Aphanizomenon spp.a,b Labeled Use No Efficacy Claimed No Efficacy Claimed No Efficacy Claimed 
Clindrospemum spp.a,b Labeled Use No Efficacy Claimed No Efficacy Claimed No Efficacy Claimed 

Gleotrichia spp.a,b Labeled Use No Efficacy Claimed No Efficacy Claimed No Efficacy Claimed 
Gomphosphaeria spp.a,b Labeled Use No Efficacy Claimed No Efficacy Claimed No Efficacy Claimed 

Microcystis spp.a,b Labeled Use Labeled Use No Efficacy Claimed No Efficacy Claimed 
Oscillatoria spp.a,b Labeled Use Labeled Use No Efficacy Claimed No Efficacy Claimed 
Plectonema spp.a,b Labeled Use No Efficacy Claimed No Efficacy Claimed No Efficacy Claimed 
Polycystis spp.a,b Labeled Use No Efficacy Claimed No Efficacy Claimed No Efficacy Claimed 
Calothrix spp.a,c Labeled Use No Efficacy Claimed No Efficacy Claimed No Efficacy Claimed 

Nostoc spp.a,c Labeled Use No Efficacy Claimed No Efficacy Claimed No Efficacy Claimed 
Phormidium spp.a,c Labeled Use No Efficacy Claimed No Efficacy Claimed No Efficacy Claimed 

Symploca spp.a,c Labeled Use No Efficacy Claimed No Efficacy Claimed No Efficacy Claimed 
Botryococcus spp.b,d Labeled Use No Efficacy Claimed No Efficacy Claimed No Efficacy Claimed 

Closterium spp.b,d Labeled Use No Efficacy Claimed No Efficacy Claimed No Efficacy Claimed 
Coelastrum spp.b,d Labeled Use No Efficacy Claimed No Efficacy Claimed No Efficacy Claimed 

Drapanalidia spp.b,d Labeled Use No Efficacy Claimed No Efficacy Claimed No Efficacy Claimed 
Enteromorpha spp.b,d Labeled Use No Efficacy Claimed No Efficacy Claimed No Efficacy Claimed 

Gloecysits spp.b,d Labeled Use No Efficacy Claimed No Efficacy Claimed No Efficacy Claimed 
Hydrodictyon spp.b,c,d Labeled Use No Efficacy Claimed No Efficacy Claimed No Efficacy Claimed 

Microspora spp.b,d Labeled Use No Efficacy Claimed No Efficacy Claimed No Efficacy Claimed 
Spirogyra spp.b,c,d Labeled Use Labeled Use No Efficacy Claimed No Efficacy Claimed 
Triponema spp.b,d Labeled Use No Efficacy Claimed No Efficacy Claimed No Efficacy Claimed 
Ulothrix spp.b,d Labeled Use Labeled Use No Efficacy Claimed No Efficacy Claimed 
Zygnema spp.b,d Labeled Use No Efficacy Claimed No Efficacy Claimed No Efficacy Claimed 

 

Supplemental Environment Impact Statement Assessments of Aquatic Herbicides: 
DRAFT Volume 6 – Copper, Section 1 – LABEL DESCRIPTION & HISTORY 

Vol. 6, Sec. 1 – Page 36 



 

Table 2B:  Species of Algae and Macrophytes Controlled, Effectiveness of Control and Registration Status for Listed Species with K-Tea™ 
Algaecide, Komeen® Aquatic Herbicide, and Nautique™Aquatic Herbicide (continued) 

 
Labeled Use and/or Effectiveness of Control Species Controlled 

K-Tea™ Herbicide 
 

Cutrine®-Plus 
Algaecide/Herbicide 

Komeen®  
Aquatic Herbicide 

Nautique™ Aquatic 
Herbicide 

Anikistrodsemus spp.d,e Labeled Use No Efficacy Claimed No Efficacy Claimed No Efficacy Claimed 
Chara spp.d,e Labeled Use Labeled Use No Efficacy Claimed No Efficacy Claimed 

Chlorella spp.c,d Labeled Use No Efficacy Claimed No Efficacy Claimed No Efficacy Claimed 
Cladophora spp.c,d Labeled Use Labeled Use No Efficacy Claimed No Efficacy Claimed 
Crucigenia spp.c,d Labeled Use No Efficacy Claimed No Efficacy Claimed No Efficacy Claimed 
Desmidium spp.c,d Labeled Use No Efficacy Claimed No Efficacy Claimed No Efficacy Claimed 

Oodegonium spp.c,d Labeled Use No Efficacy Claimed No Efficacy Claimed No Efficacy Claimed 
Golenkinia spp.c,d Labeled Use No Efficacy Claimed No Efficacy Claimed No Efficacy Claimed 

Nitella spp.d,e Labeled Use No Efficacy Claimed No Efficacy Claimed No Efficacy Claimed 
Oocystis spp.c,d Labeled Use No Efficacy Claimed No Efficacy Claimed No Efficacy Claimed 
Palmella spp.c,d Labeled Use No Efficacy Claimed No Efficacy Claimed No Efficacy Claimed 

Pithorphora spp.c.d Labeled Use No Efficacy Claimed No Efficacy Claimed No Efficacy Claimed 
Scenedesmus spp.c,d Labeled Use No Efficacy Claimed No Efficacy Claimed No Efficacy Claimed 
Staurastrum spp.c,d Labeled Use No Efficacy Claimed No Efficacy Claimed No Efficacy Claimed 

Vaucheria sppd No Efficacy Claimed Labeled Use No Efficacy Claimed No Efficacy Claimed 
Tetraedron spp.c,d Labeled Use No Efficacy Claimed No Efficacy Claimed No Efficacy Claimed 
Asterionella spp.b,f Labeled Use No Efficacy Claimed No Efficacy Claimed No Efficacy Claimed 
Fraglilaria spp.b,f Labeled Use No Efficacy Claimed No Efficacy Claimed No Efficacy Claimed 

Gomphnema spp.b,f Labeled Use No Efficacy Claimed No Efficacy Claimed No Efficacy Claimed 
Melosira spp.b,f Labeled Use No Efficacy Claimed No Efficacy Claimed No Efficacy Claimed 
Navicula spp.b,f Labeled Use No Efficacy Claimed No Efficacy Claimed No Efficacy Claimed 
Nitzchia spp.b,f Labeled Use No Efficacy Claimed No Efficacy Claimed No Efficacy Claimed 

Stephanodiscus spp.b,f Labeled Use No Efficacy Claimed No Efficacy Claimed No Efficacy Claimed 
Synedra spp.b,f Labeled Use No Efficacy Claimed No Efficacy Claimed No Efficacy Claimed 
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Table 2B:  Species of Algae and Macrophytes Controlled, Effectiveness of Control and Registration Status for Listed Species with K-Tea™ 
Algaecide, Komeen® Aquatic Herbicide, and Nautique™ Aquatic Herbicide (continued) 

 
Labeled Use and/or Effectiveness of Control Species Controlled 

K-Tea™ Herbicide 
 

Cutrine®-Plus 
Algaecide/Herbicide 

Komeen®  
Aquatic Herbicide 

Nautique™ Aquatic 
Herbicide 

Tabellaria spp.b,f Labeled Use No Efficacy Claimed No Efficacy Claimed No Efficacy Claimed 
Achnanthe sppc,.f Labeled Use No Efficacy Claimed No Efficacy Claimed No Efficacy Claimed 
Cymbella spp.c,f Labeled Use No Efficacy Claimed No Efficacy Claimed No Efficacy Claimed 
Neidium spp.c,f Labeled Use No Efficacy Claimed No Efficacy Claimed No Efficacy Claimed 

Ceratium spp.b,,g Labeled Use No Efficacy Claimed No Efficacy Claimed No Efficacy Claimed 
Cryptomonas spp.b,,g Labeled Use No Efficacy Claimed No Efficacy Claimed No Efficacy Claimed 

Dinobyron spp.b,,g Labeled Use No Efficacy Claimed No Efficacy Claimed No Efficacy Claimed 
Euglena spp.b,,g Labeled Use No Efficacy Claimed No Efficacy Claimed No Efficacy Claimed 

Glenodinium spp.b,,g Labeled Use No Efficacy Claimed No Efficacy Claimed No Efficacy Claimed 
Mallomonas spp.b,,g Labeled Use No Efficacy Claimed No Efficacy Claimed No Efficacy Claimed 

Synura spp.b,,g Labeled Use No Efficacy Claimed No Efficacy Claimed No Efficacy Claimed 
Uroglena spp.b,,g Labeled Use No Efficacy Claimed No Efficacy Claimed No Efficacy Claimed 

Volvox spp.b,,g Labeled Use No Efficacy Claimed No Efficacy Claimed No Efficacy Claimed 
Chlamydomonas spp.c,g Labeled Use No Efficacy Claimed No Efficacy Claimed No Efficacy Claimed 

Eudorina spp.c,g Labeled Use No Efficacy Claimed No Efficacy Claimed No Efficacy Claimed 
Hawmatococcus spp.c,g Labeled Use No Efficacy Claimed No Efficacy Claimed No Efficacy Claimed 

Pandorina spp.c,g Labeled Use No Efficacy Claimed No Efficacy Claimed No Efficacy Claimed 
Peridinium spp.c,g Labeled Use No Efficacy Claimed No Efficacy Claimed No Efficacy Claimed 

Hydrilla verticillatah,i 

(Hydrilla) 
No Efficacy claimed when 

used alone 
Labeled Use 

Good Controlk 
Labeled Use 

Good Controlk 
Labeled Use 

Good Controlk 
Eichhornia crassipesh,j 

(Waterhyacinth) 
No Efficacy Claimed No Efficacy Claimed Labeled Use 

Suppression 
Labeled Use 

Egeria densah,I 
(Brazilian elodea) 

No Efficacy Claimed No Efficacy Claimed Labeled Use 
Suppression 

Labeled Use 

Table 2B:  Species of Algae and Macrophytes Controlled, Effectiveness of Control and Registration Status for Listed Species with K-Tea™ 
Algaecide, Komeen® Aquatic Herbicide, and Nautique™ Aquatic Herbicide (continued) 
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Labeled Use and/or Effectiveness of Control Species Controlled 
K-Tea™ Herbicide 

 
Cutrine®-Plus 

Algaecide/Herbicide 
Komeen®  

Aquatic Herbicide 
Nautique™ Aquatic 

Herbicide 
Najas spp. h,I 

(Southern and Northern Naiads) 
No Efficacy Claimed No Efficacy Claimed Labeled Use 

Suppression 
Labeled Use 

Ceratophyllum demersumh,I 
(Coontail) 

No Efficacy Claimed No Efficacy Claimed Labeled Use 
Suppression 

Labeled Use 

Elodea canadensish,I 
(American waterweed) 

No Efficacy Claimed No Efficacy Claimed Labeled Use 
Suppression 

Labeled Use 

Myriophyllum spicatum h,I 

(Eurasian watermilfoil) 
No Efficacy Claimed No Efficacy Claimed Labeled Use 

Suppression 
Labeled Use 

Potamogeton pectinatush,I 
(Sago pondweed) 

No Efficacy Claimed No Efficacy Claimed Labeled Use 
Suppression 

Labeled Use 

Potamogeton nodos h,I (American 
pondweed) 

No Efficacy Claimed No Efficacy Claimed Labeled Use 
Suppression 

Labeled Use 

Pistia stratiotesh,j 
(Water lettuce) 

No Efficacy Claimed No Efficacy Claimed Labeled Use 
Suppression 

No Efficacy Claimed 

Ruppia Maritimah,I 

(Widgeon grass) 
No Efficacy Claimed No Efficacy Claimed No Efficacy Claimed Labeled Use 

Salvinvia spp.h,j 

(Salvinia) 
No Efficacy Claimed No Efficacy claimed No Efficacy Calimed Labeled Use 

 

a  blue-green algae j  floating
k Westerdahl and Getsinger, 1986

b  free-floating plankton 
c  filamentous mat forming algae 
d  green algae 
e  anchored algae 
f  diatoms 
g  protozoans 
h  macrophytes 
I  submersed 

 
Table 2C:  Species of Algae and Macrophytes Controlled, Effectiveness of Control and Registration Status for Listed Species with 

Komeen® plus Reward®, Komeen® + Endothall, Komeen® + Sonar®, Nautique™ + Reward® and Nautique™ + Sonar®, Captain™ + 
Reward® and Cutrine®-Plus + Reward® 
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Labeled Use and/or Effectiveness of Control Species Controlled 

Komeen® + 
Reward® 

Komeen® + 
Endothall 

Komeen® + 
Sonar® 

Nautique™ + 
Reward® 

Nautique™ + 
Sonar 

Captain™ +Reward® 
Or Cutrine®-Plus + 

Reward® 
Macrophytes       

Uticularia sppa 

(Bladderwort) 
Labeled Use No Efficacy 

Claimed 
Labeled Use No Efficacy 

Claimed 
No Efficacy 

Claimed 
No Efficacy Claimed 

Nuphar luteum 
(Spatterdock)b 

No Efficacy Claimed Labeled Use Labeled Use No Efficacy 
Claimed 

No Efficacy 
Claimed 

No Efficacy Claimed 

Potamogeton spp.a 

(Pondweed) 
Labeled use for many 

species 
Labeled Use No Efficacy 

Claimed 
Labeled Use No Efficacy 

Claimed 
No Efficacy Claimed 

Potamogeton nodosusa 

(American pondweed) 
No Efficacy Claimed Labeled Use Labeled Use Labeled Use Labeled Use No Efficacy Claimed 

P. crispusa 

(Curlyleaf pondweed) 
Labeled Use Labeled Use No Efficacy 

Claimed 
Labeled Use No Efficacy 

Claimed 
No Efficacy Claimed 

Leafy pondweeda Labeled Use Labeled Use No Efficacy 
Claimed 

Labeled Use No Efficacy 
Claimed 

No Efficacy Claimed 

P. richardoniia 

(Richardson’s pondweed)a  
Labeled Use Labeled Use No Efficacy 

Claimed 
Labeled Use No Efficacy 

Claimed 
No Efficacy Claimed 

Small pondweeda Labeled Use Labeled Use No Efficacy 
Claimed 

Labeled Use No Efficacy 
Claimed 

No Efficacy Claimed 

P. natansa 

(Floatingleaf pondweed)a 
Labeled Use Labeled Use No Efficacy 

Claimed 
Labeled Use No Efficacy 

Claimed 
No Efficacy Claimed 

P. pectinatusa 
(Sago pondweed) 

Labeled Use Labeled Use Labeled Use Labeled Use Labeled Use No Efficacy Claimed 

Zannichellia spp.a 

(Horned Pondweed) 
No Efficacy Claimed Labeled Use No Efficacy 

Claimed 
No Efficacy 

Claimed 
No Efficacy 

Claimed 
No Efficacy Claimed 

Typha spp.b 

(Cattail) 
Labeled Use No Efficacy 

Claimed 
No Efficacy 

Claimed 
No Efficacy 

Claimed 
No Efficacy 

Claimed 
No Efficacy Claimed 

Table 2C:  Species of Algae and Macrophytes Controlled, Effectiveness of Control and Registration Status for Listed Species with 
Komeen® plus Reward®, Komeen® + Endothall, Komeen® + Sonar®, Nautique™ + Reward® and Nautique™ + Sonar®, Captain™ + 

Reward® and Cutrine®-Plus + Reward® (continued) 
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Labeled Use and/or Effectiveness of Control Species Controlled 

Komeen® + Reward® Komeen® + 
Endothall  

Komeen® + 
Sonar® 

Nautique™ + 
Reward® 

Nautique™ + 
Sonar 

Captain™ +Reward® 
Or Cutrine®-Plus + 

Reward® 
Elodea canadensisa 

(American waterweed) 
Labeled Use No Efficacy 

Claimed 
Labeled Use No Efficacy 

Claimed 
Labeled Use No Efficacy Claimed 

Egeria densaa 

(Brazilian elodea) 
No Efficacy Claimed 

 
No Efficacy 

Claimed 
Labeled Use No Efficacy 

Claimed 
Labeled Use No Efficacy Claimed 

Cabomba carolianianaa 

(Fanwort) 
No Efficacy Claimed 

Excellent Controle 
No Efficacy 

Claimed 
Labeled Use Labeled Use 

Excellent Controle 
No Efficacy 

Claimed 
No Efficacy Claimed 

Excellent Controle 
Lemna spp.c 

(Duckweed) 
Labeled Use No Efficacy 

Claimed 
Labeled Use Labeled Use Labeled Use No Efficacy Claimed 

Pistia stratiotesc 
(Water lettuce) 

Labeled Use 
Excellent Controle 

No Efficacy 
Claimed 

No Efficacy 
Claimed 

Labeled Use 
Excellent Controle 

No Efficacy 
Claimed 

No Efficacy Claimed 
Excellent Controle 

Myriophyllum spp.a 
(watermilfoil) 

Labeled use for 
Eurasian watermilfoil 

only 

Labeled use for 
many species 

Labeled use for 
many species 

No Efficacy 
Claimed 

No Efficacy 
Claimed 

No Efficacy Claimed 

Myriophyllum spicatuma 

(Eurasian watermilfoil) 
Labeled Use Labeled Use Labeled use Labeled Use No Efficacy 

Claimed 
No Efficacy Claimed 

Ceratophyllum demersuma  
(Coontail) 

Labeled Use Labeled Use Labeled Use Labeled Use Labeled Use No Efficacy Claimed 

Salvinia rotundifoliac  
(Common Salvinia) 

Labeled Use No Efficacy 
Claimed 

No Efficacy 
Claimed 

Labeled Use Labeled Use No Efficacy Claimed 

Najas spp.a 

(Naiads) 
Labeled Use Labeled Use 

Specified for 
Najas Elodea 

Labeled Use 
Specified for 
Najas Elodea 

Labeled Use Labeled Use for 
several species 

No Efficacy Claimed 

Najas guadalupenisa 

(Southern naiad) 
Labeled Use Labeled Usea Labeled Usea Labeled Use Labeled Use No Efficacy Claimed 

Northern naiada No Efficacy Claimed Labeled Usea Labeled Usea Labeled Use Labeled Use No Efficacy Claimed 
Table 2C:  Species of Algae and Macrophytes Controlled, Effectiveness of Control and Registration Status for Listed Species with 

Komeen® plus Reward®, Komeen® + Endothall, Komeen® + Sonar®, Nautique™ + Reward® and Nautique™ + Sonar®, Captain™ + 
Reward® and Cutrine®-Plus + Reward® (continued) 
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Labeled Use and/or Effectiveness of Control Species Controlled 
Komeen® + Reward® Komeen® + 

Endothall  
Komeen® + 

Sonar® 
Nautique™ + 

Reward® 
Nautique™ + 

Sonar 
Captain™ +Reward® 
Or Cutrine®-Plus + 

Reward® 
Najas minora 

(Slender naiad) 
Labeled Use Labeled Usea Labeled Usea Labeled Use Labeled Use No Efficacy Claimed 

Hydrocotyle uruguayensisb 

(Water pennywort) 
Labeled Use 

Excellent Controle 
No Efficacy 

Claimed 
No Efficacy 

Claimed 
No Efficacy Claimed

Excellent Controle 
Labeled Use No Efficacy Claimed 

Excellent Controle 
Hydrilla verticillataa 

(Hydrilla) 
Labeled Use 

Excellent Controle 
No Efficacy 

Claimed 
No Efficacy 

Claimed 
Labeled Use 

Excellent Controle 
No Efficacy 

Claimed 
Labeled Use 

Excellent Controle 
Ranuculus aquatilis 
(Water buttercup) 

No Efficacy Claimed 
Excellent Controle 

No Efficacy 
Claimed 

No Efficacy 
Claimed 

No Efficacy Claimed 
Excellent Controle 

No Efficacy 
Claimed 

No Efficacy Claimed 
Excellent Controle 

Ruppin maritima 
(Widgeon grass) 

No Efficacy Claimed 
Excellent Controle 

No Efficacy 
Claimed 

No Efficacy 
Claimed 

No Efficacy Claimed 
Excellent Controle 

No Efficacy 
Claimed 

No Efficacy Claimed 
Excellent Controle 

Eichhornia crassipesc 

(Waterhyacinth) 
Labeled Use No Efficacy 

Claimed 
No Efficacy 

Claimed 
Labeled Use No Efficacy 

Claimed 
No Efficacy Claimed 

Panicum purpurascensb 
(Paragrass) 

No Efficacy Claimed No Efficacy 
Claimed 

Labeled Use No Efficacy Claimed No Efficacy 
Claimed 

No Efficacy Claimed 

Vallisneria spp.a 

(Wildcelery) 
No Efficacy Claimed 

Excellent Controle 
Labeled Use No Efficacy 

Claimed 
No Efficacy Claimed

Excellent Controle 
No Efficacy 

Claimed 
No Efficacy Claimed 

Excellent Controle 
Other Susceptible Species No Efficacy Claimed No Efficacy 

Claimed 
No Efficacy 
Claimed 

Labeled Use Labeled Use No Efficacy Claimed 

 
Algae No Efficacy Claimed Labeled Use No Efficacy 

Claimed 
No Efficacy Claimed No Efficacy 

Claimed 
No Efficacy Claimed 

Cladophora spp.d No Efficacy Claimed Labeled Use No Efficacy 
Claimed 

No Efficacy Claimed No Efficacy 
Claimed 

No Efficacy Claimed 

Pithophora spp.d No Efficacy Claimed Labeled Use No Efficacy 
Claimed 

No Efficacy Claimed No Efficacy 
Claimed 

No Efficacy Claimed 

Table 2C:  Species of Algae and Macrophytes Controlled, Effectiveness of Control and Registration Status for Listed Species with 
Komeen® plus Reward®, Komeen® + Endothall, Komeen® + Sonar®, Nautique™ + Reward® and Nautique™ + Sonar®, Captain™ + 

Reward® and Cutrine®-Plus + Reward® (continued) 
 

Supplemental Environment Impact Statement Assessments of Aquatic Herbicides: 
DRAFT Volume 6 – Copper, Section 1 – LABEL DESCRIPTION & HISTORY 

Vol. 6, Sec. 1 – Page 42 



 

Supplemental Environment Impact Statement Assessments of Aquatic Herbicides: 
DRAFT Volume 6 – Copper, Section 1 – LABEL DESCRIPTION & HISTORY 

Vol. 6, Sec. 1 – Page 43 

Labeled Use and/or Effectiveness of Control Species Controlled 
Komeen® + Reward® Komeen® + 

Endothall  
Komeen® + 

Sonar® 
Nautique™ + 

Reward® 
Nautique™ + 

Sonar 
Captain™ +Reward® 
Or Cutrine®-Plus + 

Reward® 
Spirogyra spp.d No Efficacy Claimed Labeled Use No Efficacy 

Claimed 
No Efficacy Claimed No Efficacy 

Claimed 
No Efficacy Claimed 

Brasenia schreberi 
(Watershield) 

No Efficacy Claimed 
Fair  Control e 

No Efficacy 
Claimed 

No Efficacy 
Claimed 

No Efficacy Claimed
Fair  Control e 

No Efficacy 
Claimed 

No Efficacy Claimed 
Fair  Control e 

Azolla caroliniana 
(Mosquito fern) 

No Efficacy Claimed 
Good Controle 

No Efficacy 
Claimed 

No Efficacy 
Claimed 

No Efficacy Claimed
Good Controle 

No Efficacy 
Claimed 

No Efficacy Claimed 
Good Controle 

 

a  submersed 
b  emersed 
c  floating 
d  green algae 
e Westerdahl and Getsinger, 1986
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2.0 CHEMICAL CHARACTERISTICS 
 

The physical/chemical data in the following section are those required by U.S. EPA when 
a product is registered for use in the U.S. as a pesticide. These characteristics assist in the 
basic understanding of the molecule and are later used in predicting environmental 
behavior or are considered when higher tiered studies are designed or requested. Pure 
active ingredient or technical grade active ingredient (TGAI) refers to the active 
compound(s), which cause the desired biological effect when applied to a target system. 
Manufacturing Use Products (MUP) are the TGAI with additional added ingredients. 
Typically, the added ingredients are solvents, safeners or diluents. The technical grade 
active ingredient and the manufacturing use products are typically formulated into end-
use products, also known as formulated products. The end-use products consist of a 
known percentage active ingredient plus a solvent or solid carrier and may include 
surface active components to aid in dissolution, emulsification, suspension, etc., of the 
active ingredient. The technical grade product of copper consists of the copper ion 
present as the salt, typically the sulfate, or as the copper ion dissolved in aqueous 
solution. 
 

2.1 COPPER 
 

Copper is the active component in several aquatic herbicides used in static and flowing 
water to control aquatic weeds.  It is also registered for a number of terrestrial uses 
including use as a fungicide and bacteriastat. Copper is a non-selective contact herbicide 
that is rapidly absorbed by green plant tissues that are killed on exposure to light through 
inhibition of photosynthesis. (SePRO, 2000) 
 
Copper compounds may be formulated as solid granular materials, pellets or combined 
with chelating agents dissolved in an aqueous solution. The primary concentrated end-use 
products are copper sulfate pentahydrated crystals (Phelps Dodge brand, EPA Reg. No. 
1278-8) and several chelated copper products. The chelated products include: Captain™ 
Algaecide and Nautique™ (SePRO, EPA Reg. Nos. 67690-9 and 67690-10), Cutrine® 
Plus and Cutrine® Granular (Applied Biochemists, EPA Reg Nos. 8959-10 and 8959-12-
AA) and K-TEA™ and Komeen® (Griffin LLC, EPA Reg. Nos. 1812-307 and 1812-
312). 
 

2.1.1 Composition 
 

Copper sulfate is a copper salt combining the cupric (+2) ion with the sulfate ion. The 
typical use form is the crystalline pentahydrate (five coordinated water molecules 
surrounding the copper sulfate molecule). 
 
The chelates are cupric (+2) ion coordinated with one or more of several coordinating 
compounds including monoethanolamine, triethanolamine and ethylene diamine. The 
cupric ion may come from copper sulfate, copper oxide or copper carbonate, but exists in 
solution as the cupric ion coordinated with the amine chelating agents listed above. 
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• Active Ingredients 
 

Common name: Copper Sulfate 
CAS Registry No.: 7758-98-7 
Chemical name: Copper Sulfate pentahydrate 
Empirical formula: CuSO4 5H2O 
Molecular weight: 249.69 

 
Common name: Copper Complexes 
CAS Registry No.: Various 
Chemical name: Chelated Metallic Copper 
Empirical formula: Varies 
Molecular weight: Varies 

 
 

• Impurities 
 

There are no known impurities identified by the manufacturers or the U.S. EPA, 
which are known to be of toxicological or environmental concern. The U.S. EPA has 
established guidelines that require that impurities of concern, such as N-
nitrosoamines, ethylenedibromide and chlorinated dioxins and furans must be 
disclosed. No such compounds are present in copper products. 
 
The primary intentionally added inert or “other” ingredient in liquid copper chelate 
formulations is water. Other formulation ingredients, when included in the end-use 
products, have been reviewed by the U.S. EPA and approved when used for their 
intended purpose, however, these are not reported, as they are confidential 
manufacturing information. 

 
The U.S. EPA has established a category listing system for the “other” (inert) 
compounds used in pesticide formulations. The lists are designated 1, 2, 3, 4a and 4b. 
Compounds are assigned to the various lists according to their toxicological concern 
and to the extent their safety has been reviewed by the Agency. In the case of each 
list, if U.S. EPA determines that a compound is no longer used in any pesticide 
formulation, it will be removed from the list. 
 
List 1 contains eight compounds, which, due to their toxicological profile, require 
special labeling if used in a pesticide formulation. These compounds are generally 
not used in pesticidal formulations any longer. There are no List 1 compounds in the 
copper formulations used in the State of Washington. 
 
List 2 compounds are those for which U.S. EPA has not yet determined a full profile 
but is reviewing existing information. At the completion of their evaluation, it is 
expected that the compounds still in use in pesticide formulations will be moved to 
List 1 or to List 4. List 2 compounds found in some of the copper formulations used 
in the State of Washington include, triethanolamine and diethanolamine. 
 
List 3 contains those compounds which have not been fully evaluated, but which 
have profiles of lesser concern in the U.S. EPA evaluation scheme. It is expected that 
most of these compounds will be moved to List 4 once their evaluation by the 
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Agency is complete. List 3 inert compounds found in some of the copper products 
include, ethanolamine and ethylenediamine. 
 
List 4 is divided into two categories. List 4A contains compounds generally regarded 
as safe for use in pesticide formulations and includes such compounds as corn cobs 
and attapulgite clay. List 4B contains those compounds that have sufficient data on 
file at EPA to substantiate that they can be used safely in pesticide products. 
 
In addition to the above-mentioned review by the U.S. EPA, all registered pesticidal 
end-use products (the products actually applied to the environment to control weeds 
or pests) must undergo a series of toxicological tests to establish their safety. Because 
these tests are performed on the actual end-use formulation, the effects of the “other” 
ingredients are effectively tested simultaneously. This toxicological screen of the 
“other” compounds affords an additional opportunity to examine comparative data on 
the active ingredient versus the end-use product to determine if there is a need to test 
each of them in a complete testing battery. 

 
• Intentionally added inert ingredients 

 
Intentionally added inert or “other” ingredients in copper formulations include water, 
which serves as the primary diluent/solvent in the liquid product and in the chelated 
copper products one or more of the following: monoethanol amine, triethanol amine 
or ethylene diamine. 

 
2.1.2 Color  
 

Color is an end-point observation of the product used to assist in identification. 
 

  Color Citation 
Copper Sulfate, pentahydrate blue-blue green (Phelps, 1997) 
Copper (Complexed) deep blue to purple (SePRO, 2000a,b) 

(Griffin, 1997, 1998) 
(Applied Biochemists, 1997a, b) 

 
2.1.3 Physical State 
 

Physical state is an end-point observation of the product, solid, liquid or gaseous used to 
assist in identification. 

 
 Physical State Citation 
Copper Sulfate, pentahydrate Solid (Phelps, 1994) 
Copper (Complexed) Liquid (SePRO, 2000a,b) 

(Griffin, 1997, 1998) 
(Applied Biochemists, 1997a,b) 
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2.1.4 Odor  
 

Odor is an end-point observation of the product used to assist in identification. Odor may 
also serve as a warning in cases where odorants are added as a safety factor. 

 
 Odor Citation 
Copper Sulfate, pentahydrate None (Phelps, 1997) 
Copper (Complexed) Ammonical (SePRO, 

2000a,b) 
 
2.1.5 Melting Point  
 

The melting point is a physical end point observation used for identification of pure 
compounds and may provide some indication of thermal stability. For the pure active 
ingredient the melting point is not defined, as the product is a liquid. Melting point is not 
applicable to the formulations because they are liquids. 

 
 Mp (°C) Citation 
Copper Sulfate, pentahydrate 110 * (Phelps, 1994) 
Copper (Complexed) N/A N/A 

 * Loses water of hydration 
 
2.1.6 Boiling Point  
 

The boiling point is a physical end point observation for identification of pure 
compounds. The boiling point is not applicable for the solid copper compounds. The 
boiling points for the liquid formulations are essentially the same as water, 100°C, as 
they are aqueous based. 

 
2.1.7 Density, Bulk Density or Specific Gravity 
 

Bulk density is a measure of the weight per unit volume of the product and is useful for 
physical identification or differentiation of two similar products. The value may also be 
needed to calculate application rates in some instances. Density is typically reported as 
grams per cubic centimeter at 25°C. The density of the end-use product is essentially the 
same as the MUP as there is only a small difference in amount of water in the two 
products. 

 
 Density (g/cc) Citation 
Copper Sulfate, pentahydrate 2.284 (Phelps, 1994) 
Copper (Complexed) 1.1 - 1.3 (SePRO, 2000a,b) 

(Griffin, 1997, 1998) 
(Applied Biochemists, 1997a,b) 
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2.1.8 Solubility 
 

Solubility is a physical end point useful for understanding potential environmental 
impact. High water solubility is frequently associated with mobility and affects 
distribution in water and soil. This endpoint is determined for the active ingredient in a 
product and is typically reported as grams per 100 ml water at 25°C. 
 

 Solubility in Water 
@ 30°C (g/100 ml) 

 
Citation 

Copper Sulfate, 
pentahydrate 

83.1 (Phelps, 1994) 

Copper (Complexed) miscible (SePRO, 2000a,b) 
(Griffin, 1997, 1998) 

(Applied Biochemists, 1997a,b) 
 
2.1.9 Vapor Pressure 
 

Vapor pressure is a physical end point useful for understanding the distribution of the 
active ingredient between water/soil and air. High volatility is an indication of potential 
impact in the air compartment. This endpoint is determined for the active ingredient in a 
product and is typically reported as mm mercury (Hg) at a specified temperature. The 
solid copper products all have negligible vapor pressures. 

 
 Vapor Pressure 

@ 25°C 
(mm Hg) 

 
Citation 

Copper Sulfate, pentahydrate Negligible (Phelps, 1994) 
Copper (Complexed) 17 (SePRO, 2000a) 

 
2.1.10 Disassociation Constant  
 

Disassociation constant is a physical end point used to assess the distribution of the 
product in aqueous media. There are no dissociable hydrogens associated with this 
molecule; therefore there is no data to report. 

 
2.1.11 Octanol/Water Partition Coefficient 
 

Octanol/Water partition coefficient is a physical end point used to assess the potential of 
a compound to bioaccumulate in the environment. The value represents the ratio of 
product in octanol versus water at equilibrium at 25°C. Values less than 10 indicate little 
or no likelihood of bioaccumulation. The copper compounds are not soluble in organic 
solvents and are appreciably soluble in water, therefore all Kow's are expected to be very 
low. 
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2.1.12 pH 
 

pH is a physical end point used to identify the product and to assess the potential effect of 
the equilibrium in the environment. For copper sulfate pentahydrate, the value is reported 
for a 0.2 M solution. The value for the end-use product is reported as the value for the 
undiluted product. 
 

 pH Citation 
Copper Sulfate, pentahydrate 
(0.2 M solution in water) 

4.0 (Merck, 1989) 

Copper (Complexed) 8.4 - 11.0 (SePRO, 2000a,b) 
(Griffin, 1997, 1998) 

(Applied Biochemists, 1997a) 
 
2.1.13 Stability 
 

Stability is a chemical evaluation of the product to assess the potential effect of heat, 
light, metals and metal ions on the active ingredient. In the case of copper compounds, 
there can be significant corrosion of metals including iron and aluminum. Copper sulfate 
pentahydrate loses the associated water as the temperature rises until all water is lost at 
>110°C. The coppers are stable to UV light and elevated temperatures such as might be 
encountered in warehouse storage conditions. (Merck, 1989) 

 
2.1.14 Oxidizing or Reducing Action  
 

Oxidizing or reducing action is an assessment of the potential for a compound to react 
with common oxidizers or reducers. Copper, particularly as elemental copper can be 
highly reactive with certain metals, particularly aluminum. 

 
2.1.15 Flammability  

Determination of flammability is measurement of the temperature that will sustain a 
flame and is used to classify the product for hazard in storage and shipping. 
Determination of flammability is not required for technical grade products. The solid 
formulated products are not combustible and the liquid formulated products are aqueous 
and will not support combustion. (SePRO, 2000a,b; Griffin, 1997, 1998; Applied 
Biochemists, 1997a,b) 

 
2.1.16 Explodability 
 

Determination of explodability is measurement of the potential for a compound to 
explode when exposed to physical or thermal shock. Determination of explodability is 
not required for technical grade products or manufacturing-use products. The formulated 
products are aqueous based and are not explosion hazards. (SePRO, 2000a,b; Griffin, 
1997, 1998; Applied Biochemists, 1997a,b) 
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2.1.17 Storage Stability  
 

Storage stability is the physical determination of the stability of the active ingredient 
when stored in its commercial packaging over extended time periods, usually one to two 
years or more. The copper products are known to be stable over extended time periods 
when stored under normal conditions. (SePRO, 2000a,b; Griffin, 1997, 1998; Applied 
Biochemists, 1997a,b) 
 

2.1.18 Viscosity 
 

Viscosity is a physical end-point measurement used to identify the product and to assess 
the ability of the product to be poured or pumped. The measurement is not required on 
technical grade products or on solid products. The viscosity is reported in centipoise at 
20°C. 

 
 cP Citation 
Copper Sulfate Pentahydrate N/A N/A 
Copper (Complexed) 152 at 0°C 

66 at 15°C 
42 at 25°C 
22 at 40°C 

(Cannonberg, 
2000) 

 
2.1.19 Miscibility  
 

Miscibility is a physical assessment of the ability of a formulated product to mix with 
spray oils for use during application. Since the copper products are not labeled for 
application in oil, this data requirement is not applicable. 

 
2.1.20 Corrosion Characteristics  
 

Corrosion characteristics requires the physical observation/measurement of the effects of 
the product on the commercial packaging. Measurements of the weight, deformation and 
strength of the packaging are reported.  

 
2.1.21 Dielectric Breakdown Voltage  
 

Dielectric breakdown voltage is the physical measurement of the effect of an electric arc 
on the stability of the formulated product. This requirement applies only to formulations 
that are applied around electrical equipment or apparatus. As there is no likelihood of 
open electrical apparatus in the aquatic environment, this test is not applicable. 

 
 
1 Data is currently not available from the manufacturer.
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EXECUTIVE SUMMARY 
 
Copper sulfate has a negligible vapor pressure and can be considered to be non-volatile 
(Phelps, 1994). The vapor pressure of the copper-complexes is also very low (17 mm Hg 
at 25° C) and they are generally considered to be non-volatile (SePRO, 2000a). 
However, open containers of the liquid commercial copper-complexes can lose small 
amounts of water due to evaporation (Beste, 1983). Because of this low volatility, the risk 
to the general public from the inhalation exposure to copper is minimal during the proper 
use of copper to control aquatic weeds. This low volatility also means the risk to non-
target terrestrial crop plants and endangered terrestrial plant species is low. However, 
the labels indicate that copper triethanolamine-complexes (Cu-TEA complexes) may 
cause injury to desirable plants. There is a small inhalation risk for copper sulfate and 
commercial copper-complexes. Some inhalation or corrosivity risk from the exposure of 
applicators to sprays containing copper sulfate solutions and/or commercial copper-
complexes is noted in the Material Safety Data Sheets (MSDS). Inhalation of dusts and 
mists of copper salts can result in irritation of nasal mucous membranes or pharynx, and 
may also cause ulceration of the nasal septum. Furthermore, some of the MSDSs for the 
commercial copper-complexes warn that contact with the vapors may be corrosive to the 
respiratory tract and cause irritation with pain, cough and discomfort to the eyes, nose, 
throat and chest. However, Beste (1983) notes that copper sulfate is rarely toxic, and 
copper- ethylenediamine and copper-triethanolamine complexes should not be an 
inhalation hazard because these products have no appreciable vapor pressure. As a 
precaution, applicators should avoid inhalation or direct dermal or eye contact with the 
vapors or dusts from these products and should wear respiratory protection is required 
when concentrations exceed the TLV. 

 
 Copper sulfate and other divalent inorganic copper salts rapidly solvate to cupric copper 

(Cu2+) and sulfate when applied to water. “True” hydrolysis with inorganic copper salts 
does not occur at pHs of 5, 7 and 9. However, once copper has adsorbed to the sediment 
it may be removed by hydrolysis in moving water so that high concentrations on the 
sediment associated with irrigation conveyances does not occur for protracted periods of 
time (Nelson et al, 1969). Copper bound to estuarine sediment is also not expected to be 
a permanent process unless it reacts with sulfides to form insoluble compounds (Teggins 
and Slinn, 1985). Nevertheless, copper is very reactive and tends to adsorb easily to 
inorganic ligands, clay minerals and humus, forming inorganic and organic complexes 
(Sanchez and Lee, 1978; Teggins and Slinn, 1985; Bennett and Cubbage, 1992; Serdar, 
1995; Suedel et al, 1996; Hanson and Stefan, 1984 and Harrison, 1986). Since cupric 
copper does not undergo hydrolysis or photolysis, the main routes of dissipation for 
copper from water are believed to be sorption to the sediment and export from the system 
due to water flow. Both these processes would reduce the amount of copper in the 
aqueous phase. However, sorption does not remove copper from the system; the copper 
has merely been moved from the aqueous phase to the sediment phase and will remain in 
the system indefinitely. Return of copper to the water by direct sediment-water exchange 
may occur during a physical turn-over but this occurs only with copper that is labile 
(easily exchangeable). Studies indicated that only about 5% of the total copper in 
sediment is easily exchangeable (Roper, 1990 in ACP, 1999). 

 
Detailed studies on hydrolysis of the copper-EDA complexes (Komeen® or Nautique™ 
and copper-TEA complexes (K-Tea™, Cutrine®, Clearigate®, Captain™ and Copper 
Control®) are not available. However, Beste (1983) indicates that these products are 
unstable when applied to water with a pH below 6.0. Under low pH conditions the 
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copper chelate could be broken, forming cupric ion (Cu2+) which could subsequently be 
removed from the water by precipitation. Precipitating agents, which remove cupric 
copper from water, include inorganic anions like OH-, S2-, PO4

3-, and CO3
2-,HCO3

- and 
SO4

2- as well as other inorganic and organic complexing agents. Copper is largely 
associated with organic matter at low pHs (4.6 to 6.3) and low alkalinity (1 to 30 ppm 
CaCO3). However, at high pH (7.0 to 8,5 ppm Cu) and relatively high alkalinity (24 to 
219 ppm CaCO3), inorganic species were the more important chelating ligands (Roper, 
1990 in ACP, 1999). The most significant copper precipitate formed in natural waters is 
malachite [Cu2(OH)2CO3] at pH <7.0, tenorite [CuO] at pH > 7.0 and in anaerobic 
conditions, copper sulfide (Cu2 S), copper oxidide (Cu2O) and metallic copper are formed 
and will settle out.  
 

 Aqueous photolysis of copper generally does not occur under natural sunlight conditions. 
However, cupric copper (Cu2+) will be photolytically reduced to cuprous copper (Cu+), 
particularly in seawater. Cu+ will be rapidly oxidized to Cu2+ in fresh (distilled water; 
half-life = <6 minutes) and more slowly in seawater (half-life = 12 hours) because 
cuprous ions are stabilized in seawater by the formation of complexes with chloride and 
possibly with other ions (Roper, 1990 in ACP, 1999). Cuprous copper has precipitated in 
the form of cuprous sulfides, copper bisulfied and/or polysulfides, particularly under 
anaerobic conditions. 

 
 The sorption of cupric copper from the application of inorganic copper salts, including 

copper sulfate, to various substrates is a major fate process in the removal of copper 
from water (Reinert and Rodgers, 1987). Copper is adsorbed to humic substances and 
colloidal material that generally account for the majority of suspended solids. No more 
than 1% of copper is biologically available in natural waters (Sloof et al, 1989 in ACP, 
1999). Copper sorbs to sediment at a very high level at some sites and at a much lower 
level at other sites. This variability in adsorption of copper can be accounted for by a 
number of physical and chemical factors and the partition coefficient (Koc) adjusted for 
organic carbon content ranged from 5 x 104 to 4.63 x 106 L/Kg (ACP, 1999). Harrison 
(1986) reported the level of copper sorption in a variety of ecological conditions. In fresh 
water systems the partition coefficient (Kd) typically ranged from 1,000 to 5,000 L/Kg 
while the Kd ranged from 50 to 570 L/Kg in intact marine sediment and from 250 to 
48,000 in sediment collected from estuarine environments. Factors which affect the 
sorption of metals onto sediment and particles include organic carbon content of 
sediment and water, amount and kind of clays present, particle size distribution, pH and 
copper concentration in the water. The effect of organic matter on sorption is not simple 
and the removal of organic matter from the sediment may increase or decrease sorption 
(Harrison, 1986 and Reinert and Rodgers, 1987). Low octanol/water partition 
coefficients obtained with the commercial copper-complexes indicate that these copper 
EDA and copper-TEA complexes will not readily adsorb to sediment. However, aerobic 
aquatic metabolism studies indicate that Komeen® (an EDA-complex) will rapidly 
partition into the sediment phase from the water phase; 97% of the [14C] EDA-complex 
will partition into the sediment within 6 hours of application. Furthermore, K-Tea™ (a 
TEA-complex) will also rapidly and dramatically partition into the sediment phase from 
the water phase (48% of the [14C] TEA-complex partitioned into the sediment within 6 
hour of application). Since the sediment to water ratio is 1:2 in both these experiments, 
the partition coefficient can be calculated as 63 L/Kg for Komeen® and 11 L/Kg for K-
Tea™. Field studies indicate that large amounts of copper will partition into sediment. 
For example, when copper sulfate is applied to lentic systems over many years (25 to 58), 
the copper concentrations on sediment were high though variable. In the Fairmont Lakes 
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(Minnesota) the maximum sediment concentrations of copper range from 170 ppm Cu in 
Amber Lake to 5,600 ppm Cu in Bud Lake (Hanson and Stefan, 1984. Similar 
observations were made for Komeen® in the Guntersville Reservoir (Alabama) where the 
concentrations of copper continued to increase for 29 days after the application of 
Komeen®. Although this single application of Komeen® only increased the sediment 
copper concentration from 6.0 ppm Cu before application to 8.0 ppm Cu 29 days after 
application, the partition coefficient between sediment and water was as high as 1,024-
fold 8 days after application (Rodgers et al, 1992). The concentration of copper in 
sediment was much higher in a pool treated with Komeen® plus diquat at standard 
treatment rate accumulating on the detritus (sediment). The concentration of copper on 
the sediment increased from 2.0 ppm at the time of treatment to 177 ppm Cu 14 days after 
treatment with the highest partition coefficient being 8,850-fold at 14 days after 
treatment (Winger et al, 1984). After sorption to sediment, copper does not readily 
desorb in lentic systems. Although sorption is probably not permanent, it is long-term 
and is estimated to take as much as 5.0 x 105 years for all of the original copper to be 
removed and replaced by material of other origins (Horne, 1969 in Ecology, 1992). The 
aerobic aquatic studies indicate that the complexing agents in Komeen® and K-Tea™ 
are rapidly degraded by microorganisms to carbon dioxide and/or humic substances for 
Komeen® and carbon dioxide and/or mixed ethanolamines for T-Tea™. However, copper 
itself will not be degraded and may persist on the sediment indefinitely (Spare, 1996a; 
Spare, 1996b and Reinert and Rodgers, 1987). Copper that is bound to sediment is very 
stable and can persist in the field at significant levels for many years after application. 
Copper appears to be biologically unavailable at toxic concentrations to many benthic 
organisms like cladocerans and chironomids but may intoxicate other species like 
mayflies and amphipods (Bennett and Cubbage, 1996). 

 
 Most laboratory and field studies have shown that the half-life of copper in the water 

column is variable. Factors that can influence the dissipation half-life of copper in the 
water column include the nature of the product (copper sulfate, copper-EDA complex or 
copper-TEA complex), the pH, hardness and/or alkalinity of the water, the amount and 
kind of suspended and bottom load sediment and the amount of apparent copper-
complexing capacity. Accumulation of copper from copper sulfate treatments and 
treatments with Komeen® or Cutrine® may be decreased if the flow in the treated water 
body is high (Nelson et al, 1969; Rodgers et al, 1992 and Gangstad, 1986). The half-life 
of copper sulfate in soft (<50 ppm), acidic water is estimated to be approximately 5.5 
days with the concentration of the dissolved copper in the water being ~0.060 ppm,, 
0.036 ppm, and 0.012 ppm Cu at 1, 4 and 18 days after application, respectively. The 
rate of dissipation of dissolved copper salts is much higher in hard water (394 to 921 
ppm CaCO3) with the dissipation half-life typically being 1 to 2 days. However, the 
longest dissipation half-life in these hard water lakes could be as high as 7.0 days. The 
lake with the longest dissipation half-life had lower dissolved organic matter (9.0 ppm), 
intermittent out flow and sandy bottom sediments while the other lakes had higher 
dissolved organic matter concentrations (20 to 28 ppm Cu), continuous out flow and 
heavy clay sediments. For Komeen® in a lake with a rapid turnover, the half-life was 
determined to be 0.565 days with the initial concentration being 0.4 ppm Cu and the 
concentration falling to background levels (0.015 ppm Cu) in less than 1 day. However, it 
is unclear how the half-life was calculated, and more than half of the applied copper as 
Komeen® is dissipated in 6 hours (Rodgers et al, 1992). The estimated half-life for 
Komeen® in the Guntersville Reservoirs (Alabama) is ~0.18 days. In the Inglis Reservoir 
(Florida), the copper-TEA complex (Cutrine®) concentration was 0.04 to 0.032 ppm 1 
day after application and appeared to have a copper dissipation half-life of about 6 days 
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(Gangstad, 1978) with copper dissipating to ~0.0 1 ppm Cu in 7 days and 0.006 ppm Cu 
in 14 days. These values were accepted as definitive since they agreed fairly closely with 
the dissipation half-lives calculated in the aerobic aquatic metabolism studies for 
Komeen® (half-life = 0.07 days) and K-Tea™ (half-life = 7.0 days) (Spare, 1996a and 
1996b).  

 
 The persistence of copper in larger water bodies is mostly governed by sorption and 

transport of treated water and replacement with untreated water through lateral 
circulation or vertical movement of water. In large lakes and reservoirs, sorption and 
high water exchange through inlet and outlet streams and extensive movement of water 
caused by wind will rapidly disperse and dilute copper levels that are near the detection 
limit to below detection limits. However, in small lakes, detectable concentrations (0.03 
ppm Cu.) with the potential to effect more sensitive organisms (salmonid LC50 in soft 
water = 0.015 to 0.032 ppm Cu) may be transported a significant distance down an outlet 
stream for the first 2 to 4 days after application. In addition to sorption, vertical 
dispersion is the dominant mechanism in whole treated lakes while a combination of 
vertical and horizontal water movements contribute to the dispersion and dilution in 
partially treated lakes. Also the half-life and residence time of copper in partially treated 
lakes is expected to be shorter than for whole treated lakes. However, under real 
condition this does not necessarily happen and half-life depends more strongly on the 
hardness, alkalinity, pH, apparent copper-complexing capacity of the water and the 
amount and type of bed- and suspended sediment. For example, pothole lakes in 
Manitoba (Canada) that were treated in their entirety had copper half-lives in the water 
column that ranged ~2 days to ~ 7 days while Sylvia Lake (Washington), which had only 
two-thirds of its surface area treated, had a copper half-live in the water column of 5.5 
days. The length of the half-life in these water bodies was strongly influenced by water 
quality and sediment type (Wagemann and Barica, 1979 and Serdar, 1995). 

 
 Copper is generally considered immobile, with typical partition coefficients that range 

from 50 to 48,000 L/Kg on various sediment types (Harrison et al, 1986). Copper is 
known to adsorb strongly to organic sediments and clays and particularly to pools 
containing a lot of humus (i.e. humic acid and fulvic acid). The copper of copper sulfate 
and Komeen® also noted adsorbs extensively into algae and plants of a treated water 
body particularly if the flow rate is fairly low. Copper from the application of inorganic 
copper salts has adsorbed onto algae and sensitive species of aquatic macrophyte at very 
high concentrations. Copper bioaccumulates on freshwater algae at levels 400- to 
21,000-fold higher than the concentrations found in treated water while copper 
bioaccumulates on marine and estuarine algae at levels of 75- to 27,000-fold higher than 
the concentrations found in treated water (Janus et al, 1989 in ACP, 1999). 
Cyanobacteria (blue-green algae) produce more copper-complexing extracellular 
material when stressed with copper than under normal growth conditions, thereby 
demonstrating a metabolic change that can increase their tolerance to copper (Stokes et 
al, 1973 in Ecology, 1992). Hanson and Stefan (1984) found that blue-green algae can 
adapt to higher copper sulfate dosages and that a shift in dominant species from green to 
blue-green species followed repeated dosages with copper sulfate. Similar observations 
were made by Horne and Goldman (1974). They found that the growth rate of blue-green 
algae was significantly affected by exposure to copper concentrations as low as 0.005 to 
0.010 ppm Cu in Clear Lake (California) but the growth rate of green algae and diatoms 
appeared to be unaffected by exposure to copper at these rates. Some of the more 
sensitive species of plants like Potamogeton foliosus and P. pectinatus may adsorb 
copper sulfate at very high concentrations (up to 4,000 ppm Cu) when treated at 
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standard use rates (eventually succumbing to the effects of this herbicide). Hydrilla 
verticillata has adsorbed Komeen® applied at standard use rates and accumulated 
copper at concentrations of up to ~120 ppm Cu before being adversely impacted by the 
effects of the commercial copper-complex (Hanson and Stefan, 1984 and Winger et al, 
1984). Direct effects occur when the overall productivity of an ecosystem is reduced 
because decreased numbers of primary producers are available for consumption by 
higher food chain organisms. Indirect effects result when algae concentrate copper to 
high concentrations and are consumed by higher trophic levels resulting in sublethal or 
lethal effects on sensitive species (Ecology, 1992 and Harrison, 1986). However, 
Krumholz and Foster (1957) and Mathis and Cummings (1973) indicate that 
concentrations of copper do not biomagnify as copper moves up the food chain from 
phytoplankton to zooplankton or benthic invertebrates to fish. Top level predators like 
fish generally accumulate less copper in their tissue (~50-fold over concentrations in 
river water) than phytoplankton (2,000-fold) or insect larvae (500-fold). 

 
 After the copper has been released from dead and dying algae and aquatic macrophytes, 

it will generally partition into the sediment and be bound for a very long time. Unless 
there is a physical turn-over of the sediment (usually caused by spring and/or fall lake 
turn-overs) or the copper is removed from the sediment by hydrolysis due to rapidly 
moving highly oxized water, copper is not likely to be re-released into the water column 
at concentrations that will effect free-swimming fish and invertebrates (Nelson et al, 1969 
and Sanchez and Lee, 1978). Typical sediments will adsorb copper at concentrations 
ranging from 15 to >5,600 ppm Cu before any significant desorption occurs. Extremely 
high concentrations are seen after treatment of a water body at standard use rates for 25 
to 50 years but accumulations of ~20 to 60 ppm Cu above background (e.g., Sylvia Lake) 
have occurred 18 days after treatment with 0.062 ppm Cu as copper sulfate. Komeen® 
has accumulated on detritus at concentrations of 177 ppm Cu in just 2 weeks after 
exposure to standard use rates in environments with low flow rates and sediment with 
high concentrations of organic material. However, in situations where the flow rate is 
fairly rapid, copper from treatment with copper sulfate or Komeen® has not accumulated 
at concentrations significantly above background levels. Background levels may be as 
low as 3.9 to 8.1 ppm Cu with maximum concentrations ranging from 5.5 to 12.6 ppm Cu 
(Nelson et al, 1969 and Rodgers et al 1992). Higher sediment concentrations may occur 
at levels that will have an adverse impact on benthic organisms. However, even low 
concentrations of copper on sediment (~15 ppm Cu) may have an adverse impact on 
sensitive species like Hyalella azteca if the sediment has a high sand fraction, a high 
redox potential and a low organic carbon content (Deaver and Rodgers, 1996 in Huggett 
et al, 1999).  

 
 Because copper is not likely to desorb and be reactivated unless there is a physical turn-

over or the sediment becomes oxidized or is removed by dredging, the concentrations of 
copper are generally low in both ground and surface water. In the State of Washington 
no copper concentrations that exceeded the limit of detection have been found in public 
water supplies (Department of Social Services, 1988 in Ecology, 1992). However, in a 
few cases, the US Public Health Service (1969 in Ecology, 1992) found that a small 
number of the water supplies (11 of 969 monitored = ~1%) in the United States 
contained copper concentrations above the drinking water standard of 1.0 ppm Cu. The 
highest concentration found was 8.35 ppm Cu. However, EPA (1985) is largely 
unconcerned about copper concentrations in the water supply since physiological 
mechanisms have evolved to control the absorption and excretion of copper which 
operate to offset the effects of temporary deficiency or excess of the metal in the diet. 
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However, further work may be necessary to prevent the manifestation of Wilson’s 
diseases in sensitive individuals. Approximately 15% of Afro-Americans may be at risk 
from copper concentrations found in drinking water at concentrations that are generally 
found to be acceptable [1.0 ppm Cu (Demayo et al, 1984)]. Copper is not likely to 
contaminate ground or surface waters through leaching or run-off since copper binds 
strongly to soil and sediment (EPA, 1985). However, contamination of ground and 
surface water is possible due to spills (mixing of application solutions at wellheads) and 
illegal dumping. Often set-back distances from water intake valves and water sluice gates 
of 400 feet are recommended to prevent drift of copper treated water into areas where 
sensitive plant and animal species are affected, or into the irrigation or potable water 
supply, particularly if the treatment rate is higher than 1.0 ppm Cu. A copper 
concentration in water of 1.0 ppm Cu is generally believed to be safe for potable water 
uses, livestock watering and irrigation. However, the National Academy of Science (NAS 
1977 in Demayo, 1982) has recommended a copper concentration in drinking water for 
livestock and poultry of not higher than 0.5 ppm Cu. Furthermore, Baker (1979 in 
Demayo et al) recommends that the irrigation water concentration of copper not be 
higher than 0.2 ppm Cu on sensitive plants like tobacco and vegetables.  

 
3.0 COPPER 

 
Copper products have been used as herbicides in both terrestrial and aquatic weed control 
for a number of years. Even before these products were officially registered for use in the 
mid 1950s, copper sulfate was used extensively for the control of algae in swimming 
pools, potable water supplies, and weed control in canals and lakes particularly in 
Wisconsin (Lake Monona) and Minnesota (Fairmont Lakes) and New York (Jesse) 
(Smith, 1935; Sanchez and Lee, 1978; Hanson and Stefan, 1984; Gallagher and Haller, 
1990 and Gangstad, 1986). Due to its high profile and increasing use as an aquatic 
herbicide through the mid-1990s, there have been a number of studies conducted since 
the original copper Environmental Impact Statement (EIS) was issued in 1992 to 
determine the fate and behavior of copper in aquatic environments. For ease of reference, 
this update incorporates data from the earlier EIS in addition to information from pre-
1990 sources not cited in that document, and from references published since 1990. In 
addition, several "registration" studies performed by and for registrants are cited. 
 
The Washington State Department of Ecology is considering copper sulfate (Triangle 
Brand® Copper Sulfate and Earthtec®), the copper-EDA complexes (copper•ethylene 
diamine complexes) like Komeen® and Nautique™ and the copper-TEA complexes 
(copper•tritethanolamine complexes) like Cutrine®, K-Tea™, Clearigate® and 
Captain™ and similar materials for use in algae and/or aquatic weed management. Most 
work has been conducted on inorganic copper salts including copper chloride, copper 
sulfate or copper sulfate pentahydrate. However, a limited amount of data is available on 
the environmental fate of Komeen® and Cutrine® primarily in combination with diquat. 
Copper cation (Cu2+) is the active substance in copper sulfate, copper sulfate 
pentahydrate and copper chloride. This is also the active ingredient in the copper-
complexes but the cupric copper concentration from treatment with the copper-complexes 
is generally lower than that found immediately after treatment with copper sulfate 
pentahydrate. Nevertheless, the total dissolved copper concentration from treatment with 
Cutrine® is generally higher than that found after treatment with similar rates of copper 
sulfate. Furthermore, since the cupric copper from Komeen® and Cutrine® acts as a 
“slow release material”, these products may be applied at rates that are somewhat lower 
and less often than is necessary with copper sulfate (Masuda and Boyd, 1983). 

Supplemental Environment Impact Statement Assessments of Aquatic Herbicides: Study No. 00713 
DRAFT Volume 6 – Copper, Section 3 – ENVIRONMENTAL FATE 

Vol. 6, Sect. 3 – Page 8 



Hydrolysis, photolysis and degradation by the action of microbes are normally not 
important factors in the dissipation of inorganic copper salts or the commercial copper-
complexes. The primary mode of dissipation with the copper products is sorption to bed- 
and suspended sediment and export from the system by water flow. Copper will be 
exported from the system if suspended sediment scoured from the bottom of a lotic 
system is transported out of that system by the rapid movement of water. Furthermore, 
under certain conditions (generally acidic and aerobic) copper may be hydrolyzed from 
the sediment into a water soluble form and transported out of the system by water flow 
when copper is released from sediment due to high rates of water flow (Nelson et al, 
1969). Teggins and Slinn (1985) noted that sediment will adsorb up to 2,000 ppm Cu 
copper from water containing excess copper. However, this sorption would not be 
expected to be a permanent process unless the sorbed copper reacted with materials such 
as sulfides or other extremely effective chelating agents to form insoluble compounds 
which cannot be removed from the sediment by hydrolysis or cation exchange. Although 
Teggins and Slinn predicted that copper absorption to sediment is not a permanent 
process, Reinert and Rodgers (1987) state that “sorption does not remove Cu from the 
system; the copper has merely been moved from the aqueous phase to the sediment phase 
and will remain in the system indefinitely.” Attention should be paid to the differences in 
concentrations of copper, the dissipation rate and other results in this section, and data 
generated from sources of copper ion other than copper sulfate pentahydrate, Komeen® 
or Cutrine® should be interpolated with caution when predicting copper behavior in the 
environment. For example, it is generally anticipated that copper from Earthtec® 
Algicide will remain mobile for longer periods of time than that derived from Triangle 
Brand® copper sulfate treatment even though in both cases the active ingredient is copper 
sulfate. Nordhausen® acid is part of the formulation in Earthtec®. Therefore, cupric 
copper would remain in solution for a longer period of time because slightly acidic water 
with low total alkalinity will retard the removal of cupric copper by reaction with 
inorganic chelators like carbonate, hydroxide, cyanide, sulfate, sulfide, phosphate or 
nitrate. Furthermore, the dissipation half-life under similar conditions is very short for 
copper-EDA complexes (0.07 to 0.546 days) while the dissipation half-life is much 
longer for copper-TEA complexes (K-Tea™ and Cutrine®) (~ 6.0 to 7.0 days) (Spare, 
1996a, 1996b; Rodgers et al, 1992 and Gangstad, 1978). 
 

3.1 VOLATILIZATION 
 
Very little data was found regarding copper sulfate volatilization. General guidance from 
EPA indicates that all volatilization data may be waived for copper sulfate since the 
vapor pressure of copper sulfate at 25°C is negligible. It is not anticipated that copper 
sulfate pentahydrate will be toxic through inhalation since this product is not volatile. 
Copper sulfate pentahydrate is extremely soluble (830,000 ppm at 30°C). Since copper 
sulfate is not volatile and the solubility is very high, calculation of Henry’s Law constant 
is not useful since this value would be ~0.0 atm•meter3•mole-1. Therefore, it is not 
anticipated that copper sulfate would partition into the air at concentrations that would be 
high enough to damage terrestrial plants located near to the water body or to pose an 
inhalation hazard to applicators or the general public. However, inhalation of copper 
sulfate dust can result in irritation of the upper respiratory tract, and in excessive 
quantities can cause ulceration or perforation of the nasal septum (Phelps, 1994 and 
Triangle Brand® Copper Suflate Crystal label). Earthtec® is also harmful if inhaled 
(Earthtec® Algicide/Bactericide label).   
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Available data indicate that the vapor pressure for the commercial copper-complexes is 
also negligible. Data from the Material Safety Data Sheets indicates that no appreciable 
vapor pressure occurs with these products at typical ambient temperatures (Cutrine®, K-
Tea™, Clearigate®, Nautique™, Komeen® and Captain™ Labels). The highest typical 
vapor pressure for these products is 17 mm Hg at 25°C and the water solubility is very 
high [miscible in water (SePRO 2000a, 2000b; Griffin, 1996, 1998 and Applied 
Biochemists, 1997a, 1997b)]. If Cutrine® treatments are made at rates of 1.0 ppm Cu in 
the laboratory, the dissolved copper concentration is about twice as high as that for 
copper sulfate applied at the same rate. The concentration of dissolved copper from either 
Cutrine® or copper sulfate treatment is highly dependent upon pH and secondarily on 
alkalinity. Total dissolved copper concentrations from application of Cutrine® increases 
as the pH increases from 6.6 to 8.5 (total alkalinity = 9 ppm CaCO3). Total water 
hardness appears to have no influence on the concentration of dissolved copper in 
solutions containing ~100 ppm CaCO3 total alkalinity. If the alkalinity and pH are held 
constant, the amount of dissolved copper due to the application of Cutrine® or copper 
sulfate remains stable at all water hardness between 19 and 119 ppm CaCO3. However, 
the total dissolved copper concentration has little to do with the toxicity of applied copper 
products. Therefore, the fact that Cutrine® and other commercial copper-complexes have 
greater water solubility than copper sulfate probably has little impact on the effectiveness 
of these products in the control of algae. At similar application rates, Cutrine® and 
copper sulfate had the same concentrations of Cu2+ under the same conditions of pH, 
alkalinity and hardness. The concentration of cupric copper (Cu2+) also decreases with 
increasing pH and increasing alkalinity. The addition of higher concentrations of 
complexing agent like triethanolamine may increase the concentration of dissolved 
copper. It is expected that the amount of complexation between cupric copper and the 
complexing agent will increase as pH increases and the concentration of complexed 
copper will exceed the concentration of cupric copper at pHs above 7.1. However, 
alkalinity by itself does not affect the amount of copper complexed by triethanolamine 
providing that enough copper is added to exceed the equilibrium Cu2+ concentration and 
to saturate all ligands with copper. However, copper in excess of the concentration 
required to satisfy the equilibria involving Cu2+ will form solid malachite [Cu2 
(OH)2CO3] or tenorite [CuO] and precipitate from solution. At pH <7 solubility of copper 
is primarily regulated by malachite, and at pH >7, the solubility of copper is primarily 
regulated by tenorite. However, cupric ion formed from the dissociation of these minerals 
reacts with certain inorganic ligands (OH-, HCO3

-, CO3
2- and SO4

2-) to form soluble 
inorganic complexes and with organic ligands like triethanolamine to form soluble 
organic ligands (Masuda and Boyd, 1983). Since the commercial copper-complexes are 
not significantly volatile and the solubility is very high, calculation of Henry’s Law 
constant is not useful since this value would be ~0.0 atm•meter3•mole-1. However, if the 
solubility of the commercial copper-complexes based on copper concentrations is 
approximately 2-times the solubility of copper from copper sulfate, the Henry’s Law 
constant is estimated to be 8.6 x 10-7 atm•meter3•mole-1. These products can be 
considered non-volatile (Reinert and Rodgers, 1987). Nevertheless, the loss of small 
amounts of water by volatilization from open containers is possible. Therefore, it is not 
anticipated that the commercial copper complexes would partition into the air at 
concentrations high enough to damage terrestrial plants located near to the water body, or 
pose an inhalation hazard to applicators or the general public. Regardless of these 
observations, the labels and MSDS sheets warn that drifts of solutions or sprays 
containing commercial copper-complexes may damage sensitive terrestrial plants and 
applicators should avoid inhaling the vapors or mist. Respiratory protection is required if 
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the airborne concentration exceeds the TLV (6 mg/meter3 formulation or 1 mg/meter3 
Copper).   

 
No additional studies were found regarding the volatility and water solubility of copper 
sulfate or the copper complexes.  
 

3.2 HYDROLYSIS 
 
Summary: Copper sulfate solvates but it does not hydrolyze in water. Hydrolysis, 
therefore, is not considered to be a significant factor in the dissipation of copper sulfate 
from the water column. Since inorganic copper salts cannot be removed by hydrolysis, 
photolysis or the metabolic processes of microbes, the major fate process affecting the 
persistence of copper in aquatic ecosystems would be adsorption and export from the 
system by water flow after copper has been removed from the sediment by hydrolysis of 
labile copper-complexes, particularly when the pH is low and the redox potential is high 
(Reinert and Rodgers, 1987; Huggett et al, 1999 and Nelson et al, 1969). Cupric copper 
can also be removed from clay and peat sediment by a cation exchange process if the 
level of salts is high (Teggins and Slinn, 1985). However, the commercial copper-
complexes like copper-EDA complexes (Komeen®) and copper-TEA complexes (K-
Tea™) are not stable in water with a low pH.  If the pH is below 6.0 the copper chelate 
could be broken, forming a copper ion which could be substantially precipitated in the 
presence of natural organic chelating agents like humus (humic acid, fulvic acid). These 
reactions at low pH will decrease the control of algae and aquatic vascular plants when 
the commercial copper-complexes are used (Beste, 1983 and Harrison, 1986). It is likely 
that cupric copper released from commercial copper-complexes would be removed from 
the water column in the same manner as cupric copper solvated from copper sulfate and 
it may be transported from the system by the flow of water that occurs. In flowing water 
(lotic systems), cupric copper may not adsorb as readily to sediment and often does not 
persist in the sediment as long as in non-flowing water (lentic systems). Copper sulfate is 
considered stable to hydrolysis in sterile buffered water. Therefore, hydrolysis and a 
hydrolysis half-life is not applicable to copper sulfate and appears to be relatively short 
only in highly acidic water for commercial copper-complexes. At higher pH (6.0 to 8.5), 
the commercial copper-complexes are stable and because of this stability, are active for a 
longer period of time than copper sulfate products.  
 
Hydrolysis refers to the chemical interaction of the agrochemical with water as a 
mechanism of agrochemical breakdown. While aqueous or aquatic (the terms are 
synonymous in this review) persistence studies are sometimes conducted in natural water 
bodies, true hydrolysis studies are conducted in laboratories using sterile distilled or 
deionized buffered water so that the chemical effects of an aqueous environment can be 
isolated from biological, sunlight, or sediment interactions. Aquatic persistence in natural 
water is addressed in Section 3.5. 
 
Laboratory hydrolysis studies for EPA submission are typically performed with 
radioactive [14C] copper-EDA or [14C] copper-TEA complexes at pH 5, pH 7, pH 9, 
which correspond to slightly acid, neutral, and mildly alkaline, respectively. These 
studies are conducted in sterile buffered water for a period of 30 days at 25°C (EPA, 
1982). Sampling for breakdown products and the remaining concentration of parent 
material occurs at frequent intervals. Inorganic copper salts, including copper sulfate, 
under go rapid solvation to Cu2+ and SO4

- in water but true hydrolysis has no impact on 
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the dissipation of these inorganic copper salts. Therefore, true hydrolysis studies cannot 
be effectively conducted on copper sulfate  
 
Copper sulfate is very soluble in water and upon solvation forms the cupric ion (Cu2+) 
and sulfate (SO4

2-). Therefore, the copper ion is immediately available as a contact 
herbicide dissolved in the water column. Since copper ion is not hydrolyzed, it remains 
available as a contact herbicide until it is removed from the water by other physical 
methods (sorption to soil, sorption to sediment, or precipitation out of solution as an 
inorganic complex under alkaline conditions or as an organic complex under acid 
conditions). This does not mean that pH has no impact on the activity of inorganic copper 
salts. For example Harrison (1986) has noted that copper toxicity to algal species is very 
low at pHs below 5.0 but increases dramatically (76-fold) between pH 5.0 and 6.5 and 
remains constant from pH 6.5 to 8.0. The reason that the toxicity to algae decreases at 
concentrations below 6.5 is that the hydronium ion (H3O+) competes directly with cupric 
copper (Cu2+) for the site of lesion and pH has an indirect affect on the toxicity of copper 
by determining the size of the free metal pool. The toxicity of copper is strongly 
influenced by pH. At higher pHs there is a lack of extensive competition for the site of 
lesion between hydronium ion and cupric ion but the amount of free metal is decreased. 
Therefore, these two effects balance each other out at pHs between 6.5 and 8.0. At very 
high pH (pH >8.0 and alkalinity >150 ppm CaCO3) the toxicity to both algae and animals 
may be severely decreased since the cupric ion will be removed by complexing with 
hydroxides and carbonate/biocarbonate ions. The form that copper takes varies with pH. 
Cupric copper is dominant at pHs below approximately 5.0 while organo-copper-
complexes (humic acid-copper-complex) dominate at pHs between 6.0 and 8.0. The toxic 
species that dominates at higher pHs (>8.0) is copper dihydroxide [Cu(OH) 2], which is 
considered to be the primary toxic copper species at high pH. The concentration of cupric 
copper in water is much higher at very low pHs (pH <6 to 7) than at higher pHs (pH 7 to 
9) where it will readily complex with various organic chelating agents and may be 
removed from the water column by precipitation onto sediments containing high levels of 
hydrated metallic oxides, organic matter or clay (kaolinite, illite or montmorillonite). As 
seen above, at high pHs copper may also be deactivated but the primary deactivation 
process is through complexation with inorganic chelating agents like hydroxide, 
carbonates, cyanide, phosphate or sulfate particularly when the total alkalinity is higher 
than 30 ppm CaCO3 (Masuda and Boyd, 1983; Demayo et al, 1982 and Wagemann and 
Barica, 1979).  However, Whitaker et al, (1979) found that copper sulfate is still effective 
in controlling difficult algae species like Anabaena flos-aquae while rainbow trout were 
spared at concentrations of 0.025 to 0.04 ppm Cu even in hard (394 to 921 ppm CaCO3), 
alkaline (pH = 8.0 to 9.4) waters. This would not be expected if only cupric copper (Cu2+) 
was toxic to algae. However, other copper species like Cu(OH)2 and CuOH+ are also 
apparently toxic to algae while being markedly less toxic to cold water fish (Wagemann 
and Barica, 1979 and Brown et al, 1974). At pH 5 most of the cupric ions stay in solution 
and the formation of stable cationic complexes can prevent the precipitation of sparingly 
soluble hydroxide species which become associated with clay in alkaline media. Also 
protonated ligands can compete for adsorption sites, thus reducing the sorption of metal 
ions on clay materials. As the pH increases to about 7, most of the copper was 
precipitated and/or sorbed.  

 
3.2.1 Half-life 

 
EPA (1985) reviewed copper environmental fate literature. They cited early references 
indicating that copper sulfate remains dissolved and labile for only a few days after 
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application. In the 1985 Registrations Standard, EPA has indicated that no data has been 
submitted to determine the stability to hydrolysis or the half-life of copper sulfate due to 
hydrolysis, but that all data is required. It is unclear, why hydrolysis studies would be 
required on this inorganic copper salt since copper sulfate is extremely soluble in water 
(83,000 ppm) and does not truly hydrolyze although it undergoes complete solvation 
separating cupric copper as Cu2+•6[H2O] from sulfate by a shell of water molecules in 
just a few minutes. The commercial copper-complexes may not undergo true hydrolysis 
either but due to dissociation of the complexing agents like HTEA or HEDA to H+ + 
TEA- or H+ + EDA-, the complexing agents may more readily form complexes with 
copper (Cu-TEA or Cu-EDA) at higher pHs. For example, at a pH of 7.1, cupric copper 
(Cu2+) will be in equilibrium with Cu-TEA and at pHs above 7.1 the concentration of Cu-
TEA should exceed the cupric copper concentration. Under preferred use conditions 
(alkalinity ~30 ppm CaCO3 and pH >7.1 to about 8.5), the concentration of inorganically 
complexed copper (particularly CuCO3) should exceed the concentration of the Cu-TEA 
complex and Cu2+ (Masuda and Boyd, 1983). These observations lead to the conclusion 
that the commercial copper complexes like Komeen® and Cutrine® should not be 
applied when the pH of the water is less than 6.0 or the alkalinity is less than 50 ppm Cu. 
Under low pH conditions the copper-complex may be broken and the cupric copper 
precipitated after formation of complexes with natural organic complexing agents like 
humic acid and fulvic acid (Beste, 1983). Under low alkalinity conditions, even at high 
pHs, there may not be enough inorganic chelating agents, like CO3

2-, to detoxify the 
cupric copper, and while algae may be controlled effectively under low alkalinity 
conditions, the toxicity of the applied commercial copper-complexes is known to be high 
to fish (particularly salmonids, striped bass and catfish (Tables 8A and 18 of Volume 6, 
Section 4). Copper sulfate and the commercial copper-complexes may be removed from 
water by sorption to sediments, sorption to seston (suspended sediment) found in the 
water column, and sorption onto organic and inorganic components of sediment. 
However, sorption by soil is generally more rapid for copper sulfate than for commercial 
copper-complexes like Komeen® or Cutrine®. Furthermore, the precipitation process is 
facilitated by the presence of soil and sediment and is expected to be faster in the 
presence of soil/sediment than in its absence.   
 
Photo-degradation is not anticipated for the inorganic copper salts including copper 
sulfate. EPA (1985) has waived photo-degradation studies with copper sulfate since these 
pesticides are inorganic compounds and are not expected to photolyze in water. No data 
on photolysis has been found with the commercial copper-complexes. However, the 
complexing agents like EDA in Komeen® or TEA in K-Cutrine® may be affected by 
exposure to light and could possibly form degradates from photo-oxidation, photo-
degradation or photo-rearrangements of these organoamines. However, Beste (1983) has 
reported that both Komeen® and K-Tea™ are relatively resistant to decomposition by 
ultraviolet irradiation; they are classified as stable to light. 
 
Since no true hydrolysis studies have been conducted with copper sulfate or the 
commercial copper-complexes, we have not presented any data in tabular form to cover 
the effects of pH on the form or rate of formation of cupric copper from commercial 
copper-complexes from exposure to various pHs. However, Cutrine® is stable at high pH 
(8) and unstable at low pH (6). At high pH, 76.6% of the HTEA is dissociated to H+ + 
TEA- and rapidly complexes with Cu2+. HTEA is 50% dissociated at pH 7.1. However, at 
low pH only 0.82% of the HTEA dissociates, so complexation with copper does not 
readily occur. Therefore, free copper (Cu2+) is more readily available to control algae and 
aquatic vascular plants or kill fish at low pH than at high pH. However, this may not 
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occur when the pH is below 6.0 since at this pH the complex may be broken and cupric 
copper removed from the water column by precipitation with natural organic chelators 
like humic acid. Furthermore, as was discussed by Harrison (1986), copper may be 
ineffective at low pHs in controlling the target organisms (algae and aquatic vascular 
plants) since hydronium ion competes with cupric copper ion for the site of lesion and, 
therefore, antagonizes the toxicity of copper against aquatic vegetation. For example, the 
toxicity of copper to the green algae Scenedesmus quadricauda is 76-fold lower at pH 5.0 
than 6.5. However at pH 6.5 - 8.0, the toxicity of cupric copper to this green algae 
remained constant. At these intermediate pHs, the decrease in competition between Cu2+ 

and hydronium ion (H3O+) and the decrease in Cu2+ apparently counter balance each other 
so that the efficacy in algal control is similar at all pHs in this range (pH 6.5 to 8.0). 
Apparently, the effects of hydronium ion affects toxicity directly by competing with 
cupric copper ions for cellular uptake sites and indirectly by determining the size of the 
free metal pool. It is unclear how rapidly cupric copper complexes with TEA- .  
 
If degradation did occur, the hydrolysis half-life can be predicted by the following pseudo 
first-order rate equation: 
 
 T(1/2) = 0.693/(K) 

where K = pseudo first order acid or base hydrolysis rate constant (day-1) 
   
Since the [OH- or H3O+] concentration is high relative to the concentration of the 
herbicide that is affected by acid or base hydrolysis their concentrations can be ignored.  

 
The pseudo first order hydrolysis rate constant is essentially zero since copper sulfate and 
the commercial copper-complexes do not under go true hydrolysis. It is unclear how 
much time it takes for the complexing agents like HTEA or HEDA to dissociate from 
hydrogen to form H+ and TEA or EDA. The pH of most natural waters is approximately 
6 to 9, particularly during the summer months. Therefore, copper is expected to have 
different dissolved dominant species at different pHs. For example, cupric copper and 
organo-copper-complexes are expected to be the dominant forms at pH 6.0 to 7.0 with the 
concentrations being ~25% to 5% for cupric copper and ~50% to 70 % for organic 
copper. At pHs between 7 and 8, the inorganic copper-complexes and organic copper-
complexes are expected to dominate with concentrations of inorganic-copper-complexes 
and organic copper-complexes being ~20% to 40% and ~70% to 50%, respectively. At 
pHs between 8 and 9 the inorganic copper-complexes and organic-complexes are still 
expected to be the dominate dissolved copper species with inorganic complexes and 
organic copper-complexes being ~50% to 85% and ~50% to 10%, respectively. 
Generally, the organic copper-complexes are not considered as part of the total toxic 
copper and the copper carbonate complexes are not considered as part of the total toxic 
copper. The main species of copper that are considered as part of the total toxic coppers 
dissolved in water after addition of copper sulfate include cupric copper (Cu2+), copper 
hydroxide (CuOH+) and copper dihydroxide (Cu(OH) 2 which have combined total toxic 
copper concentrations of ~9% to >75% between pH 6 and 9 (Table 3.2.1).  
 
As previously discussed, it is unclear how much time it takes for copper-EDA or copper-
TEA complexes to reach equilibrium with cupric copper at various pHs. However, at low 
pH (pH = 6) only 0.82% of applied the HTEA complexing agent is found in its 
dissociated state. At pH of 7.1, 50% of the applied complexing agent is found in its 
dissociated state and at pH of 8.0 approximately 76.6% of the applied complexing agent 
is found in its dissociated state. When HTEA is extensively dissociated at high pH (8.0), 

Supplemental Environment Impact Statement Assessments of Aquatic Herbicides: Study No. 00713 
DRAFT Volume 6 – Copper, Section 3 – ENVIRONMENTAL FATE 

Vol. 6, Sect. 3 – Page 14 



the concentration of cupric copper (Cu2+) is low (~10-8 M = 6.4 x10-4 ppm Cu) while at 
low pH (6.0,), the concentration of cupric copper was much higher (~1 x 10-5 M = 0.64 
ppm Cu). Copper is not expected to degrade in the aquatic ecosystem. However, it is 
expected to adsorb directly onto sediment and into sensitive plants and algae. Copper 
sulfate and Cutrine® produced the same equilibrium concentration in the water column 
after exposure to the same amount of sediment of various types. For example, when 
copper sulfate or Cutrine® was dissolved in 20 liters of tap water at 0.5 ppm in the 
presence of one-Kg soil, complete equilibrium in the water column was obtained within 2 
weeks. The concentration of copper at equilibrium was approximately 0.339 to 0.456 
ppm on various soil types with both copper sulfate and Cutrine®. However, the rate of 
adsorption was much higher on soils with high organic matter (5%), high clay content 
(50%) and high cation exchange capacity (4.5 meq/100g) than on soils with low organic 
matter content (<0.1%), high clay content (43%) and intermediate cation exchange 
capacity (1.23 meq/100 g). The rate of adsorption was a little higher in the latter soil than 
in sand (0.5% organic matter; 10% clay and 0.75 meq/100 g CEC). The rate of adsorption 
on these 3 soils was 0.326 to 0.506, 0.274 to 0.278 and 0.208 and 0.240 day-1, 
respectively (Masuda and Boyd, 1983). The time for the soil to reach half-saturation was 
2.1 to 1.4, 2.5 and 3.3 to 2.9 days.  Copper from copper sulfate may also adsorb to very 
high concentrations on algae and aquatic vascular plants. The more susceptible species 
usually adsorbed copper more extensively than less susceptible species. For example, 
Potamogeton foliosus and P. pectinatus adsorb copper from standard copper sulfate 
treatments at concentrations of up to 4,000 ppm Cu before succumbing to treatment. The 
high level of adsorption necessary before death occurs in these plants indicates that 
prolonged treatment is necessary for aquatic weed control, particularly when the weeds 
are well established (Hale, 1972 in Hanson and Stefan, 1984). Copper is likely to be 
released into the water column after these plants die and start to decay. However, due to 
the rapid adsorption of copper by the sediment, it is unlikely to remain in the water 
column at concentrations that will adversely impact zooplankton and free-swimming fish. 
However, since the concentration of copper can accumulate to very high levels on the 
sediment (170 to 5,600 ppm Cu in the Fairmont Lakes, 180 to 1100 ppm Cu in Lake 
Steilacoom and 80 to 258 ppm Cu in Lake Sylvia), decreases in the numbers and 
diversity and changes in the dominant organism are likely to occur in benthic organisms 
and particularly with infaunal species. The Ontario Provincial Guidelines (1992 in 
Serdar, 1995) note that copper sediment concentrations of higher than 110 ppm Cu are 
likely to have a severe effect on sediment organisms and copper products should not be 
approved for use when these conditions exist. The rate of dissipation after association 
with sediment that might typically be found in the environment would be expected to be 
very long. Reinert and Rodgers (1987) have noted that after copper has been adsorbed by 
the sediment it will remain in the sediment for an indefinite period of time. Since it has 
been estimated by Horne (1969 in Ecology, 1992) that it would take 5 x 105 years for all 
of the copper element to be removed and replaced by materials of other origins, 
adsorption of copper to sediment would be irreversible unless a change in the redox 
potential, a physical overturn of the sediment, or scouring and hydrolysis due to a rapid 
flow removed the copper from the sediment. In some cases where the concentration of 
copper is high in the surface sediments (~250 ppm Cu), long-term copper treatments had 
no adverse effect on aquatic organisms in Lake Monona, Wisconsin (Sanchez and Lee, 
1978). Masuda and Boyd (1983) estimate that copper sulfate and Cutrine® applied at 
concentrations of 0.4 ppm Cu would be dissipated from a water body to relatively 
harmless concentrations (0.1 ppm Cu) in 4.31 and 6.3 days, respectively. This data is 
based on laboratory dissipation data. In the field it is anticipated that the dissipation time 
will be much shorter since plants and bacteria can remove copper from the water column 
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(Toth and Riemer, 1968 in Masuda and Boyd, 1983). With Cutrine®, bacteria will 
degrade the organic ligand (TEA) of the chelated algaecide since conditions for attaining 
equilibrium between Cu2+ and mineral forms (CuOH+, Cu(OH)2, Cu2(OH)2, Cu(CO3)2

2+ 

CuCO3] are probably better in the field. For example, 95% of a surface treatment with 
copper sulfate dissolved in the top 1.75 meters of water and the total copper 
concentration fell to background levels within 24 hours of treatment (Button et al, 1977 
in Masuda and Boyd, 1983). Even repeated treatments of ponds at 0.845 Kg/ha (0.75 
lb/acre) for 10 times in a 2-week interval did not cause an appreciable increase in the total 
copper concentration (Tucker and Boyd, 1978 in Masuda and Boyd, 1983).  
 

3.2.2 Degradation Products 
 
• Degradation Products 
 

There are no significant degradation products due to the hydrolysis of copper sulfate. 
However, solvation of copper sulfate produces cupric copper (Cu2+) and sulfate 
(SO4). Under acid and neutral conditions, cupric copper may be extensively 
inactivated by the formation of complexes with natural organic chelators. Some of 
these natural organic chelators are amino acids, amino sugars, polypeptides, humic 
substances (humic acid and fulvic acid), alcohol, ureas, and high to intermediate 
molecular weight organic molecules and sewage (processed waste water effluent). 
Humic substances and effluent from wastewater and sewage processing plants seem 
to be especially effective in inactivating copper. For example, humic substances at 
concentrations of 1 to 2.0 ppm decrease the toxicity of inorganic copper salts, 
including copper sulfate, to Daphnia pulex , Pacific oyster and rainbow trout. Sewage 
effluent, at levels representing 25% to 100% of the sewage treatment plant effluent 
stream, has decreased the toxicity of added copper to Coho salmon and increased 
survival time in rainbow trout exposed to copper at concentrations up to 2.0 ppm Cu 
[Harrison, 1985, Brown et al (1974) and Buckley, 1983]. It is clear that increases in 
the apparent copper-complexing capacity of the water, due to the presence of organic 
chelating agents, is responsible for this decrease in toxicity of added inorganic copper 
salts (Harrison, 1986 and Buckley, 1983). At neutral to basic pH, complexation with 
inorganic chelating agents appears to be important in deactivating added inorganic 
copper salts. Some of the natural inorganic chelators include carbonates, chlorides, 
sulfates, sulfides, phosphates and nitrates. It is likely that increases in alkalinity will 
increase the complexation of cupric copper to certain inorganic complexes including 
carbonates and hydroxides. However, increases in hardness alone are unlikely to 
decrease the toxicity of added inorganic copper salts because Ca2+ and Mg2+, which 
contribute hardness to water, do not participate in any of the copper equilibria. 
However, total alkalinity effects the dissolved copper concentration by providing 
ligands. Therefore, alkalinity may indirectly effect the toxicity of added inorganic 
copper by complexing Cu2+. Nevertheless, assuming that Cu2+ is the form of copper 
that is toxic to plants, alkalinity does not directly influence copper toxicity. It is the 
Cu2+ concentration and not the total dissolved copper concentration that is the 
important variable in determining the toxicity of added copper, and if enough copper 
is applied to satisfy the apparent copper complexing capacity of the ligands, the Cu2+ 

concentration is established by the pH. The toxicity of added copper to plants is 
related to the total alkalinity concentration because pH usually rises with increasing 
total alkalinity (Masuda and Boyd, 1983). There has been considerable disagreement 
on what species of inorganic copper salts contribute to the total toxic copper 
concentration. While most authors agree that Cu2+, CuOH+ , Cu2(OH)2

2+
 and possibly 
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Cu(OH)2 contribute to the total toxicity of copper in water, other authors indicate that 
CuCO3, malachite [Cu2CO3(OH)2] and cuprite (Cu2(O)] may also be somewhat toxic 
to fish. However, toxicity of CuCO3 and Cu(OH)2 to fish seems unlikely in light of 
the decreases in toxicity seen when the alkalinity exceeds 150 ppm CaCO3 and/or the 
pH rises above 8.5 to 9.0. The added sulfate from copper sulfate treatment may serve 
as an electron acceptor if high numbers of facultative anaerobes are present. They 
may also produce hydrogen sulfide that may react with ferrous iron to form ferrous 
sulfide (FeS). FeS may then contribute to increased phosphate levels in the water 
body by accelerating the loss of iron and increasing the regeneration of phosphates 
from the sediments or preventing iron from removing phosphate from the 
hypolimnion.  

 
Upon solvation at low pHs (<6.0), chelates of copper-EDA complexes like Komeen® 
or Nautique™ and copper-TEA complexes like K-Tea™, Cutrine®, Clearigate® or 
Captain™ may be broken, releasing cupric copper (Cu2+ ) and protonating organic 
complexing agents like EDA and TEA to HEDA and HTEA. Furthermore, since 
most of the copper-TEA complexes contain mixed ethanolamines, HDEA 
(protonated diethanolamine) and HMEA (protonated monoethanolamine) may also 
be released if the copper chelate is broken (Beste, 1983). Similar to copper sulfate, 
Cu2+ may be complexed with natural organic complexing agents and precipitated out 
of solution under acid conditions. Under conditions where effective populations of 
sediment bacteria exist, Cu-EDA is rapidly bound to the sediment and 65% of the 
applied [14C] EDA becomes associated with and possibly converted to humic 
substance in 30 days. However, only 8% of the applied [14C] EDA was converted to 
carbon dioxide. The remaining Cu-EDA was extractable intact from the sediment 
(23%) or remained dissolved in the water (2%) (Spare, 1996a). Cu-TEA is rapidly 
adsorbed to the sediment in a similar manner, and then the [14C] TEA is rapidly 
metabolized to DEA and MEA followed by mineralization to carbon dioxide so that 
less than 12% of the applied [14C] TEA remains in the water after 30 days. Forty five 
percent to 64% of the applied [14C]-label was associated with the sediment but was 
removable by acid hydrolysis, which released TEA, DEA and small amounts of 
carbon dioxide (Spare, 1996 b). At higher pHs (>7.1), Cutrine® (a Cu-TEA complex) 
has a tendency to remain in its complexed form and as the concentration of Cu-TEA 
increases, the Cu2+ decreases as the water becomes more alkaline (pH 7 to 10). Under 
these basic conditions, the commercial copper-complexes will gradually release 
cupric copper, which is chelated by the aforementioned inorganic chelators [forming 
CuCO3 Cu(OH)], especially at total alkalinities that exceed 30 ppm CaCO3 (Masuda 
and Boyd, 1983).  

 
 

Supplemental Environment Impact Statement Assessments of Aquatic Herbicides: Study No. 00713 
DRAFT Volume 6 – Copper, Section 3 – ENVIRONMENTAL FATE 

Vol. 6, Sect. 3 – Page 17 



Table 3.2.1: Calculated Distribution of Dissolved Copper at Various pHs after Treatment 
with Copper Sulfate1. 

 
pH % of Copper Species specified 

 Non-toxic Copper Total Toxic Copper 
 Organo-Cu 

complexes 
Cu(CO3)2

-2 CuCO3 Cu2+ CuOH+ Cu(OH)2 

 
Total 
Toxic 

Copper 

5.0 7.0 ND2 ND >90 ND ND >90 
5.5 20.0 ND ND 70 ND ND 70 
6.0 52.0 ~1.0 5.0 23 ~1.0 ND 24 
6.5 70.0 ~1.0 12.0 7 ~1.0 ~1.0 9.0 
7.0 72.0 ~1.0 15.0 5.0 ~1.0 5.0 11.0 
7.5 67.0 ~1.0 17.0 2.0 ~1.0 12.0 15.0 
8.1 51.0 1.1 14.0 0.16 0.66 33.0 34 
8.5 36.0 1.0 6.4 0.05 0.45 56.0 57 
9.0 12.0 3.0 5.0 ND ND >75.0 >75 
9.4 5.0 1.7 1.3 <0.02 0.09 92.0 >92 

10.0 3.0 1.0 1.0 <0.02 ND >92.0 >92 
 

1 Wagemann and Barica, 1979 
2 ND = Not determined 

 
 

3.3 AQUEOUS PHOTOLYSIS 
 
As with hydrolysis, photolysis testing is carried out in a laboratory. Vessels containing 
solutions of the herbicide in sterile distilled or deionized and buffered water are irradiated 
with either a mercury vapor lamp or natural sunlight. Identical vessels are kept in the dark 
for the duration of the study and also sampled in order to compensate for the effects of 
any hydrolysis occurring.  
 
Aqueous photolysis studies were not required as of the 1985 EPA Registration Standard 
for copper sulfate because these pesticides are inorganic compounds and not expected to 
undergo photolysis in water. The commercial copper-complexes are ligands of cupric 
copper (Cu2+) and organic amines (EDA, TEA, DEA or MEA) and are generally 
considered to be stable to light. Therefore, they are also not expected to photolyze in 
water (Beste, 1983). However, without additional work, photoxidations and/or 
destruction and/or rearrangement of the organic amine salts, once the copper chelate has 
been broken, cannot be eliminated.  
 
It has been reported that cupric copper (Cu2+) can be photolyticly reduced to cuprous 
copper (Cu+), particularly in seawater. Chloride ions may stabilize the cuprous ion 
through complex formation. In seawater, up to 15% of the copper may be present as 
cuprous copper. Furthermore, the highest concentrations of cuprous and cupric copper 
was found in the surface layers of seawater lending additional support to the theory that 
sunlight increases the prevalence of cuprous ions. Cuprous copper is rapidly oxidized to 
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cupric copper in freshwater due to the high level of dissolved oxygen found in 
freshwater; the half-life of cuprous copper in freshwater is very short (<6 minutes). 
However, in seawater, the half-life of cuprous copper is much longer (12 hours) since it is 
stabilized primarily by the formation of complexes like CuCl, and the fact that the 
dissolved oxygen content in seawater is somewhat lower than in freshwater. 
  

3.4 DEGRADATION AND PERSISTENCE - SOIL 
 
Summary: Copper is essential to the growth of certain fungi and the normal growth of 
green plants. Although plant requirements for copper are very low, there are many 
instances of naturally occurring copper deficiencies. When soils are deficient in copper 
for proper plant growth, fertilizers containing copper may be added to mitigate the 
effects of low copper. For example, copper may be added as a micronutrient at 2 to 50 
lbs C/acre for fruit trees, onions, leafy vegetables, forage grasses, corn, sorghum and 
small grains. Dosages as high as 3.0 kg Cu/ha (2.7 lbs Cu/acre) of copper sulfate, copper 
EDTA, copper lignin sulfonate or copper flavonoids have been sprayed on soils to 
correct copper deficiencies (Ecology, 1992). Copper may also be added to soils by the 
use of pesticides to control helminthiasis worms in orchards and to control weeds, fungi, 
insects and disease-causing microbes that infest various crops. Copper may be 
incidentally added to soil due to irrigation with water that has been treated with 
commercial copper products at rates up to 1.0 ppm Cu for the control of algae and 
aquatic vascular plants and may also accumulate in soil due to run-off from other treated 
sites. Copper toxicosis is rarely seen in plants and is almost never observed under 
natural conditions (EPA, 1985 and Ecology, 1992). However, copper toxicity in plants 
has been associated with total copper concentrations in soil ranging from 150 to 400 
ppm Cu. More sensitive plants (tobacco and vegetables) start showing signs of toxicity 
when the soil contains 0.1 to 0.3 ppm Cu for tobacco and 25 to 50 ppm Cu for some 
vegetables (Demayo et al, 1982). Sandy soils appear to be less able to sequester copper 
in soil than fine soils with a high cation exchange capacity. 2.6 ppm Cu can be applied 
for 5 to 10 years without reaching toxic levels for most terrestrial plants and this same 
concentration could be applied to fine soils with a high cation exchange capacity for up 
to 60 years without reaching toxic levels for most plants. Based on this data, it is 
recommended that the maximum concentrations of copper in irrigation water should not 
be higher than 0.2 ppm Cu for continuous use or 5.0 ppm for short-term use on fine soils 
(Baker, 1974 and Berry and Wallace, 1974 in Demayo et al, 1982). However, the EPA 
(1985) and Environment Canada (1981 in Demayo et al, 1982) have determined that 
concentration of up to 1.0 ppm Cu in irrigation water used continuously should be safe 
for most crops. However, on sensitive crops (vegetables and tobacco) the highest 
concentration of copper in irrigation water should not exceed 0.2 ppm Cu.  
 
Gangstad (1986) noted that when copper is applied to irrigation ditches at rates of 2.5 to 
8.9 lbs/hr for 3.5 to 24 hours per day that the concentration of copper in irrigation water 
usually remained low (0.50 ppm Cu) during the treatment period. Furthermore, the 
typical concentration of copper in irrigation water was much lower (0.01 to 0.2 ppm Cu) 
than the highest concentrations indicated above, which only occurred when the treatment 
rate was extremely high (~9 lbs Cu/hr) and the flow rate was 24 feet3/second. Under 
these conditions 60% of the copper remained in the ditch bottom and the average amount 
of copper added to the soil through irrigation was 0.2 lbs/acre per season. At this rate of 
copper addition, not more than 0.1 ppm Cu would be added to the top six inches of soil 
during each season. During 3 years of irrigation with water treated with the maximum 
use rates of copper sulfate, there was no increase in the copper concentration in the soils 
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through 1 season or over the 3-year study period. Therefore, this low level of copper 
addition would not be expected to be a hazard to crop production since copper is 
essential to all crops.  
 
Masuda and Boyd (1983) have indicated that copper from copper sulfate or Cutrine® 
adsorbs readily on all soils tested at similar concentrations (copper concentration in 
water at equilibrium = ~0.4 ppm Cu. Copper is adsorbed at a faster rate on soils with 
high organic matter, high clay content and high cation exchange capacity than on soils 
with low organic matter, high clay content and intermediate CEC or sandy soil with low 
organic matter, low clay content and low CEC. Data from Sanchez and Lee (1978), 
Teggins and Slinn (1985) and Beste (1983) indicates that copper adsorbs readily on 
sediment containing clays and humic materials and is also precipitated as insoluble 
copper hydroxides, phosphates or carbonates, particularly under high alkalinity and high 
pH conditions. It is anticipated that copper will also adsorb readily to soil although the 
only studies conducted to determine mobility of copper on soil were not conducted in a 
manner where the amount of adsorption could be easily determined (EPA, 1985). 
However, our estimates of the adsorption coefficient (Kd 350 to ~950 L/Kg) from this 
study indicate that adsorption cannot be easily explained by organic carbon content or 
cation exchange capacity. The highest Kd (967 L/Kg) was seen on soils with relatively 
low organic matter content (2.2%) and CEC (6.8 meq/100g) and soils with much higher 
organic matter content (13.2%) and CEC (51.5 meq/100g) did not adsorb copper at any 
higher rates (Kd = 950 L/Kg). However, based on the toxicity of copper (LC50 = 262 
ppm Cu and LC50 = 15.9 ppm Cu) to Hyalella azteca on silt sediment (80% silt; RE = 4.0 
mV; % organic carbon = 1.7%) versus sand sediment (>95% sand; RE = 125 mV; % 
organic carbon = 0.02%) it appears that copper is less biologically available on silt 
sediment, where the particles are finer and the organic carbon content is higher (Huggett 
et al, 1999). However, based on the observations of Harrison (1986), sorption of copper 
to soil or sediment is a complex reaction and insufficient data are available to completely 
understand the behavior. For example, the effects of organic matter on the binding of 
copper is not simple and removal of organic matter from sediment or soil may increase 
or decrease sorption, depending on the number of binding sites available in the soil 
sediment.  
 
Unidentified mixed species of sediment microorganisms in laboratory aerobic aquatic 
studies degrade the complexing agents of Cu-EDA (like Komeen®) and Cu-TEA 
complexes (like K-Tea™) to carbon dioxide. [14C] EDA is degraded to humic substances 
(65% of applied 14C -label) and carbon dioxide (8%) within 30 days of application. [14C] 
TEA is also rapidly metabolized to [14C] DEA and [14C ] MEA in aerobic aquatic studies 
followed by mineralization to carbon dioxide. Thirty days after treatment with K-Tea™, 
45% to 64% of the applied [14C] label was recovered from the sediment as TEA, DEA 
and a small amount of carbon dioxide (Spare, 1996a and 1996b). Similar aerobic soil 
studies have not been conducted. However, it is anticipated that saturated soil or soil 
with a water content that is above the wilt-point (the amount of water in soil below which 
plants will wilt) will also degrade these organic complexing agents. However, cupric 
copper (Cu2+) and other forms of copper found in the soil will not degrade, but may be 
removed from the soil through adsorption by resident plant species. Based on the toxicity 
of copper to terrestrial plants, it is estimated that copper adsorbs readily to sand and fine 
textured soil with a high cation exchange capacity or high organic carbon content. 
  
Although copper from copper products is not degraded by algae, fungi or other microbes, 
it may affect these organisms. Copper may be toxic to sensitive microbial species. If 
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copper is toxic to species that typically fix nitrogen, it may be necessary to add fertilizers 
that contain nitrogen to avoid deficiencies in crop plants. Some species of algae 
(Anabaena and Aphanizomenon) can have their ability to fix nitrogen largely eliminated 
by concentrations of copper in water that are as low as 0.005 to 0.010 ppm Cu. The 
decomposition of organic matter, the nitrogen and phosphorous mineralization rates and 
the activities of soil urease and acid phosphatase decreased linearly with the logarithm 
of the copper plus zinc concentrations. If the concentrations of copper in the humus layer 
were as high as 300 ppm Cu, the nitrogen mineralization rate was reduced by 50%. Some 
reduction in this nitrogen fixation was noted at concentrations as low as 50 ppm Cu 
(Demayo et al, 1982). On some strains of microbes isolated from agricultural soil, a 
number of fungi and bacterial species may be adversely impacted by copper at a very low 
concentration. For example, sensitive soil strains of Candida glabrata (fungus), 
Pseudomonas syringae, P. fluorescens, Escherichia coli and Xanthonomus campestris 
(bacteria) may be affected by concentrations as low as 0.1mM copper sulfate (6.4 ppm 
Cu). However, resistant strains of these species may not be affected by very high 
concentrations (64 to 448 ppm Cu) (Yang et al 1996 and 1993; Mehra et al, 1993; 
Voloudakis et al, 1993 and Spotts and Cervantes, 1995). Since uncontaminated soils had 
typical copper concentrations ranging from 20 to 50 ppm Cu, the more sensitive bacterial 
species may be adversely impacted by low levels of copper (Demayo et al, 1982). This 
resistance to copper may improve competitive fitness even in soils with a low copper 
content. The copper concentration in soil may be at least as high as 65 ppm on soils 
where copper sulfate was added as fungicides or to combat copper deficiency. Therefore, 
the presence of susceptible or resistant microbes may be important. For soil to be 
functional, it can not be sterilized due to the treatment with products that kill sensitive 
microbes which may be important to maintaining plant health. Although these bacteria 
do not degrade elemental copper, bacteria degrade the organic amine complexes found 
in Komeen® and K-Tea™ and by extrapolation in Nautique™ Cutrine®, Clearigate®, 
and Captain™. Similar species are also known to degrade organic herbicides such as 
2,4-D, endothall, diquat and paraquat. Therefore, depending on the tolerance of the 
resident microbes to elemental copper (as cupric ion), important species of bacteria and 
fungi may survive or be eliminated.  
 
Only the aquatic uses of copper are considered in this document. However, the compound 
is registered for terrestrial applications, which account for more than 60% of the total 
uses in 1982 (EPA, 1985). Data regarding copper persistence in soil (terrestrial field 
dissipation studies) are therefore, required to be submitted to the EPA. However, 
terrestrial field dissipation studies are not yet available for public use and may not have 
been conducted to date. This information has a relevance to accidental terrestrial 
overspray on lake or stream shorelines, and peripherally as an indication of possible fate 
on near-shore lake bottoms exposed by drought or draw-down following a copper 
application.  
 

3.4.1 Half-life 
 
No soil degradation data regarding copper sulfate half-life were found during this review 
(EPA 1985). Broadly summarizing the data, persistence of copper sulfate indicates that 
the half-life or total residence life for this material is very long on soils and sediments. 
The residence time for added copper has been estimated by Horne (1969 in Ecology, 
1992) to be 5.0 x 105 years which confirms the observation of Reinert and Rodgers (1987) 
that once cupric copper has been adsorbed to soil/sediment, it will remain in the system 
indefinitely. 
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In the laboratory, no studies have been done on aerobic soil to determine the half-life of 
copper sulfate or the commercial copper-complexes. The half-life of a copper-EDA 
complex (Komeen®) and a copper-TEA complex (K-Tea™) have been determined in a 
laboratory aerobic aquatic study. However, the water dissipation time for these products 
is not directly relevant to the dissipation time of elemental copper on soil. Since 
elemental copper will not be removed from soil by volatilization or photolysis (Beste, 
1983), the only possibility for elemental copper concentrations to be removed from soil is 
from uptake by terrestrial plants. However, Beste (1983) notes that all copper applied to 
soil will become part of the soils inherent native copper content. The removal of cuprous 
(Cu+) and cupric (Cu2+) copper by plants is controlled by the soil type, composition and 
texture, the microbial activity of the soil, pH, oxidation reduction potential, moisture, 
rainfall and plant species. Copper will be removed from soil by plants more slowly in 
soils with high cation exchange capacity (CEC), high levels of fine particulate 
soil/sediments (silt and clay) or high organic matter concentrations. Furthermore, copper 
uptake by plants will be significantly reduced by heavy additions of lime, which result in 
complexing copper to carbonate and hydroxide ions which makes it biologically less-
available or unavailable. High concentrations of phosphate, manganese, zinc and possibly 
other metals may decrease the rate of copper uptake since these chemicals compete with 
copper for the transport sites on plant roots (Demayo et al, 1982).  
 
In a field study, irrigation water containing copper that was treated with the maximum 
labeled rates of copper sulfate was applied to crop soil throughout the growing season for 
3 seasons. Under this scenario, approximately 0.2 lbs copper/acre was applied to 
cropland, which adds approximately 0.1ppm Cu per season to the top six inches of soil. 
In this case, no increase in soil copper concentrations was seen through 1 treatment 
season or over the 3-year study period (Gangstad, 1986). This low level of copper 
addition would not be expected to be a hazard to crop production since copper is essential 
to all crops. However, higher rates of copper application to control fungi caused a gradual 
increase in the copper from 21 to 63 ppm Cu over a 70-year period. Heavy application of 
copper-containing fertilizers and pesticides over a 50-year period also caused an increase 
in the soil copper concentration from 25 to 130 ppm Cu (Frank et al, 1976  
in Demayo et al, 1982 and Hutchinson et al, 1974 in Demayo et al, 1982). In general, the 
copper concentration in soil decreases in depth and while the concentration of copper 
could be as high as 130 ppm Cu at the surface, it was only 20 ppm Cu at a depth of 30.5 
to 45.7 cm. However, copper was not the only metal that accumulated on soil during 
these copper applications and zinc, cadmium, chromium and nickel accumulated at even 
higher levels during these studies (Lund et al, 1976 in Demayo et al, 1982).  
 
Dissipation of copper was not seen at long-term terrestrial sites and laboratory 
experiments with soil were not conducted. Therefore, it was not possible to determine the 
dissipation half-life of copper on soils.  

 
3.4.2 Degradation Products 

 
Elemental copper (cuprous and cupric copper) is not degraded by physical or biological 
means. However, in heavily limed soils where the pH is high, cupric copper (Cu2+) is 
made biologically less available or unavailable due to the formation of complexes like 
carbonates and hydroxides [CuCO3 Cu(OH)2]. Furthermore, while microbes, fungi and 
plants may decrease the amount of copper in the soil by adsorbing it, these organisms 
cannot degrade the element copper in inorganic copper salts including copper sulfate. 
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However, facultative anaerobic bacteria may use sulfate as a hydrogen acceptor and 
produce hydrogen sulfide. Hydrogen sulfide may effect the soil by lowering the pH, or 
reacting with various metabolically essential divalent metals to form metallic sulfides like 
ferrous sulfide (FeS), covelite (CuS), chalcocite (Cu2S), chalcopyrite (CuFeS2), zinc 
sulfide (ZnS), and nickel sulfide (NiS), which may precipitate out of the soil solution. 
The inactivation of essential divalent metals by the formation of sulfides could potentially 
require the addition of fertilizers containing these metals and the formation of metal 
sulfides is an important detoxification process in sediments and may also be important in 
inactivating toxic metals in soil. Hydrogen sulfide may also react with various divalent 
toxic metals like cadmium, chromium, mercury and arsenic to form sulfides of these 
metals, which may precipitate out of solution. The formation of metal-sulfides (from 
metals and acid volatile sulfides) is important in the detoxification of many toxic metals 
in sediment and may also be important in inactivating toxic metals in soil. However, acid 
volatile sulfides like hydrogen sulfide may not have significant impact on the 
detoxification of copper (DiToro et al, 1990 in Bennett and Cubbage, 1992).  
 
Bacteria and other microorganisms do not degrade elemental copper (cuprous and cupric 
ions). However, bacterial degradation may influence the speciation of organically bound 
copper. Cupric copper may be complexed to the complexing agents of the commercial 
copper-complexes like EDA found in Komeen® or Nautique™ or TEA found in K-
Tea™, Cutrine®, Clearigate® or Captain™. Cupric copper also forms complexes with 
organic materials like amino acids, amino sugars, alcohols, urea and humic substances 
like (humic acid and fulvic acid). The binding of cupric copper to humic substances and 
colloidal material generally accounts for the majority of copper in suspended solids more 
than 1% of the copper in natural waters is biologically available (Sloof et al, 1989 in 
ACP, 1999). Similar complexation of cupric copper to organic complexing agents may 
occur on soils. The complexing agents from commercial copper complexes can be 
degraded with the terminal residue being carbon dioxide. However, as previously 
described, EDA from Komeen® is extensively metabolized in aerobic aquatic systems to 
humic substances including humic acid (12%), fulvic acid (29%) and humin (24%) 
within 30 days of application. Small amounts of carbon dioxide (8%) are also formed 
from EDA in 30 days and only 2% of the applied EDA remains in the water.  TEA from 
K-Tea™ is also degraded in aerobic aquatic systems with 40% of the applied TEA 
converted to carbon dioxide, 8% remaining as DEA, 7% remaining as MEA and 6% 
remaining unmetabolized as TEA in 30 days after application. Only 12% of the recovered 
residues remained in the water and 45% to 64% of the residues remained in the sediment 
and were released by acid hydrolysis primarily as TEA and DEA (Spare, 1996a and 
1996b). It is anticipated that similar routes of degradation for EDA and TEA will occur 
on soils with water levels that exceed the wilt-point.  
 
It is anticipated that some soil fungi and bacteria that are tolerant or resistant to copper 
sulfate could be important in degrading various herbicides like 2,4-D, endothall, diquat or 
triclopyr and other organic pesticides. Strains of Candida glabrata (fungus), 
Pseudomonas syrringae, P. fluorescens, Escherichia coli and Xanthonomus campestris 
(bacteria) that do not possess genes that infer resistance to copper sulfate may be affected 
by concentrations as low as 0.1mM copper sulfate (6.4 ppm Cu). However, resistant 
strains of these species may not be affected by concentrations of copper sulfate that are as 
high as 1 to 7 mM (64 to 448 ppm Cu) (Yang et al, 1996 and 1993; Mehra et al, 1993; 
Voloudakis et al, 1993 and Spotts and Cervantes, 1995). Even untreated soils may 
contain copper concentrations of 20 to 50 ppm Cu. Therefore, it seems likely that the 
concentration of copper on soils that have been treated for control of plant pests or copper 
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deficiency with soil copper concentrations of greater than or equal to 65 ppm Cu will 
adversely impact sensitive species of fungi and bacteria. However, the tolerant species 
may degrade various organic pesticides and their exocelluar enzymes which normally 
contribute to the degradation and mineralization of soil organic matter may be able to 
maintain treated soil in a condition that is suitable for the growth of crop plants. 
However, it is unclear if these extracelluar enzymes will be resistant to the effects of 
copper in a manner similar to living copper-resistant microbes. These extracelluar 
enzymes may be inactivated by the addition of copper and inactivation has occurred in 
laboratory experiments using soil from Ste. Clothilde [Quebec, Canada (Mathur and 
Sanderson, 1978 in Demayo et al, 1982)].  Soil concentrations of copper as low as 7 ppm 
to 388 ppm Cu (soluble copper 3.22 to 144 ppm Cu) have reduced nitrogen 
mineralization (nitrogen fixation), phosphorous mineralization (formation of phosphate) 
and inhibited the decomposition of organic matter (Mathur and Sanderson, 1978 in 
Demayo et al, 1982). Mathur and Rayment, (1977 in Demayo et al, 1982) observed 
similar effects on soils treated with copper. For example, nitrogen mineralization was 
decreased by 50% when the concentration of copper in the soil was 300 ppm and a 
concentration of copper as low as 3-times the background concentration (50 ppm Cu) 
also reduced the nitrogen mineralization rate. Direct application of copper products to 
soil may have direct impacts on the soil metabolism and topography. However, it is not 
anticipated that the use of copper products for the control of algae or aquatic vascular 
plants will have a significant impact on soil metabolism and topography (Ecology, 1992). 
Nevertheless, application of copper directly to soil may be a viable method for mitigating 
the mineralization and subsidence (the permanent lowering of surface elevation = 
topography) of some organic soils. This possibility needs further investigation.  
 

3.4.3 Physical and Chemical Factors 
 

There are several physical and chemical factors influencing the rate of binding for copper 
sulfate and its subsequent dissipation in soil. Among those investigated are pH, 
temperature, presence of other soil constituents and soil moisture, soil microbial 
population, and prior treatment with copper. The last of these is discussed in more detail 
in Section 3.6 
 
• Temperature and pH 
  

The rate of chemical reactions, and most biological metabolic processes, doubles for 
every 10°C increase in temperature. However, since the rate of degradation on soil 
cannot be determined for copper, this is a mute point. For purely physical aspects, all 
reasonable environmental temperature is not anticipated to have significant impact on 
the adsorption of copper to soil or sediment. The pH will probably affect sorption and 
precipitation of copper products that are added to the water. At intermediate pH (pH 
6 to 9), cupric copper will form complexes with carbonate (CuCO3) and hydroxides 
[Cu(OH)2]. When the pH is between 6 and 8, the dominant form of copper consists of 
various organo-coppers (primarily humic acid copper-complex). When the pH is less 
than 7.0, copper begins to take its most toxic form (to plants and animals) (cupric 
copper = Cu2+), but this copper species is not the dominant form until the pH drops 
below 5.5 to 6.0. At these pHs copper is expected to readily precipitate into a 
biologically non-available form after complexing with humic acid and other humic 
substances. Copper as Cu2+ is taken up by terrestrial plants most effectively at pHs 
that are neutral to slightly acid. In the form of cupric copper (Cu2+), copper is 
expected to be removed from water by soils with high cation exchange capacity. 
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However, at extremely low pHs (pH 2.5 to 4.20) cupric copper desorbed from 
particulates and at a pH of less than 2.5, all copper was in solution as free Cu2+ ion.  
Soils that are known to contain a high cation exchange capacity include those soils 
with high levels of kaolinite, illite and monmorillonite clay and soils that contain 
high levels of peat or humic materials. At high pH (due to liming) it is anticipated 
that copper in the form of CuCO3 or Cu(OH)2 will not be biologically available to 
terrestrial plants even though Cu(OH)2 is considered to be part of the total toxic 
copper concentration, which is generally considered to consist primarily of Cu2+, 
CuOH+ and Cu(OH)2. “The relative amounts in each of these forms depends mainly 
on the pH and soil characteristic. Copper is adsorbed or bound by soil colloids (clays 
and humus) more strongly than other cations, e.g., Ca, K and Mg, or many divalent 
heavy metals. The specific adsorption maxima (i.e., adsorption by soil colloids, that 
is, clay minerals, organic matter and free manganese oxides at pH 5.5) ranged 
between 340 and 5,780 ppm mg Cu/Kg of soil. The percentage of organic matter and 
free manganese oxides were the dominant constituents contributing to the specific 
adsorption. The non-specific adsorption (cation exchange capacities) of the same test 
soils ranging from 1,310 to 16,300 mg/Kg exceeded the specific adsorption. The data 
were insufficient to determine which adsorption process was the dominant one in 
controlling the copper concentration in soil solutions” (Demayo et al, 1982). 
Furthermore, “The adsorption of copper by plants takes place in the form of Cu+ or 
Cu2+. The availability of soil copper to plants depends on the soil type, its 
composition and texture, microbial activity of the soil, pH, oxidation-reduction 
potential, moisture, rainfall and plant species. Copper is less available in soils with 
high humus or organic matter concentrations, or with heavy additions of lime which 
result in the complexing of copper [to carbonate (CuCO3) and hydroxide (Cu(OH) 2” 
(Demayo et al, 1982)].  

 
• Soil Moisture 
 

As described above, moisture and rainfall influence the amount of copper that exists 
in the Cu+ and Cu2+ form as well as the other dominant toxic forms [CuOH+ and 
Cu(OH)2] and non-toxic forms [CuCO3 and humic acid-copper-complex]. Under 
conditions of low moisture, the effects of pH in forming copper-complexes in 
equilibrium with Cu+ and Cu2+ should be minimal. However, unless the moisture 
content of the soil is at least at the wilt-point, the effect of the various soil characters 
including soil type, soil composition and texture, microbial activity, pH, oxidation-
reduction potential, and moisture content cannot be ascertained. 

 
• Organic Matter and Clay Minerals 
 

Both organic matter and clay minerals impact the adsorption and biological 
availability of copper to terrestrial plants. The range of adsorption (Koc) on 
soil/sediment is typically high and ranges from 8 x 104 to 4.63 x106 L/Kg (ACP, 
1999). Some of this variability can be accounted for by carbon content and particle 
size in the soil/sediment. As discussed before, copper binds strongly to complexing 
agents such as organic matter, carbonate minerals, clay minerals and hydrous iron 
oxides and hydrous manganese oxides. Copper binds more strongly to these ligands 
than most other divalent metal cations like zinc, cadmium and nickel. In soils with a 
low organic content, the mineral content or iron, manganese and aluminum oxides 
will be the dominant factors in determining how strongly copper is adsorbed. At pH 
7, the partition coefficients from manganese oxide, iron oxide and estuarine humic 
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material are 6,300, 1,300 and 2,500 L/Kg, respectively. The copper will bind to 
various soil fractions as follows: manganese oxides > organic matter > hydrous iron 
oxides > amino silicates > clay. Copper uptake and bioavailability should follow a 
similar pattern with terrestrial plants. For example, since copper is very strongly 
bound by organic matter, many copper deficiencies occur on soils with a high organic 
matter content. Copper generally accumulates on soil surfaces and does not migrate 
or leach into soil to a great degree. The accumulation of copper on soil surfaces is 
primarily due to contamination from the atmosphere and is not generally expected to 
be due to the effects of irrigation with water that has been treated with copper 
products to control algae or aquatic weeds (Demayo et al, 1982 and Gangstad, 1986). 
Soil organisms like microbes (fungi and bacteria) as well as higher animals like 
isopods and gastropods may play an important roll in the conversion of total copper 
to available copper. The passage of litter through the guts of micro- and meso-faunal 
soil organisms converts even tightly bound copper to soluble copper. So these 
organisms are important in maintaining the soil copper at concentrations that are 
sufficiently high to avoid copper deficiencies. For a greater discussion of 
bioavailability on different soil types, please review the other parts of section 3.4  

 
• Soil Microbes 
 

Soil microbes cannot degrade inorganic copper (Reinert and Rodgers, 1987). 
However, the action of these microbes and other soil organisms may convert total 
soil copper to biologically available copper (Demayo et al, 1982). As was discussed 
under “degradates” in Section 3.4.2, soil microbes may potentially degrade the 
complexing agents in the commercial copper-complexes like Komeen® and 
Nautique™ (copper-EDA complex) and K-Tea™, Cutrine®, Clearigate® and 
Captain™ (copper-TEA complex). These complexing agents will be degraded by 
soil/sediment microbes to CO2 as the terminal residue. EDA may be degraded to 
humic substances including (humic acid = 12%, fulvic acid = 29% and sediment 
humins = 24%) in aerobic aquatic systems within 30 days of application. The 
complexing agent in K-Tea™ (TEA) appears to be more stable to degradation by 
soil/sediment microbes than the complexing agent in Komeen® (EDA). TEA is also 
degraded to carbon dioxide as a terminal residue. However, 14C [TEA] is primarily 
converted to DEA and MEA and the majority of the sediment associated 14C-label 
(45% to 64%) remains in the form of TEA and DEA for 30 days after application. 
There is nothing that can be done to improve the ability of soil microbes to degrade 
copper. Because copper is a metallic element, it cannot be detoxified by microbes or 
other soil organisms. However, soil organisms can convert tightly bound copper into 
soluble copper making it biologically available to terrestrial plants.  
 
Several species of soil microorganisms can resist the toxic effects of copper, but this 
ability appears to be strain specific. Strains of Candida glabrata (fungus), 
Pseudomonas syringae, P. fluorescens, Escherichia coli and Xanthonomus 
campestris (bacteria) that do not possess genes that infer resistance to copper sulfate 
may be effected by concentrations as low as 0.1mM copper sulfate (6.4 ppm Cu). 
However, other strains of these soil microbes may be tolerant or resistant to copper at 
concentrations from 1 to 7 mM (64 to 448 ppm Cu). Even the resistant strains of 
these microbes and other species of microbes cannot detoxify copper. However, they 
may be important in the degradation of organic herbicides like 2,4-D, endothall, 
diquat, paraquat and triclopyr and other organic pesticides. Resistant microbe strains 
may also be important in maintaining the health of the soil due to their ability to 
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mineralize nitrogen, phosphorous, and carbon (soil organic matter) when they are 
exposed to copper concentrations ranging from ~7 to 488 ppm Cu.   

 
3.5 DEGRADATION AND PERSISTENCE - AQUATIC SYSTEMS 

 
Summary: Microorganisms associated with the surfaces of plants, in the sediment or in 
the water column, do not degrade inorganic copper salts, including copper sulfate.  
However, a number of species of bacteria, fungi, algae and aquatic vascular plants will 
adsorb copper to very high concentrations (ACP, 1999 and Hanson and Stefan, 1984).  
Animals higher in the food chain may consume these microorganisms and plants and 
accumulate lethal concentrations of copper in their tissues (Harrison, 1986). However, 
organisms that are higher in the  trophic level do not generally biomagnify copper. For 
example, Krumholz and Foster (1957), Mathis and Cummings (1973) and ACP (1999) 
have found that bioconcentration factors are lower in top level predators (typically 
around 50-fold) than in prey insects (500-fold), filamentous algae (500-fold) or 
phytoplankton (2,000-fold).  Copper in organic copper salts or commercial copper-
complexes is not degraded by microorganisms. However, these microorganisms may 
degrade the organic ligand in copper-complexes containing Cu-EDA complex or Cu-TEA 
complex.  The EDA ligand from Komeen® was degraded to products that are associated 
with humic substances (65%) and carbon dioxide (8%) with the remainder remaining as 
EDA (20.1%) within 30 days of application.  Furthermore, the TEA ligand of K-Tea™, 
which remained in the water, is rapidly degraded to DEA and MEA.  Then DEA and 
MEA are rapidly mineralized to carbon dioxide.  However, within 30 days of application 
45% to 68% of the applied dosage remained bound to the sediment and 40% of the 
dosage was mineralized to carbon dioxide, while only 12% of the applied residue 
remained in the water (Spare, 1996a and 1996b).  Microbes are not involved extensively 
with the degradation of commercial copper herbicides. However, the commercial copper 
herbicides may suppress the activity of bacteria and other microbes that mineralize 
nitrogen, phosphorous and soil organic matter in the terrestrial environment at 
concentrations of 7 to 388 ppm Cu (Mathur and Sanderson, 1978 in Demayo et al, 1982).  
In the aquatic environment, copper sulfate concentrations as low as 0.005 to 0.010 ppm 
suppress the growth of blue-green algae and subsequently suppress nitrogen fixation 
(Horne and Goldman, 1974).  Concentrations of copper as low as 6.4 ppm Cu in 
laboratory culture may adversely affect microbes known to degrade organic pesticides.  
Concentrations of copper ranging from 20 to 1000 ppm Cu in sediment have inhibited 
phosphatase activity and/or methanogenisis activity, alkaline phosphatase, 
dehydrogenase, β-galactocidase and β-glucosidase.  These decreases in bacterial enzyme 
activity are early signs of chronic contamination in water bodies that have been treated 
heavily with commercial copper herbicides.   
 
Copper may be removed from the water column by adsorption of copper, EDA-copper 
complex or TEA-copper complex to the sediment.  Copper and or the copper-complexes 
are usually rapidly removed from water.  In soft/low alkalinity lake water with slightly 
acidic to neutral pH, copper sulfate is removed with a half-life of approximately 5.5 days.  
However, even after 4 and 18 days of dissipation the concentration of copper in the water 
of the main lake and outlet stream can be as high as ~0.036 and ~0.012 ppm Cu, 
respectively (Serdar, 1995).  These concentrations are high enough to be of concern on 
sensitive species of fish since the acute LC50 and NOEC for typical salmonid species are 
0.015 to 0.032 ppm Cu and ~0.01 ppm Cu, respectively (Biesinger and Christensen, 1972 
and Buhl and Hamilton, 1990 in Serdar, 1995).  The rate of dissipation for copper sulfate 
is much faster in hard/alkaline lake waters with basic pH (~8 to >9) with half-lives 
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typically ranging around 2 days and time to equilibrium concentrations of ~0.003 to 
~0.008 ppm Cu, when the application rate ranges from ~0.048 to ~0.140 ppm Cu, being 
approximately 10 days.  Similar treatment rates 0.025 to 0.125 ppm Cu were not toxic on 
rainbow trout in these hard/high alkalinity lakes but the higher treatment rates (0.125 
ppm Cu) decreased growth of trout in these ponds (Majewski et al, 1978, Whitaker et al, 
1978, Wagemann and Barica, 1979).  The commercial copper-complexes have typical 
water half-lives of 0.07 to ~2.2 days for copper-EDA complexes like Komeen® and 6 to 7 
days for copper-TEA complexes like K-Tea™ and Cutrine®.  With Komeen®, the copper 
concentrations in water generally dissipate to very low concentrations (0.015 ppm Cu) in 
less than 1 day when the treatment site is located near a main river channel and the 
treatment rate is 0.4 ppm Cu.  However, dissipation of copper to concentrations (0.01 to 
0.02 ppm Cu) that are not expected to adversely impact sensitive fish species in ponds 
with no significant outflow can take as long as 1 or 2 weeks, when the application rate is 
1.0 to 2.0 ppm Cu. However, except for salmonids, which are sensitive to low 
concentrations of Komeen® (LC50 = 0.076 ppm Cu) in soft water, most species of fish 
including golden shiner, bluegill sunfish and striped bass are not likely to be harmed by 
Komeen® in either soft or hard water. Even the rainbow trout is not likely to be harmed 
by Komeen® in hard water since the LC50 under these conditions is 4.6 ppm Cu (Winger 
et al, 1984, Rodgers et al, 1992). Cutrine® may also dissipate rapidly in the field when 
the application rate is around ~0.5 ppm Cu.  Concentrations of copper after Cutrine® 
has been applied typically decreased to <0.04 ppm Cu in 24 hours and <0.02 ppm Cu in 
less than 1 week (Gangstad, 1978 and Winger et al, 1984).  Cutrine® is estimated to 
have no adverse impact on tested invertebrates when the treatment concentration is as 
high as 1.0 ppm, since the LC50 for even the most sensitive species ranges from ~5 to 
~10 ppm Cu. However, sensitive species of fish [rainbow trout (LC50 = 0.03 ppm Cu), 
striped bass (LC50 = 0.01 to 0.1 Cu) and channel catfish (LC50 = 0.051 ppm Cu)] may 
be affected in soft water when the initial application rate is 0.5 to 1.0 ppm Cu.  Cutrine® 
should be safe on warm water fish (LC50 = 1.9 to 11.6 ppm Cu) when applied at rates of 
0.5 to 1.0 ppm Cu, in hard water. However, even more tolerant warm water species may 
be adversely impacted by applications of Cutrine® at rates of 0.5 to 1.0 ppm Cu. in soft 
water. Nevertheless, monitoring of microcosms or field sites treated with Komeen® plus 
diquat at 0.4 plus 0.4 ppm or Cutrine® plus diquat at 2.2 plus 3.0 ppm indicates that 
Komeen® has no adverse impact on monitored fish and invertebrate species while 
Cutrine® plus diquat causes a total fish-kill within 1 day of application; but application 
rates of Cutrine® alone at 2.2 ppm Cu, Cutrine® plus endothall at 2.2 plus 3.0 ppm or 
Cutrine® plus diquat plus endothall at 2.2 plus 1.5 plus 1.5 ppm had no adverse impact 
on resident fish populations.  
 
Copper is dissipated rapidly from the water column and is retained on sediment for very 
long periods of time.  The typical residence time for copper on sediment is 5 x 105 years 
(Horne, 1969 in Ecology, 1992).  Therefore, copper will be retained on sediment at very 
high concentrations for an indefinite period of time particularly on clays and humic 
materials.  However, although copper will adsorb on sediment at very high 
concentrations (typically 170 to 5,600 ppm Cu), this sorption is not likely to be a 
permanent process.  Copper may be released from sediment under high salt conditions 
[0.2 M TRIEN plus 50,000 ppm potassium nitrate) (Teggins and Slinn, 1985)] and 
conditions where the water stream is moving rapidly (Harrison, 1986).  Under conditions 
of rapid water movement, like in an irrigation canal or near a main river channel, 
accumulation of copper on sediment remains low (less than 10 ppm Cu) and in some 
cases may dissipate to background levels in 7 or 8 days, while in other cases no 
dissipation of copper appears to occur.  In flowing water, when the application rate of 
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copper sulfate was continuous at 0.05 to 0.5 ppm Cu for several hours (up to 24 hours) 
during 3 application seasons, 60% of the applied copper remained adsorbed to the 
sediment in the bottom of the irrigation ditch.  Copper concentrations in sediment were 
occasionally as high as 209 ppm Cu but more typically were not higher than 50 to 100 
ppm Cu.  Application of treated water from treated irrigation canals generally did not 
cause the concentration of copper to increase during the treatment season with typical 
soil levels being 25 ppm Cu at the beginning and end of the irrigation season (EPA, 
1984, Gangstad, 1986). 
 
Field studies show that copper concentrations in the water column rapidly decrease in 
moving aquatic systems that contain water, sediment, algae and/or aquatic weeds.  For 
example, in Sylvia Lake where two-thirds of the surface area was treated with rates of 0.5 
ppm Cu, the concentrations of copper dropped to about 0 .067, 0.036 and 0.012 ppm Cu 
in 1, 4 and 18 days, respectively.  The copper treatment was also dispersed evenly 
throughout the lake and transported an indeterminate distance down the outlet stream 
within 24 hours to 18 days (Serdar, 1995).  The size of a lake, the amount of dissolved 
organic matter, type of bottom sediment and the amount of outflow can strongly influence 
the rate of dissipation from a treated lake. For example, a prairie pothole lake that had a 
large surface area (48 acres), a low level of dissolved organic carbon (9.0 ppm), sandy 
sediment and an intermittent outflow had a much longer copper sulfate water dissipation 
half-life (6.9 versus 0.92 to 2.1 days) and time to steady state (23 days versus less than 10 
days) than lakes with a small surface area (1.6 to 8.1 acres), a high level of organic 
carbon (20 to 28 ppm), heavy clay sediments and a continuous outflow.  Similar effects 
were observed with the commercial copper-complex (Komeen®).  At a treatment site 
near the main river channel, the concentration of copper in a treated reservoir dropped 
from 0.4 ppm Cu to background levels (~0.015 to ~ 0.03 ppm in 1 to 3 days) and the 
dispassion half-life was 0.565 days (Rodgers et al, 1992). However, at an impounded 
water treatment site it took 2 weeks for the concentration of copper in a pond treated with 
0.1 to 2.0 ppm copper to drop to background levels [0.01 to 0.02 ppm Cu and the 
dissipation half life was 2.2 days (Winger et al, 1984)].   It is not clear to what degree 
copper may be adsorbed in the field.  However, it is apparent that very high levels of 
adsorption (up to 4,000 ppm) may occur in sensitive species of aquatic vascular plant 
like Potamogeton foliosus and P. pectinatus when copper sulfate is applied at higher than 
standard treatment rates (Hanson and Stefan, 1984).  Other potential sensitive plants like 
Lemna valdiviana bioconcentrate copper at 138-, 465- and 54,400-times the water 
concentration when the application rate for copper is 0.01, 0.1 and 1.0 ppm, respectively 
(Demayo et al, 1982).  Sensitive algae species also bioaccumulate copper at levels from 
400- to 21,000-fold in fresh water algae and 75- to 27,000-fold in seawater algae (ACP, 
1999). After the plants have decayed, the released of the copper will strongly adsorb to 
the sediment. Many soil/sediment types have been tested for their adsorption capacity of 
copper and it is apparent that typical sediments adsorb and tightly bind copper up to 
concentrations of 20 to 510 ppm in estuarine sediment (Teggins and Slinn, 1985) and 170 
to 5,600 ppm in Fairmont Lakes sediment (Hanson and Stefan, 1984), 50 to 600 ppm in 
Lake Monona sediment (Harrison, 1986 and Sanchez and Lee, 1978) and 180 to 1,000 
ppm in Lake Steilacoom sediment (Bennett and Cubbage, 1992 and Huggett et al, 1999). 
Sediments that contained high levels of hydrous metallic oxides (particularly hydrous 
manganese oxide and hydrous iron oxide), organic matter and clay minerals with high 
cation exchange capacities sorbed the greatest amount of copper. For these reasons, the 
overall field residence time for copper in aquatic ecosystems is a very long and 
indeterminate period of time, and may be as long as 5.0 x 105 years (Horne, 1969 in 
Ecology, 1992 and Reinert and Rodgers, 1987).   
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Numerous physical and chemical factors can affect the persistence and fate of copper in 
the aquatic environment. Temperature may influence the rate of both chemical and 
biological processes. Since copper is not readily hydrolyzed at typical environmental 
temperatures, it appears unlikely that temperature will influence the degradation of 
copper by hydrolysis, and generally the adsorption to clays and organic matter will be 
unaffected at normal environmental temperatures.  However, it is expected that microbes 
will be impacted by temperature when they degrade the organic amines found in 
commercial copper-complexes or various other organic herbicides that might be present.  
It is expected that for every 10°C increase in temperature between 5° and 45°C that the 
rate of degradation of EDA, TEA, mixed ethanolamines, or various organic herbicides 
will increase by about 2-fold. Water pH does not appear to play a significant role in the 
hydrolysis of copper.  However, at pHs <7, the equilibrium concentration of cupric 
copper will be controlled by malachite and at pHs >7, the equilibrium concentration of 
cupric copper will be controlled by tenorite. At pHs <6, cupric copper, which is the most 
toxic form to fish, is expected to be the dominant form and at these low pHs, the chelate 
of K-Tea™, Komeen® or Cutrine® will be broken to form the free copper which may 
readily adsorb onto the sediment after complexing with humic acid and possibly with 
copper carbonate (Beste, 1983).  As the pH rises above 9 and the alkalinity also rises, the 
total toxic copper [Cu2+, CuOH+ and Cu(OH)2] concentration will drop and the 
commercial copper products will become less effective in controlling algae or aquatic 
vascular plants.  However, the concentration of another copper species [Cu(OH)2], 
which may also be toxic to algae appears to rise as pH rises above 9 and 
alkalinity/hardness rises above 400 ppm CaCO3, this may explain why copper sulfate 
controls algae at rates of 0.025 to 0.04 ppm Cu while not seriously impacting fish 
(Wagemann and Barica, 1979).  At pHs above 9 and alkalinities above 150 ppm Cu, the 
control activity of the commercial copper products are expected to decrease and 
additional product may be necessary to control algae and aquatic vascular plants.  
Toxicity of copper products to fish also decreases as alkalinity and hardness increases.  
The control activity or efficacy of the commercial copper products will also drop 
approximately 76-fold on green algae as pH decreases from 6.5 to 5.0 since at these low 
pHs the hydronium ion competes with cupric copper for cellular uptake sites.  At pHs 
between 6.5 and 8.0, the control effectiveness for copper on green algae remains constant 
because of the decrease in competition by hydronium ion is balance by a decrease in 
concentration of free metal (Cu2+) and an increased size of the total toxic metal pool 
including Cu2+, CuOH+, Cu (OH)2 and possibly Cu2(OH)2

2+.    
 
The amount of oxygen dissolved in a water body has a direct effect on the adsorption and 
desorption of copper.  Under anaerobic conditions (low redox potential), copper is 
removed from the water column by the formation of insoluble complexes with cuprous 
copper (Cu2S, CuCN, Cu2O, CuF and metallic copper).  Cuprous copper (Cu+) also 
forms by a photolytic effect on cupric copper (Cu2+).  In freshwater, cuprous copper is 
rapidly oxidized to cupric copper (half-life = 6 minutes) while in seawater, cuprous 
copper is stable due to the formation of complexes with chloride and a relatively reduced 
dissolved oxygen content (half-life = 12 hours).  
 
The most important physical process affecting copper persistence in larger water bodies 
is adsorption (as described above) and transport of treated water away from the treated 
area and replacement with untreated water through lateral circulation or vertical 
movement of water. The larger the lake, the more wind blowing across the lake surface, 
and the more water exchange through inlet and outlet streams or rivers, the more likely 
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that copper residues will be rapidly dispersed and diluted to below detection limits. In 
small lakes, detectable concentrations of copper may be carried a significant distance 
down an outlet stream if the flow is sufficient.  Vertical dispersion is the dominant 
mechanism of dilution in whole-treated lakes, while a combination of vertical and 
horizontal water movement contributes to dispersion and dilution in partially treated 
lakes. 
 
The disappearance of copper from a lake or other natural water body is influenced by a 
number of factors as discussed earlier in Sections 3.2 and 3.3.  Various water chemistry 
and physical conditions can have pronounced effects on copper persistence.  The main 
factors that influence the persistence of inorganic copper includes total alkalinity, 
apparent copper-complexing capacity, adsorption to bed- and suspended-sediment and 
possibly water hardness.  The effects of water hardness are in dispute. While Ecology 
(1992), Wagemann and Barica (1979), Whitaker et al (1978), Demayo (1982), ACP 
(1999) claim that increases in water hardness decrease the toxicity of added copper, 
Masuda and Boyd (1983) and Beste (1983) believe that it is total alkalinity that 
contributes to the detoxification of free copper; total hardness in itself may not contribute 
to the detoxification of free copper since Ca2+ and Mg2+, which contribute hardness to 
water, do not participate in any of the copper equilibrium.  This reveals the fallacy of the 
popular axiom that copper algaecide treatments of water should be increased as total 
hardness concentration increases.  However, total alkalinity only contributes indirectly to 
the detoxification of free copper since it contributes ions like CO3

2-, CO3H- and OH-, 
which complex with cupric copper (Cu2+) and make it less toxic by the formation of 
CuCO3, CuCO3H-, CuOH-, Cu(OH)2 and Cu2(OH)2

-
  which equilibrates with the insoluble 

and relatively non-toxic malachite Cu2(OH)2CO3] at pH <7 and tenorite [CuO] at pH >7.  
However, assuming that Cu2+ is the toxic form of copper to plants, alkalinity does not 
directly influence copper toxicity. The Cu2+ concentration, and not the dissolved copper 
concentration, is the important variable, and if enough copper is applied to satisfy the 
copper-complexing capacity of the ligands, Cu2+ concentration is established by pH.  The 
observation that copper toxicity to plants is related (inversely correlated) to total 
alkalinity concentrations is not erroneous because pH usually rises with increasing total 
alkalinity. These copper-containing chemicals (malachite and tenorite) as well as the 
other inorganic ligands and organic ligands (humic acid, fulvic acid and humins) may be 
removed from the water by binding and/or precipitating out of water onto sediment and 
colloidal suspensions containing hydrous manganese oxides, organic matter, hydrous iron 
oxides, aminosilicates and clay.  While the commercial copper-complexes like Cutrine® 
and Komeen® are more readily soluble than copper sulfate and will yield higher total 
dissolved copper concentrations than copper sulfate, this is misleading. At similar 
application rates in Cu equivalence, the amount of toxic copper [Cu2+, CuOH-, Cu(OH)2, 
and Cu2(OH)2

+] dissolved in the water should be similar since it is the pH that controls 
the equilibrium between these toxic species and the insoluble and relatively non-toxic 
malachite and tenorite.  Under high pH conditions, the concentration of the amount of 
inorganically complexed copper should exceed those of the organic-amine complexing 
agent when the total alkalinity exceeds ~30 ppm CaCO3.  The use of invert emulsions 
may improve the weed control properties of the liquid commercial copper-complexes by 
controlling release rate and decreasing the rate of dissipation of the copper-complex from 
the treated area (Meyers and Stoner, 1974).  Since elemental copper is not degraded by 
hydrolysis, photolysis, or the actions of aquatic microbes, the major fate process affecting 
the persistence of copper in aquatic systems are sediment sorption and export from the 
system (Reinert and Rodgers, 1987).  Although the copper in the commercial copper-
complexes is not degraded by microbes (fungi and bacteria), algae or aquatic vascular 
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plants, various microbes, algae and plants may remove elemental copper from treated 
water and only release the copper to the water column when the affected species adsorb 
enough elemental copper to succumb from the effects of treatment (Hanson and Stefan, 
1984).  However, since elemental copper is rapidly deactivated by inorganic and organic 
ligands and rapidly adsorbed to sediment/soil containing high levels of organic matter, 
clay minerals or metallic oxides, it seems unlikely that this release of copper from dead 
and dying plants will adversely impact fish and invertebrate populations.  However, dead 
and dying plants can reduce the dissolved oxygen concentration to critical levels and 
cause fish-kills, particularly if the whole water body is treated with a copper treatment. 
Fish may also be killed by gill clogging with dead organisms. Therefore, EPA  (1985) 
recommends that only one-half to two-thirds of a water body be treated with commercial 
copper products which will allow fish to avoid both the direct toxic effects of copper and 
the suffocating effects of low dissolved oxygen contents.  Furthermore, after treatment 
has occurred, a water body should not be retreated for 1 to 2 weeks.  However, since 
copper sulfate is used as a molluscicide and pest arthropod killer at levels 20 to 30 times 
the toxicity level for fish, simulated or actual field studies are needed to develop 
precautionary labeling for molluscicide and pest arthropod control. This section reviews 
the disappearance times reported for natural water bodies and for artificial laboratory 
microcosm and mesocosm studies (small-scale simulations) and also looks at the reported 
factors that can influence such times. 
 

3.5.1 Half-life and Disappearance Time 
 
Half-life values are important for estimating persistence, but can be misleading if the 
herbicide remains in the environment at significant concentrations after the half-life time. 
Times to disappearance are useful tools for predicting impacts on biota and wildlife, 
particularly when used with calculated or estimated half-lives (Serdar, 1995; Whitaker et 
al, 1978 and Wagemann and Barica, 1979)  
 
Copper sulfate is readily adsorbed onto lake and pond sediments, and rapidly dissipates 
from floodwaters in cranberry bogs with a half-life of 1 to 6 days [Copper Sulfate 
Registration Standard, 1985 (Table 3.5)].   According to Rodgers, Dunn and Robertson 
(1992), copper aqueous half-lives after treatment with 0.4 ppm Cu Komeen® in the 
Guntersville Reservoir (Alabama) are about 0.565 days; but it is unclear how these 
calculations were made and CSI has estimated the half-life of copper from Komeen® to 
be 0.18 days in this reservoir. Spare (1996a) studied the aerobic aquatic metabolism of 
copper-triethanolamine complex (K-Tea™) and found its half-life at 25°C was 7 days in 
natural sediment containing 2% organic material. Spare (1996b) also studied the aerobic 
aquatic metabolism of copper-ethylenediamine (Komeen®) and found it had a biphasic 
dissipation, with the half-life for the first phase being 0.07 days and the half-life for the 
second phase being 5.3 days. In both cases, the products were rapidly bound to the 
sediment.  Since field studies with Cutrine® and Komeen® indicate similar rates of 
dissipation (DT50 = ~6.0 and 0.18 to 0.565 days, respectively) as were found in 
laboratory studies (7.0 and 0.07 days, respectively), it seems likely that typical half-lives 
for the Cu-TEA complexes (Cutrine®, K-Tea™, Clearigate®, and Captain™) and for 
Cu-EDA complexes (Komeen ® and Nautique™) will be ~6.0 and less than 1.0 day, 
respectively.  The time to dissipation to background or equilibrium levels will typically 
be <10-11 days for copper sulfate, 14 days for Cutrine® and other copper-TEA 
complexes and 1-2 days for Komeen® and other copper-EDA complexes.  
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In the hard waters of prairie pothole lakes in Manitoba (Canada), the half-life of copper 
from copper sulfate treatments is usually less than 2 days in lakes where the sediment is 
made up of heavy clay, the total dissolved organic carbon is relatively high (20% to 28%) 
and the water hardness is higher than 400 ppm CaCO3, the size of the lakes were 
relatively small (1.6 to 8.9 hectares) and there is a constant outflow from these lakes.  In 
the only lake in this group that had a relatively long copper dissipation half-life (6.9 
days), the sediment was sandy, the total dissolved organic carbon was relatively low (9%) 
and the water hardness was less than 400 ppm CaCO3, the size of the lake was large (48 
hectares) and only an intermittent outflow occurred (Wagemann and Barica, 1979).  The 
dissolved copper concentrations typically dissipated to relatively low levels (0.038 to 
0.087 ppm Cu) 10 days after treatment with 0.250, 0.35 and 0.510 ppm Cu as copper 
sulfate and this is due to precipitation of the dissolved copper sulfate in equilibrium with 
less soluble copper salts like malachite, tenorite or azurite. Furthermore under anaerobic 
conditions that occur during the winter, it can be expected that cupric copper would react 
with hydrogen sulfide to form the insoluble complexes (Cu2S) and covellite (CuS).  
Physical sorption of cupric copper on sediments and seston also plays a significant role in 
the reduction of concentration of total dissolved copper.  The rate of disappearance of 
copper was always slower in filtered than in unfiltered water, indicating that copper was 
removed partly by particulate matter (including algae) presumably by adsorption on these 
particles due to uptake or precipitation, for which such particles could serve as nuclei.  
Cupric copper (Cu2+) is primarily removed by complexing with hydroxide and carbonate 
to form Cu(OH)2 and  CuCO3 at the high pHs found in these prairie pothole lakes.  The 
amount of organic copper-complex is formed at the expense of these two inorganic 
complexes and at high pH, the cupric ion concentration is not strongly affected by the 
amount of dissolved organic matter.  At the high pHs that occur in these lakes, very little 
of the dissolved copper would be present as free cupric ion.  Since copper in these high 
pH lakes still appears to control algae at very low concentrations (0.025 to 0.040 ppm 
Cu), it seems likely that Cu(OH)2 is the main agent contributing to the total toxic copper 
concentration since Cu2+ and CuOH+, which are known to be toxic, occur at very low 
levels (≤1.6%) of the total dissolved copper and Cu(OH)2 occurs at levels 33% to 75% of 
the total dissolved copper.   Although the high alkalinity that generally occurs in hard 
water situations reduces the toxicity of inorganic copper salts to levels where most fish 
may tolerate the effects of inorganic copper at rates used to control algae, further work is 
necessary to determine the effect of pH on the toxicity of copper to algae and other 
aquatic organisms.  This could establish whether the concept of total toxic copper is 
generally valid. 
 
Copper from copper sulfate is inactivated and or removed from the water at a much 
slower rate at low pH and low alkalinity.  For example, the half-life of copper in Sylvia 
Lake ranges between 5.3 and 6.2 days in the treated portion of the lake, 7.8 to 8.2 days in 
the untreated portion of the lake and 6.7 days in the upper outlet stream of the lake 
(Serdar, 1995).  Serdar also noted that the dissolved copper (0.30 ppm Cu) remains high 
in soft water lakes for at least 4 days after treatment (0.062 ppm Cu) and that these 
concentrations of copper are likely to be toxic to sensitive fish species including various 
salmonids (LC50 = 0.015 to 0.032 ppm). These concentrations of copper found in soft 
and/or low alkalinity water (<50 ppm CaCO3) will not provide a sufficient margin of 
safety at levels where toxicity is expected to occur.   Under the acidic conditions that 
typically occur in low alkalinity water, it is anticipated that the formation of organic 
complexes will inactivate added copper and that the humic acid-copper-complex may 
precipitate out of solution under these conditions and become associated with the bed-
sediment and seston, which often contain a significant amount of sorptive organic carbon.   
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For example, dissolved humic substances will decrease the toxicity of copper to some 
forms of algae. Nielsen and Laursen (1976) found that 0.025 ppm Cu controls algae in 
clear water lakes but in brown water lakes these algae were not controlled due to binding 
of Cu2+ to humus.  Factors that affected control of these algae included the taxonomic 
composition of phytoplankton, numbers of phytoplankton, humic content and pH.  
Although pond test results have not shown that peat humic substance protects aquatic 
fauna, no evidence of damage to any animals (birds, fish, frogs, turtles, worms, snails, 
daphnids or insects) was found in any pond or laboratory test.  However, full-scale pond 
tests have shown that peat humic substances, alone or chelated with a small amount of 
copper, provide excellent algae control at low concentration.  Humic substances are ideal 
agents for chelating copper since it provides benefits not available for other organic and 
inorganic cheating agents, including deactivation of pollutants, protection of fish and 
other fauna, stimulation of microorganisms and the development of algicidal action on its 
own under UV irradiation [sunlight (Hartung and Allread, 1994)]. This data suggests that 
copper products have relatively short dissipation half-lives in the aquatic environment 
and that copper products rapidly bind to the sediment. 
 
There are no significant degradation products due to the hydrolysis of copper sulfate at 
pH 5, 7 and 9.  Spare (1996a) found that triethanolamine, diethanolamine and CO2 were 
the major degradation products for K-Tea™ during an aerobic aquatic metabolism study 
in natural sediment containing 2% organic material.  Spare (1996b) also found that the 
dissipation of Komeen® and K-Tea™ in the aerobic aquatic environment definitely 
involved oxidative degradation of the complex. This conclusion was supported by the 
time dependent dissipation of 14CO2. These experiments are typically conducted with 14C-
radiolabeled copper-complexes, which makes the pesticide and its degradates easier to 
detect and quantify.  It is also important to note that the copper ion is strongly adsorbed to 
clay and humic material. It also precipitates on clay particles as insoluble copper 
hydroxides, phosphates or carbonates (Copper Sulfate Fact Sheet, pages 113-115, Beste, 
1983). 
 

3.5.3 Physical and Chemical Factors 
 
Few studies were found that were designed to ascertain the effects of various water and 
sediment parameters on the persistence of copper in aquatic systems. Most laboratory 
tests were conducted under a controlled set of conditions where temperature, pH, amount 
of sediment, alkalinity and hardness were tightly controlled and monitored.   In field 
studies with variable conditions, it was not possible to separate out the effects of the 
specific variables discussed below. In general, hydrolysis, photolysis and microbial 
degradation do not contribute strongly to the dissipation of elemental copper from 
treatments with copper sulfate or the commercial copper-complexes. However, at 
extremely low pHs (pH <6.0), the copper-complex could be broken in Komeen®, K-
Tea™ or other copper-EDA or copper-TEA complexes.  Under these conditions cupric 
copper (Cu2+) will be formed and could be subsequently precipitated onto bottom-
sediment or seston and as a humic acid-copper complex.  Copper may generally be 
removed from the water column by adsorption of inorganic ligands or organic ligands 
like hydrous manganese oxide, organic matter, hydrous iron oxides, aminosilicates and 
clay, microorganisms (fungi, bacteria and algae) and sensitive aquatic vascular plants. 
Several of the factors discussed earlier that affect soil persistence and bioavailability are 
also expected to influence persistence bioavailability in aquatic systems. 
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• Temperature 
 
Temperature appears to have little or no effect on the persistence of copper from 
copper sulfate or copper-complexes in the aquatic environment.  However, it is 
anticipated that as temperature increases from about 5° to about 45°C that the rate of 
degradation of both natural organic complexing agents and the complexing agents 
like EDA or TEA found in Komeen® and Nautique™ or Cutrine®, K-Tea™, 
Clearigate® and Captain™, respectively, will increase when bacteria capable of 
degrading these substances are present.  It is anticipated that the rate of degradation 
will increase and the half-life will decrease by about 2-fold for every 10°C increase 
in temperature.  Outside of the temperature range (5° to 45°C) it is anticipated that 
the rate of degradation due to microbial metabolism will decrease rapidly. Adsorption 
of copper to sediment, suspended sediment and plants play a significant role in the 
dissipation of copper under certain conditions since the soil water partition 
coefficient (Koc) for copper on various sediment and soil types is high (8 x 104 to 
4.63 x 106 L/Kg) and the bioaccumulation factor is very high on freshwater algae 
(400- to 21,000-fold), seawater algae (75- to 27,000-fold), freshwater aquatic 
macrophytes (30- to 54,000-fold) and seawater macrophytes (10,000- to 20,000-fold). 
Susceptible species of plant readily accumulate copper in their tissue.  For example, 
Potamgeton foliosus and P. pectinatus accumulated copper in their tissues to 
concentrations of ~4,000 ppm prior to succumbing to treatment at elevated rates with 
copper sulfate.   Adsorption does not appear to be temperature dependent.  

 
• pH 

 
Alkalinity and acidity have a significant impact on the dissipation of copper and the 
copper-complexes. For example, Gangstad (1986) stated that “alkalinity is the major 
factor that reduces the effectiveness of copper sulfate”. He also found that copper 
sulfate is most effective under slightly acid or neutral conditions. This is because the 
Cu+2 (cupric ion) concentration declines rapidly as pH increases (Masuda and Boyd, 
1993). Copper may also be removed from treated water by adsorption to clay 
minerals with increasing adsorption occurring as pH increased from 3.5 to 6.0. This 
divalent form of copper is the predominate oxidative state in soluble aqueous 
complexes (Cutrine®, Komeen®, K-Tea™, etc.).  Copper is more toxic at lower pH 
levels [attributed to a greater concentration of free copper ion (Suedel et al, 1995)]. 
Therefore, when pH (alkalinity) increases, more copper, as Cu+2, is combined as 
CuCO3 making it less toxic to all aquatic organisms.  In fact, Westinger (1980, in 
Ecology, 1992) noted that copper-complexes should not be used when the pH <6 
because of cupric copper ion formation and subsequent toxicity to fish. Therefore, the 
State of Washington does not permit the use of copper products in waters that have a 
pH <6 if the waters are fish bearing or considered environmentally significant. 
 
The permit may also limit the allowable change in pH resulting from the use of 
copper herbicides, and may stipulate that the pH be measured before and after 
treatment.       
 
The fact that toxicity decreases as alkalinity and pH increases has been borne out in 
numerous articles and publications. For example, the Copper Sulfate Fact Sheet 
(Beste, 1983) states that a significant reduction in effectiveness occurs when 
bicarbonate alkalinity exceeds 150 ppm as CaCO3. These particulate complexes tend 
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to precipitate and will adsorb easily to clays and humic materials. Reinert and 
Rodgers (1986) also found that up to pH 6 dissolved Cu+2 is the most dominant 
copper species in the aqueous environment.  
 
pH values are typically 6 to 9 in most natural waters (Reid, 1961 and Goldman and 
Horne, 1983). The higher values are generally found during spring and summer, 
when more vigorous algal growth uses large amounts of dissolved CO2, driving the 
pH toward alkalinity through the carbonate/bicarbonate cycle.  The more eutrophic 
(nutrient rich) a lake is, the larger the chance of enhanced algal growth and a higher 
pH.  
 
At pHs typically found in the aquatic environment, hydrolysis and precipitation 
reactions dominate the cupric copper chemistry particularly in the absence of 
significant levels of complexing organic compounds.  The most significant process 
that removes cupric copper from solution is the formation of an equilibrium with 
malachite (Cu2(OH)2CO3) and precipitation of malachite onto sediment when the pH 
of treated water is <7.  At pHs between 5 and 6 cupric copper will readily form 
complexes with organic ligands and adsorption of copper onto metallic hydrous 
oxides and soils increases abruptly.  Calculations also showed that the presence of 
organic complexing agents could alter the system resulting in a highly variable 
speciation of cupric copper not only from system to system but also within one 
system over a period of time.  In basic water, as is found in the surface waters of the 
Southern California Bight or in prairie pothole lakes of Southern Manitoba, cupric 
ions were controlled primarily by complexation with inorganic ligands and 
secondarily by organic chelation agents.  At pHs >7, the concentration of cupric 
copper is regulated by formation and equilibrium with tenorite, which is also 
insoluble and may precipitate out onto bed-sediments or suspended-sediments 
(colloidal suspensions).  Also at high pHs (8.0 to 9.0), the majority (78% to 98%) of 
dissolved copper is in the form of Cu(OH)2 and complexed with organic matter 
(humic acid).  At these high pHs, there is very little free cupric copper.  Furthermore, 
at these high pHs, copper from the addition of copper sulfate pentahydrate decreased 
in concentration with a dissipation half-life time of 1 to 2 days in most lakes and 
steady state was reached in approximately 10 days.  The toxicity of copper to fish 
appears to decrease at higher pHs particularly in hard, high alkalinity water. 
However, the amount of added copper necessary for the control of algae under these 
conditions was 0.025 to 0.040 ppm Cu, which leads to the conclusion that copper 
species other than free cupric copper must affect algae even in lakes with high pH 
and high water hardness and/or alkalinity.  It has been noted that the most likely 
species of copper that will control algae in these lakes is Cu(OH)2.  In spite of this the 
concept of total toxic copper due to the presence of the combined copper species 
[Cu2+, Cu(OH)+ and Cu(OH)2] needs to be investigated further to determine the effect 
of pH on the toxicity of copper to algae and other aquatic organisms.  Some authors 
(Brown et al, 1974) also claim that Cu(CO3), which may form from malachite or 
reaction with carbonate at intermediate pH (6 to 9),  may also be toxic to fish.  
However, other authors were unable to verify these findings (Andrew, 1976 in 
Wagemann and Barica, 1979).  Based on the fact that high alkalinity reduces the 
toxicity of copper sulfate to fish, it seems likely that CuCO3  has reduced toxicity to 
fish.  The natural and synthetic inorganic ligands (EDTA, NTA, etc.) when chelated 
to copper also do not appear to be significantly toxic to fish (Wagemann and Barica, 
1978) and at high concentrations these ligands may decrease the toxicity of copper to 
algae and plants (Allen et al, 1983 and Huebert et al, 1993).  
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Due to the changes in complexation and the dominant copper species that occur at 
varying pH, hardness and alkalinity, Brown et al (1974) and Harrison (1986) came to 
the conclusion that the toxicity of copper products to fish, invertebrates, algae and 
plants cannot be generally predicted from laboratory data.  However, copper toxicity 
may be predicted from laboratory data if the toxicity studies are conducted in waters 
that are similar to those that will be treated in the field or the nature and 
concentration of the potentially toxic cupric copper species is known. 

 
• Aerobic state 
 

The available literature does not seem to indicate that the amount of dissolved 
oxygen in the water has a significant effect on the persistence of copper sulfate or the 
copper-complexes in the environment. This is because the dissipation rates of copper 
sulfate and copper-complexes are mainly dependent on pH, alkalinity/hardness and 
adsorption of the compounds to the sediment. Dissolved oxygen levels do not control 
the pH, alkalinity/hardness and adsorption to the sediment.  However, when the 
sediment-water interface is highly oxidized, copper may be released from the 
sediment in its toxic cupric state (Cu2+).  However, this effect may be balanced by 
pH.  At pHs between 5 and 6, the adsorption of copper, lead and zinc onto sediments 
increased abruptly since the amount of copper in its free state decreased dramatically 
between pHs of 3.8 and 6.0. At extremely low pH (2.5 to 4.2) copper was desorbed 
from particulates like MnO2, bentonite of solid humic acids.  This is expected since at 
pHs below 2.5, all the copper was in solution as free cupric ion. 
 
Under anaerobic conditions, copper readily forms copper sulfides like chalcocite 
(Cu2S) and covalite (CuS), cuprite (Cu2O) and metallic copper and readily 
precipitates out of solution (Demayo et al, 1982).  These effects (especially the 
formation of copper sulfides) are more likely to dominate in the removal of dissolved 
copper from water during the winter months in calcareous lakes or at other times 
when large amounts of hydrogen sulfide are produced.  Anaerobic conditions can 
occur due to the decay of dead and dying algae and aquatic vascular plants or due to 
the effects of added sulfate from copper sulfate treatments or the addition of sulfates 
due to runoff from fertilized terrestrial crop land or treatment of water bodies with 
other inorganic salts containing sulfate.  Sulfate can serve as a hydrogen acceptor in 
the absence of oxygen and eventually forms hydrogen sulfide from the metabolic 
processes of obligate and facultative anaerobes.  Where anoxic and reducing 
conditions exist, hydrogen sulfide will be released and some ferrous sulfide will be 
precipitated.  If the amount of ferrous iron removed is large, phosphate that would 
normally be complexed with that iron will remain in solution or be regenerated from 
sediment as iron is lost.  Hasler and Ensele (1948 in Hanson and Stefan, 1984) 
suggested that addition of sulfate to a lake will increase the production of H2S and 
fertilize the lake by accelerating the loss of iron and increasing the regeneration of 
phosphate from the sediments.  The release of phosphate from sediments or 
maintaining phosphate in water solution may cause a bloom in the blue-green algae.  
However, if the phosphate is not released from the sediment, there may be a shift in 
the total nitrogen:total phosphorous ratio against the formation of blue-green 
phytoplankton.  If diatoms, green algae and green flagellates are the predominant 
primary producers, it can be expected that the numbers of organisms in 
meroplanktonic communities, consisting of rotifers, glassworms and benthic 
bloodworms would increase dramatically.  Because of the toxicity that copper has to 
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plankton and fish, the tendency to produce anoxic conditions and its tendency to 
increase blue-green algal blooms due to increases in the phosphorous recycling, the 
commercial copper products (particularly copper sulfate) should not be used in an 
attempt to control eutrification in lakes.  However, if it is necessary to use copper 
sulfate to restore beneficial use of a water body or restore water quality to a potable 
drinking water reservoir, or prevent toxicity to humans or livestock due to the growth 
of blue-green algae, remediation efforts may be necessary to remove phosphate from 
the water and reoxygenate the water.  Water may be reoxygenated by the use of 
mechanical destratification methods and flushing, and phosphorous levels may be 
controlled in eutrophic lakes by the addition of alum flock, ferric iron, fly ash metals, 
or salts of aluminum or zirconium (Narf, 1985; Hawkins, 1988 and Goldman and 
Horne, 1983).  Similarly, Kortmann and Rich (1994) indicate that control of 
phosphorus concentrations is essential; eutrification can be controlled by controlling 
phosphate concentrations through the use of alum (aluminum sulfate) copper sulfate, 
sulfate loading, aeration and biomanipulation (the use of specific organisms which 
can alter the total nitrogen: total phosphate ratio). Dissolved oxygen (DO) primarily 
enters the water from the atmosphere and from the respiration of algae and 
submerged plants. Dissolved oxygen is consumed by fish and microflora in the water 
column and on the sediments, and by zooplankton and bottom-dwelling organisms 
such as aquatic insects and oligochaete worms. Plants also consume limited amounts 
of oxygen in their "dark cycle" metabolism at night. Decay of vegetation and other 
organic materials, primarily on the lake bottom, also consumes significant oxygen. If 
a thermocline forms, water circulation is impaired and the water below the 
thermocline will become anaerobic if all of the dissolved oxygen is consumed.  
However, heavy treatments with copper sulfate or the commercial copper-complexes 
caused the dissolved oxygen content (DOC) to drop to near zero in some cases.  For 
example, the EPA (1985) notes that the application of copper between 1966 and 1988 
caused two notable fish-kills.  Fish-kills can occur due to the direct toxic action of 
copper on fish in a treated water body (Hanson and Stefan, 1984 or Wisconsin DNR, 
1990).  However, Frank (1972) noted that when fish-kills occur they are more likely 
to be due to anaerobiosis rather than direct toxic effects of a registered aquatic 
herbicide. The U.S. EPA (1985) has expressed concern about oxygen depletion 
causing fish-kills.  They state that, “The use of copper sulfate in open bodies of water 
as an algicide can indirectly affect fish through oxygen depletion or gill clogging by 
dead organisms.  Following application, large numbers of bacteria feed on decaying 
plant matter, produce a scum and deplete the oxygen concentration.  If this occurs 
over the entire lake or pond, fish can be killed.  However, standard procedures 
suggest that only a portion of a lake (one-third) should be treated, thus allowing fish 
to leave the effected area.”  Wisconsin DNR (1990) has also noted that in 1961, a 
major fish-kill occurred 4 days after treatment due to low dissolved oxygen 
concentrations. Treatment of Budd Lake in the Fairmont Chain of Lakes (Minnesota) 
caused a large drop in the dissolved oxygen concentration, particularly at deeper 
depths, due to the decomposition of large amounts of dead algae.  Fish-kills in the 
Fairmont Lakes in 1946 and numerous times in the 1960s and 1970s were caused by 
locally heavy doses of copper.  Hanson and Stefan (1984) noted that most of these 
fish-kills occurred in Hall Lake and treatment of Hall Lake with copper sulfate 
caused oxygen to be depleted more rapidly after algal-kills than in deeper lakes.  
Since the surface of Hall Lake is very large relative to the other lakes in the Fairmont 
Lakes chain, fish were less able to escape from the anoxic waters into other lakes and 
therefore, suffocated. The commercial copper-complexes may also cause oxygen 
slumps in the water column of treated water bodies.  Daniel (1972) noted that 
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treatment of microcosms in a Franklin County (Wisconsin) pond with Cutrine® (2.2 
ppm) plus diquat (3.0 ppm) caused a drop in the dissolved oxygen content (DOC) 
accompanied by a major fish-kill within 24 hours of treatment. Before treatment, the 
dissolved oxygen content was 15, 11 and 15 ppm at 0, 30 and 90 cm depth; after 
treatment, the dissolved oxygen content dropped to less than 1.0 ppm and remained 
low for up to 12 days at the surface of the treated microcosms and at least 24 days at 
depths of 30 and 90 cm.  The dissolved oxygen content also decreased in microcosms 
that were treated with Cutrine® alone (2.2 ppm) or Cutrine® (2.2 ppm) plus 
endothall  (3.0 ppm) but only decreased to about 5 ppm at the surface of the water 
column while the deeper depths appeared to be anoxic (<1.0 ppm dissolved oxygen 
content).  Treatment of the microcosm with Cutrine® (2.2 ppm) plus diquat (1.5 
ppm) plus endothall (1.5) ppm also caused the surface water and water at 30 to 90 cm 
to become anoxic with a similar recovery time as was seen for the Cutrine® plus 
diquat treatment.  However, since significant fish-kills only occurred in the Cutrine® 
plus diquat treated microcosm, it is not clear if this fish-kill was due entirely to 
decreases in the dissolved oxygen content.  The fish-kill may have been entirely or 
partially due to the combined toxicity of Cutrine® plus diquat since this mixture is 
known to be synergistic (Simonin and Skea, 1977) or the toxic effects of this mixture 
may have been increased by the low dissolved oxygen concentration. The speed of 
restoration of oxygen in a natural lake would be dependent on water temperature, 
mixing throughout the water column, introduction of oxygenated water from 
elsewhere in the lake, and the contributions from algal and aquatic macrophyte 
respiration. In the case of a poorly mixed lake or of a treated shoreline area causing a 
heavy algae or macrophyte-kill, reoxygenation might be delayed. The effect would be 
more pronounced in lakes with heavy algae counts or macrophyte growth given a 
whole-lake treatment. 
 
As discussed previously, under aerobic aquatic conditions, the complexing agent 
from Komeen® (EDA) or K-Tea™ (TEA) may be rapidly metabolized to humic 
substance or DEA and MEA, respectively.  The terminal residue is carbon dioxide 
from both the EDA and TEA ligands.  It is likely that all copper-complexes liganded 
to EDA like Komeen® and Nautique™ would produce similar degradates (humic 
substances and carbon dioxide) under aerobic aquatic conditions.  It is also likely that 
all copper-complexes liganded to TEA like Cutrine®, K-Tea™, Clearigate®, and 
Captain™ would produce similar metabolites (DEA, MEA and carbon dioxide).  
Although bacteria have little impact on the dissipation of commercial copper 
products, they may dissipate other organic herbicides and pesticides that may be 
applied to the aquatic environment.  A number of microbes including strains of 
Candida glabrata (fungus), Pseudomonas syringae, P. fluorescens, Escherichia coli 
and Xanthonomus campestris, which may degrade organic pesticides, may be 
affected by copper sulfate at concentrations as low as 6.4 ppm Cu in laboratory 
culture.  While these concentrations may be encountered in terrestrial field soil, it is 
not clear if copper products used at typical rates for controlling algae and vascular 
aquatic plants, would adversely impact these species.  However, it is clear that 
resistant strains of these species would probably be unaffected by copper sulfate even 
at very high use rates [64 to 448 ppm (Yang et al, 1996 and 1997; Mehra et al, 1993; 
Voloudakis et al, 1993 and Spotts and Cervantes, 1995)]. However, Isolda and 
Hayakasaka (1991) and Bennett and Cubbage (1992) found that it takes very high 
concentrations of copper sulfate to inhibit the effects of bacteria in sediment.  Isolda 
and Hayakasaka (1991) found that 1,000 ppm copper sulfate inhibited phosphatase 
activity and 20 to 1,000 ppm inhibited methanogenesis in sediment bacteria.  
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However, the lower concentrations did not effect carbon mineralization, acetylene 
reduction, phosphatase or dehydrogenase activity. Bennett and Cubbage (1992) found 
that sediment concentrations of up to 890 ppm Cu (0.440 ppm in pore water) had no 
adverse impact on Photobacterium phoshoreum in Microtox® bioassays, and in fact, 
this species often appeared to be more active in light output at these high 
concentrations of sediment copper than in the control.  However, high concentrations 
of copper in the sediment decreased the exogenous microbial enzyme activity 
(alkaline phosphatase, dehydrogenase, β-galactocidase and β-glucosidase) in 
indigenous sediment bacteria from Lake Steilacoom. This decrease in enzyme 
activity was found to be dosage-related at all sediment and pore water copper 
concentrations ranging from 400 to 900 ppm Cu and 150 to 450 ppm Cu, 
respectively. Such depression of microbial enzyme activity may be an early warning 
indicator of chronic contamination in water bodies that have been treated heavily 
with copper sulfate.  These results indicate that the “severe effect level” (110 ppm 
Cu) for copper in sediment promulgated in the Quebec Provincial Guidelines (1992 
in Serdar, 1995) may have some merit.  This Guideline has been used by “Ecology’s 
Water Quality Program” to determine the permissibility of copper applications.  Sites 
where sediment copper concentrations are ≥110 ppm Cu are generally not approved 
for treatment with copper products by Ecology 

 
Spare (1996a and 1996b) determined the half-life for Komeen® and K-Tea™ in the 
laboratory to be 0.07 and 7.0 days, respectively.  This half-life has been largely 
verified by field studies that indicate that the water dissipation half-life is ~0.5 to 2.2 
days for Komeen® (Rodgers et al, 1992 and Winger et al, 1984) and approximately 
6.0 days for Cutrine® (Gangstad, 1978).  However, the dissipation half-life of these 
products under anaerobic aquatic conditions has not yet been determined.   
 
In moving water that has been treated with a single slug of copper sulfate at rates of 
approximately 1 lb/ft3-sec (~1 to 4.0 ppm Cu at 0.5 to 1.0 miles downstream), the 
dissipation of copper from the canal was very rapid (EPA, 1985 and Nelson et al, 
1969).  At any given position downstream from the canal, the estimated half-lives are 
very short and range from a few minutes to less than a day with concentrations of 
copper that are higher than background (0.001 to 0.002 ppm Cu) lasting for up to 4 
days.  However, these estimated half-lives and time to total dissipation may be 
misleading since high or peak concentrations occurred for only a few minutes.  
Nelson et al (1969) estimated that high or peak exposure concentrations typically 
lasted for only 2 minutes at 0.5 miles downstream from the treatment site which was 
not a long enough exposure to cause mortality in caged (sentinel) rainbow trout.  
However, concentrations of copper that may be toxic to sensitive fish like rainbow 
trout or cutthroat trout (LC50 = ~ 0.03 to ~0.2 ppm Cu) in hard to intermediately hard 
waters typically last for less than 1 or 2 hours (EPA, 1985 and Nelson et al, 1969).  In 
the rapidly moving waters (Farmers Ditch Irrigation Canal, Loveland Colorado) 
continuous treatment rates at concentrations up to 0.2 ppm Cu for the control of 
Potamogeton pondweeds did not adversely impact fish or invertebrates.  Healthy 
populations of fish (yellow perch, minnows, carp, and trout) and invertebrates 
(crayfish, mayfly larvae and midge larvae) were found at the end of each irrigation 
season (May to October of 1966, 1967 and 1968).  Since continuous concentrations 
were not above 0.2 ppm Cu (~0.1 to 0.19) and 0.02 to 0.05 ppm Cu) at 0.25 to 1 mile 
below the treatment site during the 1966 and 1967 treatment season, it is not 
anticipated that these copper treatments would cause adverse impact on most resident 
fish and invertebrates.  However, the concentrations of copper in Farmers Ditch was 
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much higher (0.19 to 0.5 ppm Cu) from 0.25 to 6.3 miles downstream from the 
treatment site during the 1968 season (Gangstad, 1986 and EPA, 1985).  It is unclear 
from the data if continuous treatment at these rates will adversely impact indigenous 
fish and invertebrates.  However, it was implied by Gangstad (1986) that fish in these 
treatment areas during the 1966 to 1968 season remained in good condition.  It is 
noteworthy that the target concentrations at Farmers Ditch were 0.19, 0.05 and 0.50 
ppm Cu during the 1966, 1967 and 1968 irrigation seasons, respectively. Near the 
application site (0.25 to 1.1 miles downstream), the measured concentrations at 0.1 to 
0.19, 0.02 to 0.05 and 0.4 to 0.5 ppm Cu were similar to the target concentrations.  
 
In Washington State during the 1966 irrigation season, the East 14.7 Lateral 
Irrigation Canal treated with copper sulfate pentahydrate once per day at rates of 1 
lb/ft3-sec, had maximal concentrations that ranged from 0.05 to 0.14 ppm Cu at a 
sampling site that was near to the point of application. As the water traveled 
downstream, the copper concentrations quickly dissipated to concentrations that were 
below the maximal concentration seen in untreated areas (0.02 to 0.07 ppm Cu).  
However, the maximal water concentrations were quite high (0.29 ppm Cu) on 
September 12, 1966 at an undetermined distance downstream from the treatment site 
(Bartley and Cohan, 1967 in EPA, 1985). 

 
• Trophic state 
 

The trophic state of a water-body should not have any affect on the degradation of 
copper products, particularly inorganic copper salts like copper sulfate. Elemental 
copper in copper sulfate or the commercial copper-complexes are not degraded by 
microflora and therefore, the elemental copper in these products is not strongly 
influenced by presence or absence of microflora.  However, as discussed before, the 
complexing organic ligands (EDA or TEA) may be degraded under aerobic or 
anaerobic conditions by the action of microbes including fungi, bacteria and algae. 
 
The trophic state of a water body may be influenced by treatment with any aquatic 
herbicide and copper sulfate and the commercial copper-complexes are not an 
exception. 
 
As was previously discussed, treatment with copper sulfate or the commercial 
copper- complexes, may cause the release of plant nutrients like phosphate and 
nitrogen due to the decay of dead and dying algae and aquatic vascular plants. For 
example, after treatment of microcosms in Franklin County (Wisconsin) with 
Cutrine® alone (2.2 ppm), Cutrine®  (2.2 ppm) plus diquat (3.0 ppm), Cutrine® (2.2 
ppm) plus endothall (3.0 ppm) or Cutrine® (2.2 ppm) plus diquat (1.5 ppm) plus 
endothall (1.5 ppm) the concentration of ammonia increased over background levels 
only in the Cutrine® plus diquat and Cutrine® plus diquat plus endothall treatments.  
In these treatments, the increase in ammonia was 3- to 10-fold over the control (0.030 
to 0.060 ppm) and maximum concentration occurred 4 to 8 days after treatment.  In 
the other treatments, ammonia concentrations did not increase due to treatment with 
the herbicidal mixtures (Daniel, 1972).  In none of the treatments was the 
concentration of nitrates and nitrites found to be correlated with herbicide treatments.  
The only other occurrences of high concentrations of ammonia in any of the treated 
microcosms were at 170 and 210 days after treatment (up to 0.400 ppm) and this 
happened only at times that oxygen stress conditions occurred.  In these same 
microcosms, phosphorous concentration (total phosphorous, dissolved phosphorous, 
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particulate phosphorous, dissolved orthophosphate and dissolved organic 
phosphorous) were released after aquatic herbicide treatment.  Maximum 
concentrations of phosphorous were 0.496 to 0.530 ppm as total phosphorous 
approximately 8 days after treatment, 0.464 to 0.456 ppm as soluble phosphorous and 
0.363 to 0.370 ppm dissolved orthophosphate.  The concentrations of phosphorous 
gradually diminished after treatment with Cutrine® plus diquat so that concentrations 
of phosphorous returned to background levels approximately 80 days after treatment.  
Similar maxima were seen in the Cutrine® plus endothall treatment.  However, the 
maximum concentrations did not occur until the 32nd to 40th day after treatment and 
the phosphorous concentration persisted for 240 days after treatment.  In the 
microcosm treated with Cutrine® alone, only small increases in total phosphorous 
occurred (0.143 to 0.149 ppm) 4 days after treatment, and concentrations of 
phosphorous returned to background levels after 80 days.  As occurred in the case of 
ammonia-nitrogen, high concentrations of total phosphorous and orthophosphate only 
occurred when the dissolved oxygen content of the water was low.  Increase in 
nutrient levels was obviously occurring due to the decay of dead algae and 
macrophytes.  However, the algal blooms did not generally co-occur with the 
increases in nutrient concentrations (Daniel, 1972).  
 
Treatments of water with copper sulfate have also caused increases in the 
concentrations of plant nutrients.  For example, treatment with copper sulfate (0.86 
ppm Cu) plus diquat (1.0 ppm c.e.) or Cutrine® [0.46 ppm Cu plus diquat (1.0 ppm 
c.e.)] to control Hydrilla verticillata in the Inglis Reservoir (Florida) caused an 
increase in the ammonia concentration (0.26 ppm) immediately after treatment which 
remained high during the first month (0.17 to 0.18 ppm).  Nitrate nitrogen decreased 
slowly.  Since the dissolved oxygen concentrations were generally low (5.7 to 6.8 
ppm), the nitrate concentration decreased and the ammonia concentration increased 
(Gangstad, 1978).  Phosphate concentrations generally increased after treatment of 
the Fairmont Lakes (Minnesota) with copper sulfate pentahydrate for the control of 
algae (particularly blue-green algae) at standard use rates.  As was discussed 
previously, much of the phosphorous necessary for algal growth in the Fairmont 
Lakes is released from sediments and recycled to surface waters. Phosphorous may 
be released when anoxic-reducing conditions (low redox potential) occur and 
dissolved phosphorous concentrations may be as high as 0.1 to 0.2 ppm during the 
summer treatment season when copper sulfate is being applied once every few weeks 
for the control of algae.  The decomposition of dead and dying algae causes an 
aggravated decrease in the dissolved oxygen concentration, which increases the rate 
of phosphate release.  Obligate and facultative anaerobic microbes can use the sulfate 
from copper sulfate applications as a hydrogen acceptor eventually forming high 
concentrations of hydrogen sulfide in the sediment.  When anoxic-reducing 
conditions occur, hydrogen sulfide will be released and iron may be functionally 
removed from the sediment by the formation of ferrous sulfide.  Since ferrous iron is 
no longer present in concentrations high enough to inhibit the release of phosphate 
from the sediment into the hypolimnion, the phosphate concentrations in the water 
column will increase.  The addition of copper sulfate may increase the concentration 
of phosphate to a level where the total nitrogen:total phosphate ratio favors the 
growth of blue-green algae. However, this effect can be mitigated by controlling the 
water quality with destratification procedures to oxidize the water and sediment, and 
the addition of appropriate amounts of alum (alum sulfate), copper sulfate and the use 
of biomanipulation (adding microorganism) that will adjust the total nitrogen:total 
phosphate ratio so that blooms of blue-green algae are not favored (Kortmann and 
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Rich, 1994).  Phosphate levels can also be decreased by the addition of ferric iron, fly 
ash metals, or salts of aluminum or zirconium (Goldman and Horne, 1983).  
 
The trophic state of a natural water body may exert an indirect influence on it by 
decreasing the persistence of organic ligands which could complex with and remove 
copper, degrading the complexing agents found in commercial copper-complexes or 
degrading organic herbicides and other pesticides that are applied to control algae, 
weeds, nuisance invertebrates or disease vectors. Because eutrophic (high nutrient 
concentrations) and high-end mesotrophic lakes are likely to have a larger 
macrophyte population, they are more likely to be included in an aquatic weed 
control plan. Therefore, a larger population of microflora, which may degrade 
various organic ligands or pesticides, can be expected to be present and persistence of 
these organic ligands and pesticides would be expected to be shorter. Conversely, 
when a large pool of carbon is available from decaying plant and animal matter, 
various organic ligands and pesticides may not be utilized by microorganisms as 
readily as in lower-trophic state lakes. For a detailed discussion on how the trophic 
level of a water body may effect the degradation of organic pesticides, please see 
Sections 3.5.3 and 3.6 of Volumes 2, 3, 4 and 5 of this Supplemental Environmental 
Impact Statement (SEIS) for aquatic herbicides. One possible negative effect of a 
eutrophic state on organic ligand or pesticide persistence should be mentioned. As 
stated above, the high nutrient levels usually give rise to a dense population of algae 
and various macrophytes as well as phytoplankton and benthic organisms. In any lake 
there is a continuous process of decay of a large number of dead organisms 
occurring, particularly on the lake bottom. In a eutrophic lake, a proportionately 
larger amount of decaying organisms can be expected. The first stages of this decay 
are generally aerobic, which uses dissolved oxygen. If conditions occur such as poor 
water circulation, the formation of a thermocline, or a population crash of a dense 
species population, the bottom of the lake (and possibly shallower depths) can 
become anaerobic. The inhibiting effects of low DO on pesticide- and organic ligand-
degrading microorganisms then may become a significant factor in the persistence of 
these organic molecules. 

 
• Adsorption to sediment 
 

Removal of copper sulfate and the copper-complexes from the water column by the 
sediment is the most important dissipation mechanism.  The sediment acts as a sink 
for copper in the aqueous environment.  In fact, Bennett and Cubbage (1992) found 
that sediment levels of copper in Lake Steilacoom were >180 to ~1,000 mg/kg due to 
25 years of treating with copper sulfate for algae and aquatic weed control.  Sediment 
characteristics that affect copper toxicity include organic matter [particularly humic 
substances (humic acid, fulvic acid and humin)], hydrous manganese oxides, hydrous 
iron oxides, aminosilicates and clay [particularly kaolinite, illite and montmorillonite 
(Roper, 1990 in ACP, 1999)] and organic ligands.  
 
Harrison (1985) stated that sorption to the sediment are affected by 1) Organic 
Carbon (OC) concentration of the soil and water; 2) particulate size distribution; 3) 
pH and; 4) copper concentration in the soil. The OC content is affected by seasonal 
fluctuations and man-made disturbances. The role of OC content depends on the 
quantity and compositions of the organic constituents. Sorption to particulate matter 
is affected by pH. The amount of Cu+2 removed from the water is pH dependent.  
Copper concentrations in water as high as 1.0 ppm did not significantly change the 
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affinity of copper for illite particles. Data indicates that at the range of copper 
concentrations and pHs found in most ecosystems, the fraction sorbed to particles 
would be expected to be independent of stable copper concentrations. 
 
In most natural water bodies, copper is apportioned as follows: 
 
0.01% to 0.1% free hydrated cations (Cu2+•6[H2O]) 
1% to 10% inorganic ligands [CuCO3, Cu(OH)2], CuOH-, CuCO3H-, etc. 
30% to 99% complexed by dissolved and colloidal organic material (Cu-humic acid, 
etc.) 
25% to 99% associated with suspended particles (Sloof et al, 1989 in ACP, 1999) 
 
“(Insoluble) copper associated with suspended particles and organic material (approx. 
>0.45 μmeter diameter) will settle out of suspended aqueous phase through gravity.  
The rate of settlement is determined by particle size and density as well as speed and 
turbulence of the water” (ACP, 1999).  Therefore, it seems likely that the sediment 
concentration of copper will be highest in areas where water is slowing down, such as 
boundary areas between lotic (streams and rivers) and lentic systems (lakes, ponds 
and reservoirs) or boundaries between rivers and estuaries.  In estuaries, the tidal flux 
also allows for the deposition of particulates.  Chelation and the adsorption process 
govern biological availability of copper.  As discussed before for soils, bacteria and 
invertebrate species influence the form that copper will take.  Bacterial degradation 
effects the specification of organically bound copper.  Cupric copper forms 
complexes with a variety of inorganic ligands including carbonate, chloride, 
hydroxide, nitrate and sulfate; cupric copper also forms complexes with organic 
ligands including amino acids, amino sugars, alcohols and urea.  Suspended solids 
generally consist of copper that has bound to humic substances and colloidal 
material.  Because of all of these processes that remove copper from the water into 
the sediment, less than 1% of the resident copper is biologically available in natural 
waters (Sloof et al, 1989 in ACP, 1999).  The effects of pH and alkalinity on the 
precipitation of copper into sediment have been discussed extensively in previous 
sections.   
 
Harrison (1985) studied the effect of physiochemical form on copper availability to 
aquatic organisms. In order to do this she looked at the effects of salinity, 
concentrations of organic and inorganic constituents on copper from power station 
effluents.  She found that bioavailability of copper is related to concentrations of 
inorganic and organic ligands in the soluble phase and the affinity for copper for 
metal binding sites in the particulate phase. 
 
Ecology (1992) evaluates copper sediment levels based on existing criteria. For 
example, they consider the marine sediment criteria for copper to be 390 mg/kg dry 
weight (ppm dry). Ecology (1992) also notes that various agencies in Canada and the 
U.S. have established freshwater-sediment copper criteria that range from 16 to 110 
ppm. For example, Sanchez and Lee (1978) found >600 mg/kg copper deep sediment 
but only 250 ppm Cu in surface sediment in sediment samples from Lake Monona 
(Wisconsin). This lake had been treated with over 1.5 x 106 pounds of copper in the 
last 50 years to control algal growth. Bennett and Cubbage (1992) also found 
sediment levels ranging from 180 to 1,100 ppm in Lake Steilacoom. These levels of 
copper exceed the severe effect level of 110 mg Cu/kg dry weight established by the 
Ontario Ministry of the Environment.  
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Rodgers et al (1992), studying herbicide applications in the Guntersville Reservoir 
(Alabama), found that sediment levels of copper increased rapidly for the first 6 
hours after application with Komeen® (0.4 ppm) plus diquat (0.4 ppm). After 48 
hours the concentration of copper in sediment, relative to water was 316.2-fold. 
Copper concentrations in the sediment remained high, relative to concentrations in 
water, which suggests sorption to the sediment.  However, due to fairly rapid 
movement of water in this reservoir, the maximum concentration of copper in 
sediment remained fairly low with the background concentrations of copper (6.0 ppm 
Cu) rising to 8.3 ppm Cu and 8.0 ppm Cu at 2 and 29 days after application.  The 
highest concentrations of copper found in the sediment did not appear to be harmful 
to the monitored sediment organisms (unspecified molluscs) although the 
concentration of copper accumulated in these organisms at 21 hours (~84 ppm Cu) to 
approximately 2-fold higher than the control (38 ppm Cu).  
 
In situations where there was no flow-through, a pool treated with Komeen® at 15 
gallons of Komeen®/surface acre and 1 gallon of diquat per surface acre accumulated 
copper on detritus (sediment containing large amounts of organic material) at 
concentrations up to 177 ppm Cu at 14 days after treatment.  At 14 days after 
treatment the copper concentration in sediment (177 ppm Cu), relative to water (0.02 
ppm Cu) was 8,850-fold.  The concentration of copper in sediment steadily increased 
during the 2 weeks that this outdoor pool was studied.   In field studies conducted in 
the Loxahatchee National Wildlife Refuge, when Cutrine® plus diquat was applied at 
0.28 ppm plus 0.28 ppm, copper did not accumulate substantially in the detritus; 
concentrations of copper in the detritus rose from ~14 ppm prior to treatment to ~20 
ppm Cu 1 week after treatment.  The concentration of copper in sediment relative to 
water was 875-fold.  Although the concentration of copper accumulated in the mantle 
tissue of apple snails (~80 to 82 ppm Cu) to approximately 4- to 6-fold higher than in 
the control (~17 to 22 ppm Cu), a toxic response was not observed.   Therefore, it 
was concluded that treatment with Cutrine® plus diquat for the control of Hydrilla 
verticillata does not appear to be responsible for the decline in apple snail (Pomacea 
paludosa) populations in the Loxahatchee National Wildlife Refuge and application 
at recommended use rates should pose no threat to these snails in the organically rich 
waters of Southern Florida.  The maintenance of significant populations of the apple 
snail in Southern Florida is key to protecting the endangered snail kite and other 
species of birds, alligators, turtles, aquatic invertebrates and raccoons, which also 
depend on the apple snail as an important prey species (Winger et al, 1984). 
 
In other situations, copper from treatment with copper sulfate pentahydrate for many 
years has accumulated to very high concentrations on sediment.  For example, after 
treatment of the Fairmont Lakes (Minnesota) from 1921 to 1964 with copper sulfate 
at rates ranging from 0.15 to 1.5 ppm copper sulfate (0.0375 to 0.375 ppm Cu), the 
sediment adsorbed copper extensively.  The concentration of copper in the sediment 
of these lakes ranged from 14 ppm Cu in Wilmert Lake that was never treated with 
copper to 170, 1,000, 1,200, 2,000 and 5,600 ppm Cu in Amber lake, Sisseton Lake, 
Hall Lake, George Lake and Budd Lake, which had been extensively treated with 
copper at least 5 times per year for over 40 years.  The concentrations of copper only 
decreased after dredging and a cessation of copper treatments for 2 to 9 years.  In 
1981, the concentrations of copper in the sediments of Wilmert, North Silver and 
South Silver Lake, which had not been treated with copper sulfate ranged between 19 
and 47 ppm Cu.  However, in the lakes that had been treated, the concentration of 
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copper in the sediment was found to be 162, 300, 919, 233, 943 ppm, respectively, 
after dredging.  Cores indicated that there was little tendency for copper to migrate 
downward in these lakes, and almost all of the copper remained in the top 10 
centimeters even though sediment accumulated at rates of 0.12 to 0.49 cm/year and 
50 to 60 cm of sediment have accumulated in the last 115 years (Hanson and Stefan, 
1984).  In Lake Monona (a similar lake located in Wisconsin), when the lake was 
untreated for 2 seasons (1969 to 1970) the concentrations of copper at 60 cm was 650 
ppm Cu while the concentration of copper in the top 10 cm was only 250 ppm Cu, 
which indicates that the contaminated sediment in Lake Monona was extensively 
covered over by sediment that had been transported from tributary streams that had 
not been treated with copper sulfate (Sanchez and Lee, 1978).  However, this 
decrease in surface copper sulfate levels due to sedimentation effects appears to be 
unusual.  Numerous studies support the notion that retention of copper in sediment is 
strongly influenced by the presence of organic material (Chu et al, 1978 in Ecology, 
1992).  Organic material may be bound to the surface of particulate material and from 
this site acts upon the metal (Murray, 1973 in Ecology, 1992).  Walter et al (1974 in 
Ecology, 1992) determined the occurrence of copper and other trace elements in lake 
sediment cores and found significant enrichment for most metals including copper in 
the upper 30 cm of sediment.  They speculated that the principal factors for this 
enrichment phenomenon were oxidation-reduction reactions resulting from the decay 
of organic material under anaerobic conditions and induced bicochemical reactions in 
microbes under stress.  Other experiments demonstrated that heavy metals in 
sediments showed upward migration resulting from bacterial mechanisms.  Thus 
even with continuous sedimentation, copper is likely to remain concentrated in the 
upper strata of sediments (Chu et al, 1978 in Ecology, 1992).   
 
It is interesting that the benthic animal numbers and diversity in lakes that had their 
sediment extensively contaminated with copper were greatly diminished; the 
Fairmont Lakes that had been treated with copper sulfate were almost completely 
devoid of benthic macroinvertebrates prior to dredging in 1964.  However, the 
numbers of these benthic sediment organisms increased to 6,128, 2,245, 2,168, 1,292 
and 2,815 animals/meter2 in Amber Lake, Sisseton Lake, Hall Lake, George Lake 
and Bud Lake, respectively, which was fairly well correlated with the lower mean 
copper concentrations that occurred after dredging (Hanson and Stefan, 1984).  
Although the concentration of copper in the surface sediment at Lake Monona could 
be as high as 250 ppm Cu at 2 years after cessation of copper treatment, no long-term 
adverse effects have occurred from the use of copper sulfate to control algae in this 
lake. Lake Monona provides an excellent sports fishery and no long-term effects 
were observed during a study designed to detect chronic sub-lethal effect of copper 
on aquatic organisms (Sanchez and Lee, 1978).  
 
Lakes in Washington (Lake Steilacoom and Sylvia Lake) have also accumulated high 
concentrations of copper in the sediment.  After 25 years of treatment at rates that 
were typically around 2.2 lbs copper sulfate per acre-foot (0.821 ppm = 0.205 ppm 
Cu), the concentration of copper in the sediment of Lake Steilacoom ranged from 180 
to 1,100 ppm Cu.  Concentration of copper in Lake Steilacoom were very high and 
exceeded the Quebec Provincial Sediment Quality Guidelines (1991, in Bennett and 
Cubbage, 1992) and the guideline for copper in heavily polluted harbor sediments 
(USEPA, 1981 in Bennett and Cubbage, 1991) of 110 and 50 ppm Cu, respectively.  
Concentrations of copper found in Lake Steilacoom sediment would be expected to 
cause adverse impact on sediment organisms since they exceed the “severe effect 
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level” (110 ppm Cu), which Ecology’s Water Quality Program has used to determine 
the permissibility of copper applications.  Sites where sediment copper 
concentrations exceed 110 ppm Cu are generally not approved for treatment.  Use of 
the Hillsenhoff Biotic Index (HBI) indicates that the north basin of Lake Steilacoom 
was much less polluted (HBI = 6.9) than the south basin (HBI = 9.3), and typically 
those sites with an HBI of greater than 8 to 10 are considered to be highly polluted.  
More subjective evaluations indicate similar degrees of copper contamination. The 
dominant north basin benthic organisms such as the oligochaete Ophidonais 
serpentina and the water flea Simocephalus vetulus are pollution intolerant while the 
dominant south basin benthic organisms such as the bloodworm larvae Chironomus 
spp. and the oligochaete Bothrioneurum vejdovskyanum are pollution intolerant.  
These biological indicators of pollution indicate that the level of pollution can vary 
considerably in different areas of Lake Steilacoom.  Although the concentrations of 
copper in Black Lake (31 to 32 ppm Cu) are much less than in Steilacoom Lake (180 
to 1,100 ppm Cu), pore water and sediment from Black Lake was toxic to free-
swimming invertebrates (Daphnia magna and Ceriodaphnia dubia) and sediment 
organisms (Hexagenia limbata and Hyalella azteca) at concentrations of 0.011 and 
24 ppm Cu, respectively.  However, the pore water copper concentrations (0.440 ppm 
Cu) and sediment copper concentrations (890 ppm Cu) from Lake Steilacoom are 
only toxic to the sediment organisms; these concentrations of pore water and 
sediment copper are not toxic to the free-swimming invertebrates. It is fairly obvious 
that factors other than sediment copper concentrations are causing water quality 
impairment in Black Lake since the toxic effects of sediment and pore water from 
Black Lake can be decreased or eliminated by aeration.  However, it is not clear 
whether high concentrations of copper or some other undetermined factor is causing 
water quality impairment in Lake Steilacoom.  These toxicity tests cannot determine 
the actual cause of water quality impairment.  Therefore, the available data do not 
indicate whether the addition of copper or other pollutants are influencing the overall 
health of Lake Steilacoom. 
 
Although no evaluation of the biological effects of copper in sediment from Sylvia 
Lake was conducted, concentrations of copper in this sediment varied from 99 to 201 
ppm before treatment and 80 to 258 ppm Cu after treatment of the eastern two-thirds 
of this lake with 0.5 ppm Cu copper sulfate.  These sediment concentrations also 
exceed the Ontario Provincial Guidelines for sediment quality (110 ppm Cu) and it is, 
therefore, likely that severe effects will occur in this lake.  
 
Copper concentrations can accumulate to very high levels in the sediment.  In sites 
untreated with copper sulfate, the concentration of copper in freshwater sediments 
can be very high in areas located at or near hydroelectric impoundments (up to 
~8,000 ppm), copper mine drainage or tailing areas (up to 3,860 ppm Cu), copper and 
nickel smelters (up to 18,259 ppm Cu) and other unspecified industrial sites [up to 
2,500 ppm Cu (Suedel et al, 1996 and Harrison, 1985 citing various authors)].  
Where copper has been used as an algaecide in lentic systems at standard use rates 
for many years, the concentration of copper in sediment can be very high.  As 
mentioned before, sediment copper concentrations have been high in Lake Monona 
(50 to 600 ppm Cu), the Fairmont Lakes chain (maximum copper concentrations 170 
to 5,600 ppm Cu), Lake Steilacoom (180 to 1,100 ppm Cu) and Sylvia Lake (80 to 
258 ppm Cu). Reinert and Rodgers (1987) noted that when copper is removed by 
adsorption to the sediment, it will remain in the sediment indefinitely.  Although 
sorption of copper is very long-term, many sediments may be regarded as inefficient 
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ion exchange materials for copper ions and the ready regeneration of much of the 
adsorbed copper under high salt conditions (0.2 M TRIEN + 50,000 ppm potassium 
nitrate) suggests that copper may be in a relatively labile form when adsorbed to Peel 
or Ramsey Harbor sediment.  Copper will only be permanently retained if it reacts 
with sulfides (acid volatile sulfides) or other ligands to form insoluble compounds.  
Therefore, adsorption of free copper ion present in river water to estuary sediments 
would not be expected to be a permanent process (Teggins and Slinn, 1985).  
Furthermore, Harrison (1986) found that “copper that is sorbed to particles may be 
desorbed upon dilution in a water stream or upon a change in the kinds and quantities 
of organic material in water”. Harrison (1986) noted that in the absence of dissolved 
organic matter, significant desorption from sediment may occur.  However, Stern 
(1975 in Harrison, 1986) found that insignificant amounts of copper were desorbed 
from particles and attributed this to the high affinity of copper for particles.  “The 
amount of desorption from particles would be expected to decrease with time because 
sites within the coatings and within the crystalline matrix are less accessible.”    
 
Field data indicate that the adsorption of copper to sediment in lentic systems can be 
very high and persistent. However, sediment found in rapidly moving water, which is 
found in irrigation canals may or may not be adsorbed for the long-term.  For 
example, when the Farmers Ditch Irrigation Canal was treated continuously at rates 
of 0.19, 0.05 or 0.5 ppm Cu, 60% of the applied copper remained adsorbed to the 
ditch bottom.  However, at the end of each treatment season, the concentration of 
copper in sediment was 19 to 51, 21 to 209 and 19 to 104 ppm Cu, respectively, and 
at most sampling sites the concentrations of copper in the sediment remained below 
50 ppm Cu when the treatment rate was 0.05 or 0.19 ppm Cu and below 100 ppm Cu 
when the treatment rate was 0.5 ppm Cu.  Therefore, these sediments would not, in 
general, be considered to be significantly contaminated.   
 
During treatment of the Roza Main Canal (Sunnyside, Washington) with copper 
sulfate, copper did not significantly adsorb to the bottom sediments.  For example, 
before treatment, the concentration of copper in the bed-sediments was low (3.9 to 
8.1 ppm Cu) and after treatment with a single slug at 1 lb/ft3-sec, copper 
concentrations rose to 6.1 to 9.8 ppm Cu within 2 to 3 days after application.  
However, the concentration of copper in sediment returned to background levels 
within about 7 or 8 days.  This indicates that copper can be released from sediment 
into a flowing stream probably by hydrolysis.  Copper may also have been removed 
by the scouring action of the flowing water on the bottom sediment since copper 
concentrations were 220 to 6,246 ppm Cu in suspended sediment; and prior to 
treatment, copper concentrations in suspended sediment were not higher than 29 ppm 
Cu (Nelson et al, 1969).  Daily treatment of similar lateral canals in Washington 
(East 14.7 Lateral Canal) for 4.5 months with 1 lb Cu/ft3-sec resulted in an increase 
of sediment copper concentrations from 20 ppm Cu to ~120 ppm Cu.  This was in 
sharp contrast with the lower concentration (up to 9.8 ppm Cu) found in sediment 
from the Roza Main Canal that was only treated 1 or 2 times during the season.  Soils 
watered with copper treated water did not show increases in their copper content 
during the course of the studies with typical copper soil concentrations remaining 
around 20 to 25 ppm Cu at the start and end of the irrigation season or at the end of 
up to 3 irrigation seasons (Gangstad, 1987; Nelson, 1969 and Bartley and Cohan, 
1967 in EPA, 1985).  
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• Transport and dilution 
 

The most important and obvious physical processes affecting copper concentration is 
adsorption to sediment and seston, particularly that containing even small amounts of 
hydrous metallic oxides, organic matter or clay (kaolinite, illite or montmorillonite).  
The decrease in copper concentration due to the mixing of water can be substantial, 
particularly in large, deep, water bodies. However, even in relatively small water 
bodies [i.e. Sylvia Lake (15 acres)] mixing can dilute a copper treatment by ~10-fold 
in only 1 day.  When two-thirds of Lake Sylvia was treated with copper sulfate at 0.5 
ppm Cu  (5.0 lbs/surface acre), copper concentrations could be very high in the 
treated areas (0.115 to 0.205 ppm Cu) within 1 hour after application.  However, in 
untreated areas, the concentration of copper was not generally detectable (<0.003 to 
0.040 ppm Cu).  Nevertheless, within 24 hours after treatment, the whole lake 
concentrations ranged between 0.057 and 0.082 ppm Cu in both treated and untreated 
portions of the lake. These concentrations were reasonably close to the predicted 
water concentrations (0.062 ppm Cu) for copper in this lake if the volume of the 
whole lake is considered to be the treatment site.  Copper was transported into the 
upper outlet stream within 24 hours. The concentration of copper (0.077 ppm Cu) in 
the upper outlet stream was similar to that seen in the body of the lake. This indicates 
that the extremely soluble copper sulfate (850,000 ppm Cu) is easily transported 
within the lake by currents and is readily transported out of a treated lake by outlet 
streams.  By the time the water reached the lower outlet stream, the concentration of 
copper had decreased to ~0.010 to ~0.020 ppm Cu.  Furthermore, by the time the 
upper outlet steam emptied into the Mark Dickinson Creek, the concentration of 
copper in water was no longer detectable [<0.003 ppm Cu (Serdar, 1995)].  The 
Wisconsin Department of Environmental Resources (1990) also observed from 
biological results, that copper from copper sulfate treatments may readily drift or be 
transported into stream outlets adjacent to lakes and beaches that had been treated at 
high rates to control swimmers itch. High concentrations of copper apparently drifted 
(or were transported) into adjacent outlet streams resulting in the death of some 
resident trout, which are known to be especially susceptible to copper toxicity. 
Obviously, the larger the area of a lake that is treated, the more water current will be 
needed to dilute and disperse the herbicide, with the extreme case occurring in 
whole-lake treatments.  However, due to the high toxicity of copper to fish and its 
tendency to cause low dissolved oxygen conditions, it is not recommended that more 
than one-half to two-thirds of a water body be treated at one time; and re-treatment of 
the water body should not occur for 1 to 2 weeks after the original treatment.  

 
In lakes without significant inflow or outflow, most dilution of copper-treated water 
will occur through vertical movement in the water column. Solar heating is not as 
important to water movement in these lakes as the effects of wind. While sunlight can 
heat the surface waters, little vertical circulation occurs. Wind can induce mixing 
between water depths even at low velocities. Surface water driven against a shoreline 
is forced downward and mixes with lower depth water, diluting the pesticide 
concentration of the surface water and may carry it into contact with sediment-
dwelling microflora or benthic macroinvertebrates.  However, the only field study 
conducted with copper was to determine its long-term mixing in the water column 
through fall and or spring overturns.  Lake Monona (Wisconsin) had not been treated 
with copper sulfate for 2 years.  However, the concentration (0.0038 ppm Cu) of 
dissolved copper [excluding Cu(OH) 2] in the epilimnion was 10-fold higher than the 
concentration (0.0003 ppm Cu) in the hypolimnion.  The relatively high and stable 
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concentrations of dissolved copper in the epilimnion were probably due to the 
formation of soluble stable copper carbonate complexes (alkalinity 3.3 meq/L) high 
enough to complex and detoxify all of the free copper in the epilimnion. Contrary to 
the case with dissolved copper, particulate copper concentrations (0.0003  to 0.0015 
ppm Cu) increase slightly with depth and the concentration of dissolved copper in the 
hypolimnion is controlled by equilibrium with copper sulfide particularly during 
anoxic conditions because of the insolubility of copper sulfide.   The concentration of 
dissolved copper in the epilimnion (probably as copper carbonates) increases as pH 
decreases between pH 9 and pH 7.  If pH increases, particularly above pH 8, the main 
soluble copper complex in the epilimnion will be Cu(OH)2.  Although the 
concentration of dissolved copper contributed by Cu(OH)2 at high pHs (8.7 to 9.0) 
was quite high (~0.11 to 0.12 ppm Cu), Sanchez and Lee (1978) excluded this copper 
species from the total dissolved copper concentration in Lake Monona.  It is difficult 
to understand why this was done since most authors include Cu(OH)2, but not basic 
copper carbonate [CuCO3 ], as part of the total toxic copper [Cu+ , CuOH+, Cu(OH)2

 

and  Cu2(OH)2
+ ].  It is fairly clear that all of the copper species considered to be part 

of the “total toxic copper” are toxic to algae since difficult species of algae 
(Aphanizomenon flos-aquae) are controlled at low copper sulfate concentrations 
(0.025 to 0.040 ppm Cu) under conditions of high pH (8.0 to 9.4) and high 
alkalinity/high hardness. However, sensitive species of fish like rainbow trout are not 
affected (Wagemann and Barica, 1979).  In fact, rainbow trout do not appear to be 
acutely affected at high pH and high alkalinity/hardness at field concentrations up to 
0.125 ppm Cu. This concentration may have chronic impact on rainbow trout since 
growth is reduced when they are exposed to this concentration of copper under these 
pH and alkalinity/hardness conditions (Majewski et al, 1978).  It was anticipated that 
seasonal turnovers would mix dissolved copper so that it would be homogeneous 
throughout the water column.  However, contrary to expectations, the concentration 
of dissolved copper decreased with depth during periods of stratification and after a 
seasonal turnover.  Particulate copper was expected to increase with depth during 
periods of stratification and after the turnover, since the sediment is probably a 
primary source for particulate copper in the hypolimnion.  As the season progresses, 
dissolved copper concentrations (particularly basic copper sulfate) may increase or 
decrease in the hypolimnion depending on pH or contributions from release or 
suspension of the copper in sediments and copper brought in from tributary sources.  
Since dissolved copper (primarily basic copper carbonate) was lower in 1970 when 
the pH was 8.5 than in 1969 when the pH was 9.0,  pH cannot account for the 
increase in dissolved copper in the hypolimnion during these years.  Therefore, 
changes in dissolved copper concentrations must have been due to differences in 
releases or suspensions of copper from the sediment or dissolved copper brought in 
from tributary sources.   
 
In lakes treated over only a part of their surface, dilution is a significant mechanism 
for reducing copper concentration in the treated areas. Dilution can occur from wind-
driven water currents or water flow through the lake, both of which can give rise to 
vertical and horizontal mixing and dilution. Movement of water through the lake can 
result from inlet streams and rivers, storm runoff outlets, submerged springs, or 
diffuse surface runoff into the lake from the surrounding basin. Operation of dams, 
weirs or other controls (water outlet gates) will impact the magnitude of water 
movement and consequently, the dispersal of treated water. These data show that 
thorough lateral and vertical mixing can occur in less than 24 hours and that this 
mixing, along with adsorption to bottom sediment, seston and aquatic vascular plants 
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can result in complete dissipation of copper in only a few days after application 
particularly if only one-half to one-third of the lake surface is treated. 

 
If a large portion of the lake is treated, copper can be carried out of a lake and into 
outlet streams if water movement is rapid or if there are insufficient adsorption from 
sediment microflora, or vascular aquatic plants to dissipate the herbicide quickly. In 
view of the potential impacts on river biota, including fish far from the treated lake, 
water mass movement and the specific water budget for a particular lake must be 
taken into consideration when applying copper. In Western Washington, rainfall 
events, particularly in the months preceding July and after mid-September, can 
rapidly dilute herbicide residues in a treated lake due to stream inflow and surface 
runoff, and can also move treated water into outflow streams more rapidly than 
anticipated before significant adsorption occurs. This has the potential to adversely 
impact sensitive salmonid species.  This possibility is borne out by the partial lake 
treatment of Sylvia Lake (Washington).   As discussed above, treatment of two-thirds 
of Sylvia Lake with copper sulfate (0.5 ppm Cu) resulted in dissolved copper 
concentrations of 0.077 ppm Cu that persisted in the outlet stream for at least 24 
hours on the day following treatment.  Furthermore, dissolved copper concentrations 
of 0.0095 to 0.052 and 0.0035 to 0.039 ppm Cu persisted at an undetermined distance 
down the outlet stream for 2 to 4 days, respectively.  Since the hardness of the outlet 
stream water is very low, the detected concentration does not provide a sufficient 
margin of safety for salmonids (LC50 = 0.015 to 0.032 ppm Cu) that may occupy 
these streams (Serdar, 1995). This problem with potentially toxic concentrations of 
copper in the outlet stream occurred even though copper was not applied within 400 
feet of the upper outlet stream.  Furthermore, dissolved copper concentrations may 
persist in the outlet stream at concentrations as high as 0.039 ppm for 4 days and 
0.012 ppm Cu for up to 18 days.  These concentrations may be high enough to 
adversely impact aquatic organisms when they are acutely or chronically exposed to 
copper sulfate in soft water.  At a hardness of 50 ppm CaCO3, adverse impact may be 
expected if fish or aquatic invertebrates are exposed to short-term (1 hour every 3 
years) or long-term (3 days every 3 years) at rates of 0.0079 and 0.0064 ppm Cu, 
respectively (WAC Ch. 173-201A in Serdar, 1995).  Other authors have come to 
similar conclusions.  For example, Biesinger and Christensen (1972) concluded that 
the safe concentration of copper sulfate on sensitive fish species is approximately 
0.010 ppm Cu for eastern brook trout and fathead minnow based on the data of 
Mount and Stephan (1969, in Biesinger and Christensen, 1972) and McKim and 
Benoit (1971).  Invertebrate species may be even more sensitive to copper sulfate and 
the safe concentration of copper sulfate (CuSO4) or copper chloride (CuCl2) for the 
scud (Gammarus psudolimnaeus) or Daphnia magna is 0.0046 to 0.008 and 0.022 
ppm Cu, respectively (Arthur and Leonard, 1970 and Biesinger and Christensen, 
1972).  Also, it was reported by Demayo et al (1982) that the safety of inorganic 
copper products might be water body specific.  In the Shayler Run (Ohio), the “safe 
exposure” level for fish, based on acute data with fathead minnow, ranges from 0.029 
to 0.046 ppm Cu in low flow water with a low ability to detoxify copper and 1.1 to 
1.7 ppm Cu in high flow water with a high ability to detoxify copper. In this case, the 
ability to detoxify copper was due to the presence or absence of wastewater plant 
effluent which no doubt contains a considerable amount of dissolved organic 
material, which may complex with copper. If this data is examined it can be seen that 
the environmental concentration of copper in the water of Sylvia Lake is equal to or 
exceeds the concentration of copper anticipated to be safe for acute or chronic 
exposure. As indicated here, even partial lake treatments can persist for a significant 
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period of time with complete dissipation for Sylvia Lake taking longer than 18 days.  
This appears to be a particular problem in low pH lakes containing low alkalinity and 
low water hardness like Sylvia Lake.  However, there is a high level of fish survival 
in lakes containing water with high pH, and high alkalinity/hardness. Concentrations 
of copper sulfate (0.025 to 0.04 ppm Cu) that controlled Anabaena flos-aquae were 
not acutely toxic to rainbow trout in the prairie pothole lakes of Southern Manitoba 
[Canada (Whitaker et al, 1978)].  However, while copper sulfate concentrations as 
high as 0.125 ppm Cu did not have an acute impact on rainbow trout in the prairie 
pothole lakes, this concentration decreased the growth of rainbow trout (Majewski et 
al, 1978).  The only prairie pothole lake that dissipated copper slowly (half-life = ~7 
days) was chemically and physically different from the other lakes where the half-
lives were less than 2 days. This lake has lower water concentration of dissolved 
organic matter (9 ppm versus >20 ppm) and lower water hardness (<400 versus 437 
to 921 pp. CaCO3), larger surface area (48 hectares versus 1.6 to 8.1 hectares), 
different amount of outflow (intermittent versus continuous) and a shore and bottom 
consisting of sand, which is poorly adsorbent, versus heavy clay, which is known to 
effectively remove copper from the water column (Wagemann and Barica, 1979).  
 
Monitoring of Guntersville Reservoir, a 68,000 acre lake on the Tennessee River, 
offers a good illustration of the effect of dilution and flushing on residue levels 
(Rodgers et al, 1992). A liquid formulation of diquat plus Komeen® was applied to 
20 acres at 2 gallons/acre and 5 gallons/acre, respectively  (0.4 plus 0.4 ppm, 
respectively). Water and sediment were monitored for residues for 29 days. It is not 
clear from the report exactly where sampling occurred, but it is believed that samples 
were taken from the diquat plus copper treatment sites in the Guntersville Reservoir 
and also from 9 potable water treatment plants in the Guntersville Reservoir.  
Significant residues were found in sediments in the Diquat/Komeen® treatment area.  
Concentrations of copper (8.0 ppm Cu) remained elevated above background levels 
(6.0 ppm Cu) for the 29-day course of the study. Maximum residues of 0.16 ppm Cu 
were found in water 0.25 days after treatment.  Copper concentrations in water 
returned to background levels within less than 1 day after treatment.  The low 
concentration and rapid dissipation of copper from water treated with diquat plus 
Komeen® is due rapid adsorption to the sediment and export from the system due to 
relatively high flow.  Relatively high flow of water in this treatment site is due to its 
location near the main river channel. This relatively high flow of water transported 
copper out of the treatment area rapidly and before it could accumulate extensively 
on the bed-sediment (Rodgers et al, 1992). The setback distance of the treatment area 
from the 9 potable water treatment plants appears to be sufficient since the copper 
concentrations were only slightly above background (≤0.05 ppm Cu) in raw water at 
7 of the 9 water treatment plants.  However, the concentrations of copper in raw 
water at 2 of these treatment plants were somewhat elevated (0.1 to 0.3 ppm Cu).  
Furthermore, finished water from these plants contained only trace amounts of 
copper; typically ≤0.025 ppm Cu (but seen as high as ~0.1 ppm Cu) at one plant that 
was 30 miles from the treatment site.  The higher concentrations of copper in raw 
water and finished water was not believed to be due to contamination from diquat 
plus Komeen® treatments; the high levels of copper (>0.1 ppm Cu) was probably 
due to matrix interference encountered in the analytical process since both of these 
plants are remote from copper treatment areas.  
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• Type of formulation  
 

Approximately 9 commercial formulations of copper are registered for control of 
algae and/or aquatic vascular plants.   Triangle Brand® Copper sulfate crystals and 
other crystalline copper sulfate products contain ~99% copper sulfate pentahydrate 
(~0.25 ppm Cu) and are used primarily for the control of algae.  Rates of application 
may vary depending on whether the application is to flowing water, reservoirs or 
static water.  Typical rates of copper sulfate for the control of algae in static water 
varies from 0.0625 to 0.125 ppm Cu for the control of sensitive species in static water 
and 0.375 to 0.5 ppm Cu for control of tolerant species in static water.  The exact 
concentration of copper necessary to achieve control depends on alkalinity/hardness 
of the water and possibly pH.  Lower concentrations of copper sulfate are necessary 
for the control of algae when the alkalinity/hardness (50 ppm CaCO3) is low and the 
pH is slightly acid to neutral.  Higher concentrations of copper sulfate are necessary 
to control algae as the alkalinity/hardness increases and a great reduction in the 
efficacy of copper sulfate is expected at alkalinities that exceed 150 ppm CaCO3 
(Beste, 1983).  Very high pHs (>8.50) may also interfere with the control of algae 
(Harrison, 1986).  However, in both high alkalinity/hardness conditions (400 to 921 
ppm CaCO3) and high pH (8.0 to 9.4), difficult species of algae like Aphanizomenon 
flos-aquae are effectively controlled at copper sulfate concentrations of 0.025 to 
0.040 ppm Cu (Whitaker et al, 1978 and Wagemann and Barica, 1979). In the 
moving water of irrigation canals, daily continuous treatment at rates of 0.1 to 0.2 lbs 
copper sulfate crystal/hour/ft3/sec of flow/day (0.005 to 0.01 ppm Cu) for 12 to 24 
hours is necessary for the control of algae depending on species complex present and 
the alkalinity/hardness of the water (Gangstad, 1986).  Copper sulfate crystals are 
labeled for use in irrigation canals at elevated, daily continuous rates of 0.25 to 0.5 
copper sulfate crystal/hour/ft3/sec of flow/day (0.0125 to 0.025 ppm Cu) for 12 to 24 
hours to control Potamogenton foliosus and P. pectinatus.  However, Gangstad 
(1986) indicates that it may be necessary to apply copper sulfate pentahydrate at 
much higher rates 1.6 to 4.4 lb/ft3/sec flow/day (0.07 to 0.2 ppm Cu) in order to 
control various Potamogeton pondweeds.  Gangstad has indicated that copper sulfate 
pentahydrate crystals may be applied daily and continuously to reservoirs at rates of 
0.05 to 0.20 and 0.5 to 1.0 lb/acre-foot/day (0.005 to 0.02 and 0.05 to 0.1 ppm Cu) to 
control algae and Potamogeton pondweed, respectively.  Copper sulfate plus diquat 
at rates of 0.86 Cu to 1.0 ppm c.e. have been reported to effectively control Hydrilla 
verticillata for up to 9 months (Gangstad, 1978).  
 
A liquid copper sulfate pentahydrate product (Earthtec®) containing 5% metallic 
copper and Nordhausen® acid at an unspecified concentration is also labeled for the 
control of algae and bacteria in lakes, ponds, fountains and other water systems (like 
animal confinement pits and feed lot run-off lagoons).  The addition of 
Nordhausen®, acid keeps the metallic copper in its active cupric form (Cu2+).  This 
product readily dissolves in water and will not precipitate out of solution as readily as 
copper sulfate crystals.  Since this product will remain dissolved indefinitely in its 
cupric ion form, it may provide longer-term control of algae at rates ranging 0.025 to 
1.0 ppm Cu.  Bacteria may be controlled in feed lot runoff lagoons’ and animal 
confinement pits’ sewage by application of Earthtec® at rates 0.125 ppm Cu; bacteria 
in other organic sludges may be controlled by application of Earthtec® at 1-gallon 
formulation/30,000-gallons sludge (0.250 ppm Cu).  Earthtec® will rapidly and 
evenly disperse through the body of water to which it is applied when it is applied 
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directly from the container to lakes, ponds, reservoirs or irrigation canals.  
Application at several points in the treated water will increase the rate of dispersal.   
 
The commercial copper-complexes are formulations made up primarily of copper-
ethylenediamine complex (Cu•EDA complexes) or copper-triethanolamine complex 
(Cu•TEA complexes).  The commercial Cu-EDA complexes are Komeen®  (8% Cu) 
from Griffin LLC and Nautique™ (9% Cu) from SePRO Corporation.  Komeen® 
also contains an unspecified amount of copper sulfate pentahydrate and Nautique™ 
while claiming to have the active ingredient of copper carbonate made up of copper-
EDA complex and copper-TEA complex but it is believed that Copper-EDA complex 
is the primary active ingredient.  Komeen® and Nautique™ are applied at rates of 0.5 
to 1.0 ppm for the control of Hydrilla verticillata and the suppression of other species 
of aquatic vascular plants including waterhyacinth (Eichhornia crassipes), Brazilian 
elodea (Egeria densa), naids (Najas sp.), coontail (Ceratophyllum demersum), 
American waterweed (Elodea canadensis), Eurasian watermilfoil (Myriophyllum 
spicatum), Potamogeton pondweeds and possibly other species.  The concentration of 
these copper-EDA complexes that would be used to control aquatic vascular plants 
depends on the species and the relative density of the plants.  However, 0.5 to 0.6 
ppm Cu will generally control these species early in the season when the plants are at 
a low density.  Higher concentrations of Komeen® or Nautique™ (0.7 to 0.8 or 0.9 
to 1.0 ppm Cu) are necessary to control aquatic vascular plants when they are found 
at medium or high density.  Since these Cu-EDA products are miscible with water, it 
is anticipated that they will be dispersed and transported even more readily than 
copper sulfate crystals.  Data from the Guntersville Reservoir (Alabama) indicates 
that this product is dispersed and transported rapidly when it is applied to water near 
a main river channel with the water column concentrations of copper decreasing to 
background levels in 1 or 2 days. The use of liquid formulations usually results in 
higher initial dissolved copper concentrations than with granular or christaline 
formulations since the entire application is present immediately in the water column. 
Sediment concentrations can be expected to be lower with liquid formulations since 
the chemical is injected in the upper water column relatively far from the sediment 
surface, and must be carried to the sediment by water currents or dispersion. 
However, Masuda and Boyd (1993) found that the dissolved copper concentration of 
the commercial copper-complexes is typically more than twice that of copper sulfate 
applied at similar rates.  However, this may be misleading since it is the cupric 
copper concentrations and not the total dissolved copper concentrations that causes 
toxic effects on the target species and the cupric copper concentrations are governed 
by the equilibrium of Cu2+ with the inorganic complexes and organic complexes 
which may be similar for copper sulfate or the commercial copper complexes. If 
enough copper is added to exceed the equilibrium Cu2+ concentration and to saturate 
all ligands with copper, copper in excess of the concentration required to satisfy all 
equilibria involving Cu2+ will form solid malachite at pH<7 or solid tenorite (pH >7) 
and precipitate from solution.  Furthermore, it has been observed in the laboratory 
that while copper from copper-complexes or copper sulfate adsorbs at similar 
concentrations on most bed-sediment types, the rate at which adsorption occurs is 
higher with copper sulfate than copper-complexes on rich soils (high organic matter 
content, high CEC and high clay content).  
 
Komeen® and Nautique™ are often combined with invert emulsions for application 
below the surface of the water.  Ideal invert emulsions will allow the active 
ingredient to dissolve in water at rates sufficient to control the target species but low 
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enough so that the product is not transported or dispersed at rates high enough to 
eliminate the product from the treatment area before it has exposed the target species 
sufficiently to effect control.  Invert emulsions like SPRA-MATE/Xylene allow the 
copper from Komeen® treatments to rapidly release and disperse in the water  (70% 
release in 4 hours).  However, other invert emulsions like S-120/Xylene and SPRA-
MATE/Diesel prevent the release of copper from Komeen® at significant 
concentrations for more than 24 hours.  As pH increases, commercial copper-
complexes should remain intact at the expense of the formation of copper carbonate 
chelate.  Under typical concentrations when alkalinity is above 30 ppm CaCO3, 
copper carbonate concentrations should exceed the TEA-complexed copper and 
cupric copper is slowly released as an equilibrium is reached with inorganic copper-
complexes (particularly CuCO3).  This slowly released cupric copper will control the 
target species at rates that are much lower than that necessary with copper sulfate and 
for a longer period of time than copper sulfate.  Furthermore, since at any given time 
the concentration of either Cu-EDA complex or copper carbonate will be at a higher 
concentration than the toxic cupric copper (Cu2+), the toxicity of these products to 
fish is likely to be lower than for copper sulfate. In general, Komeen® has been 
shown to be relatively non-toxic to most fish species particularly in hard water; but 
even in soft water, the toxicity of Komeen® may be mitigated on salmonids when it 
is used at lower application rates under a restricted use label.  While being less toxic 
on indigenous fish species, Komeen® or Nautique™ may be applied with diquat at 
rates specified in the label and these mixtures may be more effective in controlling 
aquatic vascular weeds than either product by itself.  Komeen® may also be applied 
in a tank mix with K-Tea™, diquat, endothall or Sonar® A.S. at rates specified on 
the label to expand the spectrum of vascular aquatic weeds that are controlled.  
Mixtures of K-Tea™ and Komeen® at labeled use rates may be more effective than 
Komeen® alone since K-Tea™ will control the algal epiphytes that decrease the 
penetration of Komeen® into the tissue of aquatic vascular plants, and Komeen® 
will control the vascular plant.  A thickening agent like Nalquatic® or Polysar® may 
also be added to the various tank mixes so that the treatment solution is more likely 
to be delivered to the surface of submersed (submerged) aquatic vascular plants 
 
Similar observations have been made with the Cu-TEA complexes which include 
Cutrine® (9% Cu as mixed Cu-ethanolamine complexes), K-Tea™ [8% Cu as Cu-
TEA complex plus copper hydroxide (Cu(OH)2], Clearigate® (3.825% Cu as mixed 
copper-ethanolamine complexes) and Captain™ [15.9% Cu as CuCO3 formed  from 
mixed copper-ethanolamine complexes].  Cutrine® is manufactured and distributed 
by applied Biochemists; K-Tea™ is manufactured and distributed by Griffin LLC; 
Clearigate® is manufactured and distributed by Applied Biochemists; and Captain™ 
is manufactured and distributed by SePRO Corporation.  All of these products 
probably have copper-TEA complexes as the main ligand but other active ingredients 
are present as indicated above and may change the toxicity of the product to both 
plants and animals depending on the proportion of the various copper-complexes 
found in the formulated product.  Mixed Cu-ethanolamine complexes may also 
contain Cu-diethaolamine complex and Cu-monoethanolamine complex and in fact, 
those products that contain Cu-TEA complex are degraded to Cu-DEA complex and 
Cu-MEA complex prior to being mineralized to carbon dioxide under aerobic aquatic 
conditions.  Since these copper-complexes are miscible with water and in liquid 
form, it is expected that these products will be transported and diluted at rates that are 
faster than copper sulfate or Cutrine®-Plus Granular (algaecide).  Liquid Cutrine® 
rapidly dissipates in the Inglis Reservoir with the surface water environmental 
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concentration dropping to one-tenth of the initial application rate (0.46 ppm Cu) 
within 24 hours of application.  In comparison, copper sulfate pentahydrate only 
dissipated to one-fifth of the applied concentration (0.86 ppm Cu) in 1 day. 
Therefore, it can be concluded that Cutrine® is transported and diluted/dispersed at a 
much more rapid rate than copper sulfate pentahydrate. The presence of soil or 
sediment also increases the total precipitation of Cutrine® or copper sulfate.  This 
data indicates that applications of Cutrine® at lower rates than copper sulfate may 
yield improved control of algae since, at the same dose, Cutrine® will provide a 
higher concentration of copper in the water and rate of loss of copper from the water 
to the pond bottom is slightly slower with Cutrine®. These observations are verified 
for the control of Hydrilla verticillata since it takes approximately twice as much 
copper sulfate (0.86 ppm Cu) in combination with diquat (1.0 ppm) than Cutrine® 
(0.46 ppm Cu) in combination with diquat (1.0 ppm c.e.) to effectively control 
Hydrilla verticillata (Gangstad, 1978).  
 
All of the products that contain Cu-TEA complex as the primary active ingredient are 
registered for the control of planktonic and filamentous forms of algae and the 
macro-algal species Chara and Nitella.  The rate of application for control of these 
algal species ranges from 0.1 to 1.0 ppm Cu.  The rate of these commercial copper-
TEA complexes that are used to control algae varies with product and species of 
algae to control.  Cutrine® and Captain™ appear to be the most active materials for 
the control of algae, with control achieved, according to the label, at typical 
concentrations of 0.2 to 0.4 ppm Cu. Higher rates of Clearigate® (control rates 0.1 to 
0.8 ppm Cu) and K-Tea™  (0.2 to 1.0 ppm Cu) may be necessary to achieve control 
of algae.   
 
All of the liquid Cu-TEA complexes are registered for the control of Hydrilla 
verticillata at rates ranging from 0.4 to 1.0 ppm Cu and often they are combined in a 
tank mix with diquat.  For example, K-Tea™ or Cutrine® are typically applied with 
diquat at rates of 4 gallons formulated copper-complex/acre plus 2 gallons of diquat 
per acre.  However, such treatments are frequently ineffective [Cocoplum Waterway 
(Pt. Charlotte, Florida)] or only partially effective [Reedy Creek and Lake Anne 
(North Carolina) Meyers and Stoner, 1974 and Hodson et al, 1984)].  Only high 
concentrations of Cutrine® plus diquat (2.2 ppm plus 3.0 ppm) are effective in the 
field in controlling vascular plants like Siberian watermilfoil (Myriophyllum 
exalbescens) but at these rates fish-kills are likely to occur.  In support of this 
observation, Simonin and Skea (1977) found that while rates as low as 1.0 gallon 
Cutrine®/surface acre (0.093 to 0.28 ppm Cu) plus 1.0 gallon diquat/surface acre 
(0.245 to 0.735 ppm Cu) would be effective in controlling Hydrilla verticillata and 
possibly other aquatic vascular plant species, these treatment rates would either kill 
fish in shallow water (1 foot) or provide no margin of safety for them in deeper water 
(3 feet).  In fingerling brown trout (Salmo trutta), the primary contributor to this 
toxicity is Cutrine® (LC50 = 0.198 ppm Cu).  However, combinations of Cutrine® 
and diquat are synergistic in their toxic effects against brown trout.  Consequently, it 
is often a questionable practice to apply Cutrine®, Komeen® or copper sulfate alone 
or in combination with diquat when salmonid species are present.  Lower application 
rates of Cutrine® plus diquat [0.1 gallon Cutrine®/surface acre (0.0093 to 0.028 ppm 
Cu) plus 0.9 gallon diquat/surface acre (0.22 to 0.66 ppm c.e)] are likely to be safer 
to brown trout, but these treatment rates may not be entirely effective against aquatic 
vascular plants.  Of the Cu-TEA complexes, only Clearigate® is registered to control 
submersed and floating species of aquatic vascular plants and it appears to have a 
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similar spectrum of activity as the Cu-EDA complexes (Komeen® and Nautique™) 
at rates ranging from 0.4 to 1.0 ppm Cu.  However, Clearigate® is as toxic or more 
toxic than Cutrine® or K-Tea™ on sensitive fish species like salmonids, striped bass, 
ornamental carp and possibly channel catfish (Kannenberg personal communications, 
2000 and Table 18 of Volume 6 Section 4).   
 
In order to improve residency time and allow the applied herbicides to sink and come 
into direct contact with the target species, invert emulsions or thickening agents may 
be added to tank mixes containing Cu-TEA complexes or Cu-TEA complexes plus 
diquat. Ideally, invert emulsions will allow the active ingredient to dissolve in water 
at rates sufficient to control the target species but low enough so that the product is 
not transported or dispersed at rates that are high enough to eliminate the product 
from the treatment area before it has exposed the target species sufficiently to effect 
control.  Different invert emulsions may release copper from Cu-TEA complexes at 
differing rates.  For a detailed discussion of these effects please see the discussion on 
the effects of invert emulsions on the release of copper from Komeen®.    
 
Similar to copper sulfate products, the copper-TEA complexes may be applied to 
water conveyance sites to control algae and Hydrilla verticillata at rates of 1.0 to 
1.25 quart formulation per hour for every one ft3/second of water flow.  Exact rates of 
application can be determined by consulting the appropriate label.  
 
The only granular Cu-TEA complex is Cutrine®-Plus Granular (3.5% Cu as mixed 
copper ethanolamine complexes).  This product is used primarily for the control of 
algal mats or Chara/Nitella that may be found on the bottom of an aquatic ecosystem.  
The rate of application for this product is typically 60 lbs product/surface acre and it 
should be applied directly over the vegetation to be treated.  The rate of transport and 
dispersion of this product can be strongly influenced by human activity.  For 
example, swimming or boating over the treatment area may cause the active 
ingredients to drift and reduce effectiveness of the treatment.  The use of Cutrine®-
Plus Granular for the control of filamentous (mat forming) algae and macro-algae 
like Chara and Nitella are not discussed extensively here since the major competitors 
of commercial copper products including Aquathol® (potassium endothall), 
Hydrothol® 191 (endothall mono(N,N-dimethylamine salt), Navigate® (2,4-D BEE) 
and Aqua-Kleen® (2,4-D BEE) are marketed in a granular form. Granular 
formulations can be expected to give higher initial sediment concentrations and lower 
water concentrations. As granular endothall and 2,4-D BEE are released from the 
granules over time, sediment concentrations will likely persist, albeit at low levels, 
for a longer period than with a liquid formulation and water concentrations are likely 
to be very low or non-detectable.  

 
Except in very shallow, littoral areas, herbicide in liquid formulations can be 
expected to have less direct impact on deep-water or sediment-dwelling organisms 
than comparable granular formulations because of generally lower sediment 
concentrations and shorter persistence resulting from use of the liquid form.  
 
Because copper is deactivated by adsorption onto the sediment, granular formulations 
of copper may not be advisable since released copper in direct contact with the 
sediment would be immediately adsorbed and deactivated by the sediment, rendering 
it ineffective in the control of aquatic weeds and planktonic algal species. However, 
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for mat-forming and bottom-dwelling species, the granular forms of copper may be 
more effective since they come into contact directly with the vegetation to be treated. 
 
For a detailed discussion of the effects of granules of Aqua-Kleen®, Navigate®, 
Aquathol® or Hydrothol® 191, please see Section 3 for 2,4-D (Volume 3) and 
Endothall (Volume 4).  The function of granular formulations is discussed in great 
detail in these sections. 
 
As with other products containing Cu-EDA or Cu-TEA, copper-complexes from 
Cutrine®-Plus Granular remains in solution at the sediment/water interface for a 
longer period of time and at higher concentrations than copper sulfate.  As with the 
liquid copper complexes, fewer applications per year than with copper sulfate are 
necessary for the control of mat-forming algae and anchored macrophytes since these 
products act as slow release formulations.  
 
Commercial copper products generally dissolve rapidly and are readily dispersed and 
transported in aquatic systems where the water is moving rapidly.  In systems where 
water is moving rapidly, the concentration of copper on sediment is usually low and 
extensive accumulation of copper occurs primarily in water impoundments (ponds 
and electrical generating cooling lagoons), or in lentic systems where water is static 
or moving only very slowly.  Although commercial copper products are 
unpredictable in their toxicity to fish (0.002 to 2,000 ppm Cu), particularly in 
soft/low alkalinity water, and have a tendency to accumulate heavily in aquatic 
invertebrates, these products can probably be applied with low impact on sensitive 
fish if the rate of copper use (molar equivalence) is no higher than 1% of the total 
alkalinity. At any rate, commercial copper products should never be used when the 
alkalinity/hardness is less than 50 ppm CaCO3.  Since it is difficult to predict field 
toxicity from laboratory toxicity tests, “stream side” toxicity tests using water that is 
similar or identical in water quality to the water that will be treated are advisable, 
particularly if the resident animal population is known to be sensitive to copper 
products or fish-kills cannot be tolerated.  Copper products also should not be applied 
to water bodies with a pH of <6.0 since copper-complexes (inorganic and organic 
complexes) are solvated or dissociated, primarily, as the more toxic cupric ion (Cu2+) 
at a pH <6.  Under these low pH conditions, fish may be killed or otherwise 
adversely impacted by free cupric copper (Cu2+).  Furthermore, at pH of <6.0, 
chelates of the commercial copper complexes (Komeen®, Nautique™, Cutrine®, K-
Tea™, Clearigate® and Captain™) could be broken, forming cupric copper ion 
(Cu2+) which may be toxic to sensitive fish species and could subsequently be 
precipitated on to sediments that contain high concentrations of hydrous metallic 
oxides, high concentrations of organic matter, or high cation exchange capacity. Also 
at high pHs (pH >9), which are generally accompanied by high alkalinity, the 
efficacy of commercial copper products (copper sulfate pentahydrate, Cu-TEA 
complexes and Cu-EDA complexes) may be reduced so that higher concentrations of 
the product are necessary to control algae and aquatic vascular plants (Beste, 1983 
and ACP, 1999).  If the treated water has a high apparent copper-complexing 
capacity due to the presence of brown water (humic substances), control of algae may 
be reduced or in cases where photoactivation has occurred, control of algae may be 
increased (Hartung and Allread, 1994 and Nielsen and Laursen, 1976). However, 
under conditions where large amounts of humic substance (1.3 to 3.0 ppm) with 
copper sulfate (0.03 to 0.10 ppm Cu) are present, there was no observable damage to 
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resident wildlife including birds, fish, frogs, turtles, worm, snails, daphnids or insects 
in any outdoor pond or laboratory test. 



Table 3.5: Copper Persistence in Aquatic Systems 
 

System Formulation Initial  
application 

rate 

Half-life 
(DT50) 

Time to  
disappearance1 

Comments Reference 

Sylvia Lake 
(Washington) 

Copper 
sulfate  

0.5 ppm Cu 
injected 

below two-
thirds of lake 

surface. 
0.062 ppm 

Cu based on a 
whole lake 
application 

Water dissipation 
DT50 = ~5.3-6.2 

days in the treated 
portion of lake 

 
DT50 = 7.8-8.2 days 

in the untreated 
portion of lake 

 
DT50 = 6.7 days in 

the upper outlet 
stream 

Time to approximate 
equilibrium concentration in 
water = 18 days for ~0.012 

ppm Cu in treated and 
untreated portions of lake 
and upper outlet stream. 

 
 

Mean half-life for all sections of 
lake and upper outlet stream is 

5.5 days. 
 

Soft water lake (hardness = 44 to 
51 ppm CaCO3).  The pH range 
(6.5 to 7.8) was slightly acid to 

slightly basic. 

Serdar, 1995 

Sylvia Lake 
(Washington) 

Copper 
sulfate  

0.5 ppm Cu 
injected 

below two-
thirds of lake 

surface. 
0.062 ppm 

Cu based on a 
whole lake 
application 

Sediment dissipation 
DT50 cannot be 

determined 

Pretreatment sediment 
concentration = 

101 to 201 ppm Cu 
 

Post-treatment sediment 
concentration = 

80 to 258 ppm Cu 
 

Copper does not dissipate from 
sediment for 18 days after 

treatment 
 

Soft water lake (hardness = 44 to 
51 ppm CaCO3).  The pH range 
(6.5 to 7.8) was slightly acid to 

slightly basic. 

Serdar, 1995 
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Table 3.5: Copper Persistence in Aquatic Systems (continued) 
 

System Formulation Initial  
application 

rate 

Half-life 
(DT50) 

Time to  
disappearance1 

Comments Reference 

Lake Steilacoom 
(Washington) 

Copper 
sulfate and 

possibly other 
commercial 

copper 
products 

Treated every 
year for 25 
years with 

copper sulfate 
at typical 

labeled use 
rates.  Most 

recent 
treatments in 
1999 were at 
rates of 2.2 

lbs 
CuSO4/acre-
foot (0.821 

ppm = 0.205 
ppm Cu) 

Sediment dissipation 
DT50 cannot be 

determined 

In 1990 concentrations of 
copper in lake sediment 

range from 180 ppm to 1100 
ppm 

Toxicity of copper on sediment 
does not correlate well with the 
amount of acid volatile sulfides, 
present.  Sorption to sediment 
could not be correlated with 

levels of organic matter, silt or 
clay.  

Bennett and 
Cubbage, 1992 
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Table 3.5: Copper Persistence in Aquatic Systems (continued) 
 

System Formulation Initial  
application 

rate 

Half-life 
(DT50) 

Time to  
disappearance1 

Comments Reference 

Prairie Pothole 
Lakes of 
Manitoba 
(Canada) 

Copper 
sulfate 

pentahydrate 
powder 

Whole Lake 
Treatments 

Initial 
Concentration 

0.048 ppm 
Cu 

 
 

0.13 ppm Cu 
 
 

 0.14 ppm Cu 
 
 
 

0.25 ppm Cu 
 
 

0.35 ppm Cu 
 
 

0.51 ppm Cu 

Water dissipation 
 
 
 

DT50 = 6.9 days 
 
 
 

DT50 = 0.93 days 
 
 

DT50 = 1.5 days 
 
 
 

DT50 = 1.9 days 
 
 

DT50 = 2.1 days 
 
 

DT50 = 0.92 days 
 

Time to Cu equilibrium 
concentration in water 

 
 

23.1 days (0.0038 ppm Cu) 
 
 
 

3.2 days (0.0089 ppm Cu) 
 
 

5.8 days (0.0077 ppm Cu) 
 
 
 

4.0 days (0.038 ppm Cu) 
 
 

3.3 days (0.071 ppm Cu) 
 
 

1.75 days (0.087 ppm Cu) 

 
 
 
 

%DOM2 = 9.0, Sand, 
 hardness = 394 ppm; 48 ha; 

intermittent outflow  
 

%DOM = 22, heavy clay; 
hardness = 437 ppm   

 
%DOM = 22, heavy clay, 

 hardness 454 ppm 
 
 

%DOM = 27; heavy clay,  
hardness = 529 ppm 

 
%DOM =28; heavy clay; 

hardness = 921 ppm 
 

%DOM = 20; heavy clay; 
hardness = 725 ppm 

Wagemann and 
Barica, 1979 

Inglis Reservoir Copper 
sulfate plus 

diquat  

0.86 ppm Cu 
plus 1.0 ppm 

c.e. 

Water dissipation: 
 

At top  
DT50 = 3.2 days  

At Bottom  
DT50 = 7.6 days 

Lowest detected 
concentration: 

At top 
0.009 ppm Cu at 14 days 

At bottom 
 0.023 ppm Cu at 14 days 

Alkalinity = 94 to 116 ppm Gangstad, 1978 
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Table 3.5: Copper Persistence in Aquatic Systems (continued) 
 

System Formulation Initial  
application 

rate 

Half-life 
(DT50) 

Time to  
disappearance1 

Comments Reference 

Cranberry bog 
flood waters 

(Massachusetts) 

Copper 
sulfate 

0.4 ppm Cu 
(4 lb/acre-ft) 

Water dissipation: 
Surface waters 

DT50 = 3-6 days 
 

Subsurface waters 
DT50 = 1-3 days 

Lowest detected 
concentration: 
Surface waters  

0.020 ppm Cu in 28 days 
 

Subsurface waters 
0.02 ppm Cu in 28 days 

Sediment and water not 
characterized. 

Deuberg and 
Demoranville, 
1970 in EPA, 

1985 

Friant Kern-
Canal 

(California) 
 1.03 miles from 

treatment site 

Copper 
sulfate 

Biweekly  
slug 

treatment at  
1 lb/ft3/sec 

(max 
concentration 
3.91 ppm Cu 

at 10 min. 
after 

treatment) 

Estimated Water 
DT50: 

4.1 minutes 

Lowest detected 
concentration: 

0.02 ppm Cu at 40 minutes 
after treatment 

Water not characterized.  
Sediment not characterized. 

Bartley and 
Cohan, 1967 in 

EPA, 1985 

Friant-Kern 
Canal  

(California) 
7.57 miles from 
treatment site 

Copper 
sulfate 

Biweekly  
slug 

treatment at  
1 lb/ft3/sec 

(max 
concentration 
2.41 ppm Cu 

at 10 min. 
after 

treatment) 

Estimated Water 
DT50: 

5.7 minutes 

Lowest detected 
concentration: 

0.07 ppm Cu at 40 minutes 
after treatment 

0.06 ppm at 45 minutes after 
treatment 

Water not characterized.  
Sediment not characterized. 

Bartley and 
Cohan, 1967 in 

EPA, 1985 
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Table 3.5: Copper Persistence in Aquatic Systems (continued) 
 

System Formulation Initial  
application 

rate 

Half-life 
(DT50) 

Time to  
disappearance1 

Comments Reference 

Friant-Kern 
Canal at 

Bachman Ranch 
(California) 

 (~ 7 miles from 
treatment site) 

Copper 
sulfate 

Biweekly  
slug 

treatment at  
1 lb/ft3/sec 

(max 
concentration 
1.41 ppm Cu 

at 15 min. 
after 

treatment) 

Estimated Water 
DT50: 

8.1 minutes 

Lowest detected 
concentration 

0.18 ppm Cu at 40 minutes 
after treatment 

0.14 ppm Cu at 45 minutes 
after treatment 

Water not characterized.  
Sediment not characterized. 

Bartley and 
Cohan, 1967 in 

EPA, 1985 

Farmers Ditch 
Irrigation Canal 

(Loveland, 
Colorado) 

Copper 
sulfate 

Treated 
Continuously 

during the 
1966 season 
for 6 to 24 

hours per day 
at 0.19 ppm 

Cu.  

Water DT50 cannot 
be estimated 

Concentration of copper in 
water decreased 

significantly from point of 
application: 

Treatment at 0.19 ppm Cu 
0.25 mile down stream 

0.09 ppm Cu; 
0.3 mile down stream 

0.07 ppm Cu; 
1.1 mile down stream 

0.07 ppm Cu; 
2.5 mile down stream 

0.07 ppm Cu; 
4.4 mile down stream  

0.04 ppm Cu; 
6.3 mild down stream 

0.03 ppm Cu; 
7.5 mile down stream 

0.01 ppm Cu; 
9.0 mile down stream 

0.01 ppm Cu 

Water pH = 7.8 to 8.2 
Water hardness 

150 to 314 ppm CaCO3 
 

Sediment not characterized. 

Bartley and 
Cohan, 1967 in 

EPA, 1985. 
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Table 3.5: Copper Persistence in Aquatic Systems (continued) 
 

System Formulation Initial  
application 

rate 

Half-life 
(DT50) 

Time to  
disappearance1 

Comments Reference 

Farmers Ditch 
Irrigation Canal 

(Loveland, 
Colorado) 

Copper 
sulfate 

Treated 
Continuously 

during the 
1966 season 
for 6 to 24 

hours per day 
at 0.19 ppm 

Cu.  

Sediment DT50 can 
not be estimated 

Concentration of copper in 
sediment did not decrease 
significantly from point of 

application: 
Treatment at 0.19 ppm Cu; 

0.25 mile down stream 
40.3 ppm Cu; 

0.3 mile down stream 
32.0 ppm Cu; 

1.1miles down stream 
51.3 ppm Cu; 

9.0 mile down stream 
28.7 ppm Cu 

 

Water pH = 7.8 to 8.2 
Water hardness 

150 to 314 ppm CaCO3 
 

Sediment not characterized 
Copper concentrations in 

sediment measured at end of 
treatment season. 

Bartley and 
Cohan, 1967 in 

EPA, 1985. 
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Table 3.5: Copper Persistence in Aquatic Systems (continued) 
 

System Formulation Initial  
application 

rate 

Half-life 
(DT50) 

Time to  
disappearance1 

Comments Reference 

Farmers Ditch 
Irrigation Canal 

(Loveland, 
Colorado) 

Copper 
sulfate 

Treated 
Continuously 

during the 
1967 season 
for 24 hours 
per day at 

0.05 ppm Cu. 

Water DT50 can not 
be estimated 

Concentration of copper in 
water decreased 

significantly from point of 
application: 

Treatment at 0.05 ppm Cu; 
0.25 mile down stream 

0.05 ppm Cu; 
0.3 mile down stream 

0.02ppm Cu; 
mile down stream 

0.02 ppm Cu; 
2.5 mile down stream 

0.02 ppm Cu; 
4.4 mile down stream  

0.02 ppm Cu; 
7.5 mile down stream 

ppm Cu; 
9.0 mile down stream 

0.02 ppm Cu 
 

Water pH = 7.8 to 8.2 
Water hardness 

150 to 314 ppm CaCO3 
 

Sediment not characterized 

Bartley and 
Cohan, 1967 in 

EPA, 1985. 
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Table 3.5: Copper Persistence in Aquatic Systems (continued) 
 

System Formulation Initial  
application 

rate 

Half-life 
(DT50) 

Time to  
disappearance1 

Comments Reference 

Farmers Ditch 
Irrigation Canal 

(Loveland, 
Colorado) 

Copper 
sulfate 

Treated 
Continuously 

during the 
1967 season 
for 24 hours 
per day at 

0.05 ppm Cu. 

Sediment DT50 can 
not be estimated 

Concentration of copper in 
sediment did not decrease 
significantly from point of 

application: 
Treatment at 0.05 ppm Cu; 

0.25 mile down stream 
40.0 ppm Cu (p) 
43.5 ppm Cu (e); 

0.3 mile down stream 
116.5 ppm Cu (p) 
123.5 ppm Cu (e); 

1.1 miles down stream 
52.0 ppm Cu (p) 

209.0 ppm Cu (e); 
9.0 mile down stream 

66.0 ppm Cu (p) 
38.5 ppm Cu (e) 

 

Water pH = 7.8 to 8.2 
Water hardness 

150 to 314 ppm CaCO3 
 

Sediment not characterized. 
Copper concentrations in 

sediment measured prior to 
treatment (p) and at end of 

treatment season (e).  

Bartley and 
Cohan, 1967 in 

EPA, 1985. 
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Table 3.5: Copper Persistence in Aquatic Systems (continued) 
 

System Formulation Initial  
application 

rate 

Half-life 
(DT50) 

Time to  
disappearance1 

Comments Reference 

Farmers Ditch 
Irrigation Canal 

(Loveland, 
Colorado) 

Copper 
sulfate 

Treated 
Continuously 

during the 
1968 season 
for 3.5 to 7.0 
hours per day 

at 0.5 ppm 
Cu.  

Water DT50 can not 
be estimated 

Concentration of copper in 
water decreased 

significantly from point of 
application: 

Treatment at 0.5 ppm Cu 
0.25 mile down stream 

0.5 ppm Cu; 
0.3 mile down stream 

0.47 ppm Cu; 
1.1 mile down stream 

0.40 ppm Cu; 
2.5 mile down stream 

0.35 ppm Cu; 
4.4 mile down stream  

0.26 ppm Cu; 
7.5 mile down stream 

0.17 ppm Cu; 
9.0 mile down stream 

0.07 ppm Cu 
 

Water pH = 7.8 to 8.2 
Water hardness 

150 to 314 ppm CaCO3 
 

Sediment not characterized. 

Bartley and 
Cohan, 1967 in 

EPA, 1985. 
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Table 3.5: Copper Persistence in Aquatic Systems (continued) 
 

System Formulation Initial  
application 

rate 

Half-life 
(DT50) 

Time to  
disappearance1 

Comments Reference 

Farmers Ditch 
Irrigation Canal 

(Loveland, 
Colorado) 

Copper 
sulfate 

Treated 
Continuously 

during the 
1968 season 
for 3.5 to 7.0 
hours per day 

at 0.5 ppm 
Cu.  

Sediment DT50 can 
not be estimated 

Concentration of copper in 
sediment did not decrease 
significantly from point of 

application: 
Treatment at 0.5 ppm Cu 
0.25 mile down stream 

82.0 ppm Cu (p) 
50.5 ppm Cu (e); 

0.3 mile down stream 
65.0 ppm Cu (p) 
96.5 ppm Cu (e); 

1.1 miles down stream 
56.0 ppm Cu (p) 
93.0 ppm Cu (e); 

9.0 mile down stream 
60.0 ppm Cu (p) 
104.0 ppm Cu (e) 

 

Water pH = 7.8 to 8.2 
Water hardness 

150 to 314 ppm CaCO3 
 

Sediment not characterized. 
Copper concentrations in 

sediment measured prior to 
treatment (p) and at end of 

treatment season (e).  

Bartley and 
Cohan, 1967 in 

EPA, 1985. 

Roza main Canal 
(Sunnyside, 

Washington) at 
0.5 miles from 
treatment site 

Copper 
sulfate  
crystals 

2 treatments 1 
week apart 

at 1 lb/ft3/sec 
(maximum 

concentration 
1.61 ppm at 
17 minutes 

after 
treatment). 

Estimated Water 
DT50  

0.33 days 
Estimated value may 
be inaccurate since it 

takes only than 10 
minutes for 
maximum 

concentration (1.61 
ppm Cu) to decrease 

by half  (to 0.835 
ppm Cu) 

Return to background 
concentration 0.001 ppm Cu 
at 3.2 days after treatment. 

Water pH = 7.8; 
water hardness = 137 ppm 

CaCO3 

Nelson et al, 
1969 
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Table 3.5: Copper Persistence in Aquatic Systems (continued) 
 

System Formulation Initial  
application 

rate 

Half-life 
(DT50) 

Time to  
disappearance1 

Comments Reference 

Roza Main Canal 
(Sunnyside, 

Washington) at 
5.9 miles from 
treatment site 

Copper 
sulfate 
crystals 

2 treatments. 
1 week apart 
at 1 lb/ft3/sec 
(maximum 

concentration 
0.359 ppm 

Cu at 4 hours 
and 15 

minutes after 
treatment). 

Estimated water  
DT50  

0.11 days. 
Estimated value may 
be inaccurate since it 
takes only 30 minutes 

for maximum 
concentration (0.359 
ppm Cu) to decrease 

less than half  (to 
0.110 ppm Cu). 

 

Return to background 
concentration 0.001 ppm Cu 
at 3.2 days after treatment. 

Water pH = 7.8; 
water hardness = 137 ppm 

CaCO3 

Nelson et al, 
1969 

Roza Main Canal 
(Sunnyside, 

Washington) at 
11.5 miles from 
treatment site 

Copper 
sulfate 
crystals 

2 treatments. 
1 week apart 
at 1 lb/ft3/sec 
(maximum 

concentration 
0.231 ppm 

Cu at 9 hours 
and 15 

minutes after 
treatment). 

Estimated water 
DT50  

0.84 days. 
Estimated valued 
may be inaccurate 
since it takes only 

one hour for 
maximum 

concentration (0.231 
ppm Cu) to decrease 

to less than half 
(0.022 ppm Cu). 

Return to background 
concentration 0.001 ppm Cu 
at 4.1 days after treatment. 

Water pH = 7.8; 
water hardness = 137 ppm 

CaCO3 

Nelson et al, 
1969 
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Table 3.5: Copper Persistence in Aquatic Systems (continued) 
 

System Formulation Initial  
application 

rate 

Half-life 
(DT50) 

Time to  
disappearance1 

Comments Reference 

Roza Main Canal 
(Sunnyside, 

Washington) at 
23.2 miles from 
treatment site 

Copper 
sulfate 
crystals 

2 treatments. 
1 week apart 
at 1 lb/ft3/sec 
(maximum 

concentration 
0.0038 ppm 

Cu at 21 
hours and 48 
minutes after 
treatment). 

Estimated water 
DT50  

0.92 days. 
Estimated valued 
may be inaccurate 
since it takes only 

one hour for 
maximum 

concentration (0.038 
ppm Cu) to decease 

to less than half 
(0.007 ppm Cu). 

Return to background 
concentration 0.002 ppm Cu 
at 3.1 days after treatment. 

Water pH = 7.8; 
water hardness = 137 ppm 

CaCO3 

Nelson et al, 
1969 

Roza Main Canal 
(Sunnyside, 

Washington) at 
0.5 miles from 
treatment site 

Copper 
sulfate 
crystals 

2 treatments. 
1 week apart 
at 1 lb/ft3/sec 
(maximum 
suspended 
sediment 

concentration 
0.292 ppm 
Cu at 19 

minutes after 
treatment). 

Estimated suspended 
sediment DT50  

0.16 days. 
Estimated value may 
be inaccurate since it 
takes only 16 minutes 

for maximum 
concentration (0.292 
ppm Cu) to decrease 

by approximately half  
(to 0.167 ppm Cu). 

Return to background 
concentrations ~0.002 ppm 

Cu in suspended sediment at 
0.92 days after treatment. 

Water pH = 7.8; 
water hardness = 137 ppm 

CaCO3 

Nelson et al, 
1969 
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Table 3.5: Copper Persistence in Aquatic Systems (continued) 
 

System Formulation Initial  
application 

rate 

Half-life 
(DT50) 

Time to  
disappearance1 

Comments Reference 

Roza Main Canal 
(Sunnyside, 

Washington) at 
5.9 miles from 
treatment site 

Copper 
sulfate 
crystals 

2 treatments. 
1 week apart 
at 1 lb/ft3/sec 
(maximum 
suspended 
sediment 

concentration 
0.255 ppm 

Cu at 4 hours 
and 15 

minutes after 
treatment). 

Estimated suspended 
sediment DT50  

0.20 days. 
Estimated value may 
be inaccurate since it 
takes only 30 minutes 

for maximum 
concentration (0.255 
ppm Cu) to decrease 
to less than half  (to 

0.025 ppm Cu). 

Return to background 
concentration 0.001 ppm Cu 

in suspended sediment at 
1.29 days after treatment. 

Water pH = 7.8; 
water hardness = 137 ppm 

CaCO3 

Nelson et al, 
1969 

Roza Main Canal 
(Sunnyside, 

Washington) at 
11.5 miles from 
treatment site 

Copper 
sulfate  
crystals 

2 treatments. 
1 week apart 
at 1 lb/ft3/sec 
(maximum 
suspended 
sediment 

concentration 
0.208 ppm 

Cu at 9 hours 
an 15 minutes 

after 
treatment). 

Estimated suspended 
sediment DT50  

0.18 days. 
Estimated value may 
be inaccurate since it 
takes only one hour 

for maximum 
concentration (0.208 
ppm Cu) to decrease 
to less than  half  (to 

0.19 ppm Cu). 

Return to background 
concentration 0.001 ppm Cu 

in suspended sediment at 
1.30 days after treatment. 

Water pH = 7.8; 
water hardness = 137 ppm 

CaCO3 

Nelson et al, 
1969 
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Table 3.5: Copper Persistence in Aquatic Systems (continued) 
 

System Formulation Initial  
application 

rate 

Half-life 
(DT50) 

Time to  
disappearance1 

Comments Reference 

Roza Main Canal 
(Sunnyside, 

Washington) at 
23.2 miles from 
treatment site 

Copper 
sulfate 
crystals 

2 treatments. 
1 week apart 
at 1 lb/ft3/sec 
(maximum 
suspended 
sediment 

concentration 
0.015 ppm 
Cu at 21 

hours and 45 
minutes after 
treatment). 

Estimated suspended 
sediment DT50  

0.074 days 
Estimated value may 
be inaccurate since it 
takes only one hour 

for maximum 
concentration (0.015 
ppm Cu) to decrease 

by approximately half  
(to 0.006 ppm Cu). 

Return to background 
concentrations ~0.002 ppm 

Cu in suspended sediment at 
1.11days after treatment. 

Water pH = 7.8; 
water hardness = 137 ppm 

CaCO3 

Nelson et al, 
1969 

Lab aerobic 
aquatic 

microcosm* 

Komeen® 
(Cu-EDA 
Complex) 

1.0 ppm  Water 
1st DT50 = 0.07 day 
2nd DT50 = 5.3 days 

 

3% (0.03 ppm Cu) of the 
applied test substance 

remained in water after 6 
hours of dissipation.  

2% (0.03 ppm Cu) of the 
applied test substance 

remained in water after 30 
days of dissipation. 

 
 
 
 

Sediment type not reported but 
believed to have significant 

amounts of humic substances.   
EDA is associated with and 

possibly converted (biologically 
unavailable) to humic acid 

(12%), fulvic acid (29%) and 
humin (24%) in 30-days.  8% of 

the applied test substance is 
mineralized to carbon dioxide in 

thirty days.  Only 2% of the 
applied test substance remained 

in the water and 20% of the 
applied test substance remain in 

the sediment as EDA. 

Spare, 1996a 
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Table 3.5: Copper Persistence in Aquatic Systems (continued) 
 

System Formulation Initial  
application 

rate 

Half-life 
(DT50) 

Time to  
disappearance1 

Comments Reference 

Guntersville 
Reservoir 
(Alabama) 

Komeen® 
plus diquat 

0.4 ppm Cu 
plus 0.4 ppm 

c.e. 

Water  
DT50 = 0.565 days 

It is unclear how this 
calculation was made 
and CSI estimates the 
Komeen® half-life to 
be ~0.18 days since 

more than half of the 
applied copper had 

dissipated in  6 hours 

Return to background levels 
(0.015 to 0.028 ppm Cu) in 

21 to 48 hours). 

Fairly rapid water flow in 
Guntersville Reservoir. 

pH = 6.69 to 8.51 
D.O.C. = 4.9 to 10.6 ppm 

Rodgers et al, 
1992 

Outdoor Pool 
(2.5 meter 

diameter X 0.6 
meter deep) in 

Florida 

Komeen ® 
plus diquat  

15 gallons 
Komeen® 

plus 1 gallon 
diquat/surface 

acre 

Water estimate 
DT50 = 2.2 days 

Concentration after two 
weeks of dissipation = 0.02 

ppm Cu.  Background 
concentrations = 0.01 ppm 

Cu. 

No significant information 
provided on this system except 

that waters were rich.  
Presumably this means that they 
were high in dissolved organic 

carbon content.  

Winger et al, 
1984 

Outdoor Pool 
(2.5 meter 

diameter X 0.6 
meter deep) in 

Florida 

Komeen ® 
plus diquat  

15 gallons 
Komeen® 

plus 1 gallon 
diquat/surface 

acre 

Detritus (Sediment) 
DT50 estimate 

>14 days 

Concentration of copper in 
sediment increases during 

14 days of study:  
Background concentrations 

~2.0 ppm Cu; 
Concentration at 0.042 days 

29 ppm Cu; 
Concentration at 1 day 

47 ppm Cu; 
Concentration at 7 days 

69 ppm Cu; 
Concentration at 14 days 

177 ppm Cu 

No significant information 
provided on this system except 

that waters were rich.  
Presumably this means that they 
were high in dissolved organic 

carbon content.  
 

Copper from Komeen® 
accumulates on sediment during 

14 days of study and does not 
dissipate. 

Winger et al, 
1984 
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Table 3.5: Copper Persistence in Aquatic Systems (continued) 
 

System Formulation Initial  
application 

rate 

Half-life 
(DT50) 

Time to  
disappearance1 

Comments Reference 

Treated and 
Control areas of 

Loxahatchee 
National Wildlife 
Refuge (Florida) 

Cutrine® 
plus diquat 

6 gallons 
Cutrine® 

plus 2 gallons 
diquat plus 
1.5 gallons 

invert 
emulsifier/sur

face acre 

Water Estimate  
DT50 = 2.1 days  

 
Estimated value may 
be inaccurate since it 
takes less than one 
day for maximum 

concentration (0.56 
ppm Cu) to decrease 
to less than  half  (to 

0.044 ppm Cu) 

Concentration in water after 
0.042 day dissipation was 

0.56 ppm Cu.  A 
concentration after 1 day’s 

dissipation is 0.044 ppm Cu. 
Concentration after 7-days 

dissipation is 0.023 ppm Cu.  
Background concentration = 

0.024 to 0.027 ppm Cu. 

No significant information 
provided on this system except 

that waters were rich.  
Presumably this means that they 
were high in dissolved organic 

carbon content.  

Winger et al, 
1984 

Treated and 
Control areas of 

Loxahatchee 
National Wildlife 
Refuge (Florida) 

Cutrine® 
plus diquat 

6 gallons 
Cutrine® 

plus 2 gallons 
diquat plus 
1.5 gallons 

invert 
emulsifier/sur

face acre 

Sediment (detritus) 
DT50 = >7 days  

 
Concentrations of 
copper in sediment 
increases during 7 

days of study 
 

Concentration in sediment 
after 1-hour dissipation was 

28.4 ppm Cu.  A 
concentration after 1-day 

dissipation is 13.9 ppm Cu. 
Concentration after 7 days 

dissipation is 20.11 ppm Cu.   
Background concentration = 

11.7 to 13.9 ppm Cu. 

No significant information 
provided on this system except 

that waters were rich.  
Presumably this means that they 
were high in dissolved organic 

carbon content.  

Winger et al, 
1984 

Lab anaerobic 
aquatic 

microcosm* 

K-Tea™ 
(Cu-TEA 
Complex) 

1.0 ppm Cu Water Dissipation: 
DT50 = 7.0 days 

52% (0.52 ppm Cu) of the 
applied test substance 

remained in water after 6 
hours of dissipation. 

 
12% (0.12ppm Cu) of the 

applied test substance 
remained in water after 30 

days of dissipation 

Sediment type not reported but 
believed to have significant 

amounts of humic substances.  
TEA metabolized to DEA and 

MEA followed by mineralization 
to CO2 (40% of the applied label 
in 30 days).  After 30 days, 45 to 
64% of the dose was removable 

from sediment by acid 
hydrolysis primarily as TEA and 
DEA with small amounts of CO2 

also present.  

Spare, 1996b 
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Table 3.5: Copper Persistence in Aquatic Systems (continued) 
 

System Formulation Initial  
application 

rate 

Half-life 
(DT50) 

Time to  
disappearance1 

Comments Reference 

Inglis Reservoir Cutrine® 
plus diquat 

0.46 ppm Cu 
plus 1.0 ppm 

c.e. 

Water dissipation: 
 

At top  
DT50 = 5.4 days  

At Bottom  
DT50 = 6.1 days 

Lowest detected 
concentration 

At top 
0.006 ppm Cu at 14 days 

At bottom 
0.006 ppm Cu at 14 days 

 
 
 

Alkalinity = 85-117 ppm Gangstad, 1978 

 
1 Cu = /copper equivalents 
2 DO = Dissolved organic matter 
* = EPA guideline registration study 



3.6 MICROBIAL DEGRADATION AND DISSIPATION DUE BIOACCUMULATION 
 
Summary: Copper from copper sulfate treatment probably does not primarily dissipate 
from the water column or sediment due to the action of aquatic microbes under field 
conditions. Copper is not degraded by aquatic microbes associated with the sediment.  
However, in laboratory microcosm studies, with the commercial copper-complexes 
(Komeen® and K-Tea™), the ethylenediamine ligand (DEA) from Komeen® and the 
triethanolamine ligand (TEA) from K-Tea™ were degraded under aerobic aquatic 
conditions.  Thirty days after application of [14C] Komeen®, only ~20 % of the 
extractable dose remained as [14C] EDA; and the remainder consisted of [14C] humic-
substances (65%) and 14CO2 [8% (Spare, 1996a)].  Similarly, when [14C] K-Tea™ was 
applied to and aerobic aquatic system, 40% of the applied radiation was mineralized to 
14CO2 while 12% of the residues water-soluble substances.  Forty five percent to 64% of 
the dose was extractable from the sediment by acid hydrolysis and it is likely that this 
material represents intact K-Tea™ although the material released by acid hydrolysis 
consisted primarily of [14C] TEA, [14C] DEA and small amounts of 14CO2 (Spare, 1996b).  
Due to its elemental nature, copper persists indefinitely after application and 
degradation of any ligand that may be present. The major processes affecting persistence 
of copper in aquatic sites are sediment adsorption and physical export from the system 
(Reinert and Rodgers, 1987).  
 
Elemental copper is not degraded by microbes (in aquatic ecosystems). However, this 
does not mean that these organisms have no impact on the short-term dissipation of 
copper.  For example, it has been noted that microorganisms within sediment and water 
column may effect the concentrations of copper in the water column and the depth that 
elemental copper is typically found in the sediment. It has also been reported that 
extracellular and endocellular materials like siderophores and phytochelatins may be 
produced when bacteria, fungi and algae are stressed with copper and other heavy 
metals, and that these metabolic products may increase the tolerance of these microbes to 
copper and other toxic metals.  If the microbial cells are lysed due to the effects of toxic 
metals, additional detoxifying ligands will be released into the water column, which may 
prevent the adsorption of toxic metals and protect living microbes, and possibly other 
organisms in the water column (Stokes et al, 1973).  Also, copper adsorbed to sediment, 
in the absence of microbes, may be covered by uncontaminated sediment that has been 
transported from untreated tributaries.  However, most of the sediment copper is found in 
the upper 10 cm of the sediment profile due the effects of various bacterial mechanisms 
(Chu et al, 1978 in Ecology, 1992).  Blue-green algae and green algae may also play a 
role in the mobilization and release of sediment-bound heavy metals (including copper) 
into the water column (Laub et al 1979 in Demayo et al, 1982).  
 
Algae, fungi and some bacteria produce organic ligands (termed phtyochelatins and 
siderophore and other materials) that can enhance or decrease the uptake of copper 
(Cu2+) and other heavy metal ions (Rueter et al, 1987, Clark et al, 1987 in Howe and 
Merchant, 1992). In some cases, the presence of certain metals may inhibit or enhance 
the uptake of copper or other toxic metals.  
 
Various microbes also adsorb copper from water at very high concentrations.  For 
example, freshwater and seawater algae adsorb copper at concentrations of 400- to 
21,000-fold and 75- to 27,000 fold higher than the concentration found in surrounding 
water (Janus 1989 in ACP, 1999).  Certain species of fungi like Penicillium ochro-
chloron remove copper from waste water and concentrate it in their tissue at levels of 4.0 
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x105 ppm Cu (Stokes and Lindsay, 1979). Even certain species of aquatic vascular plants 
like Potamogeton pondweeds Hydrilla verticillata and Lemna valdiviana concentrate 
copper in their tissues after treatment with copper sulfate or Komeen® to control algae 
and/or aquatic vascular plants.  These plants can accumulate copper at concentrations of 
4,000, 126 and 138 to 54,400 ppm Cu, respectively, before succumbing to the effects of 
treatment.  Under these conditions, these microbes and possibly aquatic vascular plants 
could possibly be used to mitigate the effects of copper contamination by rapidly 
removing copper from the water column.    
 
Generally speaking, microbes do not influence the concentrations of copper from the 
application of copper sulfate or the commercial copper-complexes.  Copper sulfate and 
the commercial copper-complexes like Cutrine® (Cu-TEA complex) and Komeen® (Cu-
EDA complex) are highly water-soluble (Masuda and Boyd, 1983).  However, once 
copper has been applied for algal or plant control, it persists indefinitely due to its 
elemental nature.  The major processes affecting the persistence of copper in aquatic 
ecosystems are sediment sorption and physical export from the system.  Both processes 
reduce the amount of copper in the aqueous phase; however, sorption does not remove 
copper from the system. Copper has only been removed from the aqueous phase to the 
sediment phase and may remain in the system indefinitely (Reinert and Rodgers, 1987).  
Residence time, which is defined as the length of time required for all the adsorbed 
elemental copper to be removed and replaced by materials of other origins has been 
estimated at 5.0 x 105 years for copper (Horne, 1969 in Ecology, 1992). 
 
However, the commercial copper-complexes like Komeen® or K-TEA™ may have their 
ligands (EDA and TEA, respectively), degraded by the action of microorganisms under 
aerobic aquatic conditions (Table 3.6.1).  For example, 95% of the applied radioactivity 
from [14C]Komeen® was adsorbed within 6 hours after application of 1.0 ppm Cu when 
the sediment to water ratio was 1:2.  Most of the [14C]DEA ligand was degraded to 
natural products (53%) within 6 hours of application and associated with the humin 
fraction.  After 30 days, 29%, 12% and 24% of the applied [14C]EDA was metabolized 
and associated with fulvic acid, humic acid and sediment, respectively. Only 8% of the 
applied dose was mineralized to [14C]carbon dioxide; ~20% of the applied radiation was 
extractable from the sediment as unchanged [14C]EDA and only 2% of the dose remained 
in the water (Spare, 1996a).  Less of the [14C]TEA ligand from treatments of laboratory 
aquatic microcosms with [14C]K-Tea™ was adsorbed and degraded on the sediment 
under aerobic aquatic conditions.  For example, only 48% of the applied [14C]K-Tea™ 
dosage was adsorbed into the sediment in 6 hours after application.  After 30 days, 40% 
of the applied radiation [14C]TEA was mineralized to [14C]carbon dioxide and only 12% 
of the applied radiation remained in the water; after 30 days, 8% of the applied radiation 
consisted of water soluble DEA and 7% was MEA; only 2% of the recovered radiation 
remained as [14C]K-Tea™; and 45 to 64% of the [14C]K-Tea™ complex that had bound 
to the sediment was removable by acid hydrolysis which released [14C]TEA, [14C]DEA 
and small amounts of 14CO2  (Spare, 1996b). Although the organic ligands from 
Komeen®, Nautique™, K-Tea™, Cutrine®, Clearigate® and Captain™ will probably be 
degraded extensively by microbes under aerobic aquatic conditions, the copper from the 
commercial copper products including Triangle Brand Copper Sulfate Crystal, Earthtec® 
and the aforementioned commercial copper-complexes will not degrade when they are 
applied for algae or aquatic vascular plant control. 
 
Elemental copper is not degraded by microbes. However, microbes may be involved with 
the distribution of elemental copper in the sediment.  Algae, bacteria and fungi may also 
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extensively adsorb elemental copper or may inactivate it by the production of 
extracellular and intracellular ligands like siderophores and phytochelatins. 
 
Sanchez and Lee (1978) found that copper concentrations in the sediment of Lake 
Monona (Wisconsin) were maximal (600 ppm Cu) at 60 cm depth during 1969 and 1970.  
The surface sediment (top 10 cm) contained copper concentrations as low as 250 ppm 
Cu.  The surface sediments, in this case, may have had low concentrations of elemental 
copper because they had been transported to Lake Monona from tributary streams that 
had rarely or never been treated with copper sulfate or other commercial copper products. 
However, this increasing sediment copper concentration with depths down to 60 cm is 
unusual and sediment copper concentrations are usually highest in the top 10 to 20 
centimeters of sediment, as was found in the Fairmont Lakes (Minnesota) where one-
meter sediment cores gave little evidence of downward migration of copper.  In the 
sediment of the Fairmont Lakes, copper concentrations were highest (150 to 500 ppm Cu) 
in the top 10 centimeters of sediment at Hall Lake. In Hall Lake the concentrations of 
copper at depths below 10 centimeters ranged from 25 to approximately 150 ppm Cu.  
However, in Budd Lake, the maximum sediment copper concentrations (900 to 1,000 
ppm Cu) occurred at 15 to 30 cm, while at shallower and deeper sediment depths the 
copper concentrations were 550 to 700 ppm Cu and <25 to 500 ppm Cu, respectively 
(Hanson and Stefan, 1984). 
 
The retention of copper in the sediment is strongly influenced by the presence of organic 
material (Chu et al, 1978 in Ecology, 1992).  Organic material may be bound to the 
surface of particulate material and from this site act upon heavy metals (Murray, 1973 in 
Ecology, 1992). Copper and other trace metals were significantly enriched in the upper 
30 cm of the sediment profiles (Walter et al, 1974 in Ecology, 1992).  Walter et al 
speculate that the principal factors for this enrichment phenomenon were oxidation-
reduction reactions resulting from decay of organic material under anaerobic conditions 
and induced biochemical reactions in microbes under stress.  Heavy metals showed an 
upward migration in sediments probably due to bacterial mechanisms. Therefore, even 
with continual sedimentation, copper and/or other heavy metals are likely to remain 
concentrated in the upper portions of the sediment profile (Chu et al, 1978 in Ecology, 
1992).  
 
Various species of algae, bacteria and microbes adsorb copper to concentrations that are 
much higher than those in the water where they are found.  Also copper and other heavy 
metals may be inactivated by extracellular material excreted by microorganisms or 
released when these organisms are killed by copper and lysed.  These materials are 
ligands like siderophores and phytochelatins that are synthesized in greater quantities 
when the microbes are stressed with copper or other heavy metals like Fe3+, Cd2+, Ag+, 
Bi3+, Pb2+, Zn2+, Hg2+ and Au+ (Rueter et al, 1987, Clarke et al, 1987 and Howe and 
Merchant, 1992 ) than under normal growth conditions. Although phytochelatin synthesis 
is activated by the above listed heavy metals, it is not clear if these detoxifying agents are 
similar for all of these toxic metals or if different phytochelatins are produced in response 
to challenges from different metals. 
 
For example, siderophores that are produced when the concentration of iron is low in the 
growth media enhance the uptake and toxicity of copper in the gram negative bacteria 
Bacillus megaterium.  However, siderophores produced by the algae Anabaena sp. and 
Ustilago sphaerogena, inhibit the uptake of copper and antagonize its toxicity.  
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Whether or not phytochelatins are produced is strain specific. For example, yeast cells 
with defects in their glutathione (GSH) pathway do not produce phytochelatins in 
significant quantities (Howe and Merchant, 1992).  It has also been reported that 
extracellular and endocellular chelating agents like siderophores and phytochelatins, 
respectively, may be produced when bacteria, fungi and algae are stressed with copper 
and other heavy metals and that these metabolic products may increase the tolerance of 
these microbes to copper and other toxic metals.  If the microbial cells are lysed due to 
the effects of toxic metals, additional detoxifying ligands will be released into the water 
column, which may prevent the adsorption of toxic metals and protect living microbes, 
and possibly other organisms in the water column (Clarke et al, 1987). 
 
The production of both endogenous (phytochelatins) and exogenous (siderophores, 
schizokinen, ferroxamine B, et cetera) chelating agents by fungi, bacteria, algae and 
vascular aquatic plants may allow these species to exclude copper and other heavy metals 
and reduce incipient toxicity of these metals or they may aide in the uptake of these 
metals.  A number of species of fungi, algae and aquatic vascular plant may, therefore, 
remove large amounts of copper from the water column and spare other vegetation, fish 
and aquatic invertebrates from the toxic effects of copper exposure.  For example, fresh 
water algae species like Chlorella regularis, Chlorococcus paris and Cladophora 
glomerata accumulate copper in their tissues at concentrations of 2,000 to 4,000-fold 
above the levels found in water (ACP, 1999 and Demayo, 1982).  Since these species and 
similar species of green algae are adversely affected by copper at concentrations as low 
as 0.02 to 0.1 ppm Cu, it is likely that these species of algae will bioaccumulate copper 
until a lethal concentration is reached and will then die and release copper to the aquatic 
ecosystem which may be adsorbed by other vegetation and/or sediment. Other freshwater 
and marine species of algae adsorb copper at levels that range from 400- 21,000-fold and 
75- to 27,000-fold, respectively, over the water concentration (Janus et al, 1989 in ACP, 
1999). In large algal colonies of Sporotetras pyrifomis, and Gongrosira sp., binding of 
copper on the outside cells of the colony are expected to protect the cells further inside 
the colony from the toxic effects of copper. These two species were the most resistant of 
the 25 species tested with inhibitory dosages ranging as high as 0.57 and 0.84 ppm Cu, 
while species that do not typically form large colonies, like Oodegonium sp. and 
Cladophora glomerata, are more sensitive (growth inhibited at rates of 0.12 to 0.29 and 
0.19 ppm Cu, respectively).  Algae strains that are constantly exposed to high levels of 
copper develop a tolerance or resistance to copper.  For example, blue-green algae like 
Anabaena spp. and Aphanizomenon spp. develop a tolerance to copper sulfate treatments 
in the Fairmont Lakes (Hanson and Stefan, 1984) while the various green algae species 
remained susceptible to copper, which resulted in a shift in dominant phytoplankton 
species from green to blue-green species. Green algae may also develop a tolerance to 
copper.  For example, Stigeoclonium tenue and Cladophora glomerata were found in 
rivers with concentrations of copper as high as 0.02 to 0.04 ppm Cu and in rivers with 
high concentrations of organic pollution, the detoxification provided by various copper 
organic chelating agents further reduced the toxicity of copper.  Other green algae species 
that were collected from a lake in Sudbury (Ontario), which were affected by smelter fall-
out and mine tailing run-off, are even more tolerant to copper. Scenedesmus sp. and 
Chlorella sp. collected from this copper polluted lake grew well in laboratory water 
treated with 1.5 ppm Cu, but sensitive species isolated from lakes that had not been 
polluted from smelting and mining activities had their growth inhibited when they were 
exposed to 0.1 ppm Cu.  Tolerant strains of green algae accumulated more copper (1,238 
ppm Cu) than susceptible cells, which indicates that tolerance in these strains was not due 
to the exclusion of copper from cells. The toxicity and uptake of copper decreased in the 
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presence of chelators in water showing that complexed copper is not toxic to these algae.  
The amelioration of copper toxicity matched the complexing capacity of the water fairly 
well  (Stokes, 1974 and McLean, 1974 in Demayo et al, 1982). However, the mechanism 
by which copper is tolerated varies from species to species and even strain to strain.  
Stokes (1974, in Demayo et al, 1982) found that tolerant strains of Scenedesmus 
accumulated more copper than non-tolerant cells while Foster (1977 in Demayo et al, 
1982) found that susceptible strains of Chlorella vulgaris accumulated 5- to 10-times 
more copper than tolerant strains when the application rate was similar.    
 
Furthermore, blue-green algae like Anabaena sp. and green algae like Ankistrodesmus 
braunii may play a role in mobilizing sediment-bound heavy metal ions.  Copper added 
to river water as copper nitrate [Cu(NO3)] at 1.02 ppm Cu was taken up by algae and 
sediment.  Equilibrium was reached between the copper ion-fortified water and algae in 
12 hours in a ratio of 0.65 and 1.02, respectively for Anabaena and Ankistrodesmus 
braunii.  Algae were also able to adsorb copper when sediment was the source of that 
copper.  As was suggested by Teggins and Slinn (1985), copper may not be permanently 
bound to sediment containing kaolite and illite. Therefore, the small amount of copper 
released by sediment to the water will be immediately adsorbed by algae, so that 
equilibrium between sediment and water will not be reached.  As a result, algae may play 
a role in mobilizing sediment-bound copper.  Animals grazing on the algae would in turn 
take up this heavy metal and possibly be adversely impacted if they are not capable of 
detoxifying it by the formation of metallothionein or metalloproteins (Laub et al, 1979 in 
Demayo et al, 1982).  However, as discussed above, grazing animals like fish will 
probably not biomagnifiy copper as it moves up the food chain (Krumholz and Foster, 
1957).   
 
Various sensitive vascular plants can bioaccumulate copper at very high concentrations.  
For example, when copper sulfate or Komeen® plus diquat is applied at typical use rates 
(typically 1 to 2 ppm Cu in water), copper is accumulated at high concentrations in the 
tissue of sensitive plants.  In the Fairmont Lakes, Hale (1972, in Hanson and Stefan, 
1984) stated:  “With abnormally high copper intake in surface waters, the principal 
biological concentrations is in roots of submerged plants, leaves of floating plants and 
shellfish.”  Leafy pondweed may develop a copper concentration above 4,000 ppm before 
succumbing to treatment and sago pondweed may accumulate copper at concentrations 
that are nearly as high.  “This indicates that prolonged treatment is necessary for aquatic 
weed control especially when weeds are well established” (Hanson and Stefan, 1984). At 
application rates of 0.01, 0.1 and 1.0 Cu, Lemna valdiviana accumulated copper at levels 
of 138, 465 and 54,400 ppm Cu, respectively after 3 weeks of exposure, and at 
application rates of rates of 0.1 ppm Cu, copper was adsorbed very quickly and caused 
severe growth inhibition and death of this duckweed species.  Other species of aquatic 
vascular plants bioaccumulate copper when they are exposed in water at inorganic copper 
salt or Komeen® rates ranging from 0.001 to 1.0 ppm Cu.  These species include water 
lily (Nuphar luteum; BCF = 78), watermilfoil (Myriophyllum sp.; BCF = >870), moss 
(Hygroamblystegium sp.; BCF = 2,800), American waterweed (Elodea canadensis; BCF 
= >8,000) and Hydrilla verticillata [BCF =126 to 8850 (Mudroch and Capobianco, 1979 
in Demayo et al, 1982 and Winger et al, 1984)].  Some species of rooted aquatic 
macrophytes (Eleocharis and Nymphaea) adsorb copper from sediment at concentrations 
proportional to the concentrations found in sediment while other species (Equisetum and 
Nuphar) do not (Hutchinson et al, 1975 in Demayo et al, 1982). 
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As has been suggested by Stokes and Lindsay (1979,) the fungus Penicillium ochro-
chloron could be used to remove copper from water at concentrations up to 5,000 ppm 
Cu.  This species can apparently concentrate copper in its tissues at concentrations up to 
400,000 ppm Cu.  Some of the algae and aquatic vascular plants may also be useful in 
removing copper from contaminated water.  However, in order to be most effective, the 
algae, plants or fungi would have to be removed from the water before they succumbed 
or toxic levels of copper could be potentially re-released into the water column.  
 
A number of strains and/or species of microbe are tolerant to the effects of copper, while 
others indicate that high concentrations of copper in sediment may adversely impact the 
health of a treated water body. In the terrestrial environment, copper concentrations in 
soil ranging from 7 to 388 ppm inhibit extracellular enzymes which normally contribute 
to the mineralization of nitrogen (nitrogen fixation) and phosphorous (formation of 
phosphate from other phosphorous containing compounds) and the mineralization of soil 
organic matter (Mathur and Sanderson, 1978 in Demayo et al, 1982).  Copper 
concentrations as low as 50 ppm Cu in soil reduce nitrogen mineralization and 300 ppm 
Cu will reduce nitrogen mineralization by 50% (Mathur and Rayment, 1977 in Demayo 
et al, 1982).  In fact, the decomposition of organic matter, nitrogen and phosphorous 
mineralization rates and the activities of soil urease and acid phosphatase decreases 
linearly with the logarithm of copper plus zinc concentrations in the humus layer of 
terrestrial soil (Tyler, 1975 in Demayo et al, 1982).  Effects of copper on extracellular 
microbial enzymes like alkaline phosphatases, hydrogenases, β-galactosidase and β-
glucosidase were seen on sediments collected from Lake Steilacoom, and these effects 
were dosage dependent and effective in suppressing these enzymes in both sediment (400 
to 900 ppm Cu) and pore water 150 to 450 ppm Cu.  These concentrations of copper 
found in the sediment and pore water of Lake Steilacoom are an early warning indicator 
of chronic contamination (Bennett and Cubbage, 1992). 
 
A variety of fungi and bacterial species isolated from orchard soils are tolerant or 
resistant to the effects of copper sulfate.  Strains of Candida glabrata (fungus), 
Pseudomonas syringae, P. fluorescens, Escherichia coli and Xanthonomus campestris 
(bacteria) that do not possess genes that infer resistance to copper sulfate may be affected 
by concentrations as low as 0.1mM copper sulfate (6.4 ppm Cu).  However, resistant 
strains of these species may not be affected by concentrations of copper sulfate that are as 
high as 1 to 7 mM [64 to 448 ppm Cu (Yang et al, 1996 and 1993; Mehra et al, 1992; 
Voloudakis et al, 1993 and Spotts and Cervantes, 1995)].  Even untreated sediments and 
soils may contain copper concentrations of 20 to 50 ppm Cu.  Therefore, it seems likely 
that the concentration of copper on soils that have been treated for control of plant pests 
or copper deficiency with soil copper concentrations of greater than or equal to 65 ppm 
Cu will adversely impact sensitive species of fungi and bacteria.  All these microbes do 
not degrade elemental copper, but they could possibly degrade the organic amine 
chelating agents in Komeen®, Nautique™, Cutrine®, K-Tea™, Clearigate® or 
Captain™, which could lead to the rapid and long-term adsorption of elemental copper 
from these products into the sediment (Spare, 1996a and 1996b).  Furthermore, these 
species or similar species may be, in part, responsible for the degradation of various 
aquatic herbicides like endothall, 2,4-D or triclopyr.  These species or similar species 
may also be responsible for the removal of off-taste chemicals like geosmin or MIB that 
are produced by various species of algae.  In absence of microbes that can resist the toxic 
effects of algae, organic herbicides and chemicals that produce and off-taste in fish and 
potable water may be more highly persistent. 
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Table 3.6.1: Microbial Metabolites of the Ligands from the Commercial Copper-Complexes 

([14C]Komeen® = Cu-EDA complex) and ([14C]K-Tea™ = Cu-TEA complex) after 
Treatment of a Laboratory Aerobic Aquatic Microcosm Containing 1.0 ppm Cu Test 

Substance and a Sediment:Water Ratio of  1:2 

 
Metabolites  

Observed 6-Days after 
Application 

Metabolites Observed 
and Quantified After 

30 days 

Product Complex Sediment 
Adsorption 

After 6 
days ID % of 

Applied
14C 

ID % of 
Applied 

14C 

Reference 

EDA 38.4 EDA 20.1 
Fulvic 
Acid1,2 

24 Fulvic acid1,2 29 

Humic 
acid1,2 

9 Humic acid1,2 12 

Sediment 
Humin1,2 

20 Sediment  
Humin1,2 

24 

Komeen® Cu-EDA 95% 

Water 
soluble 
residue 

ND Water soluble 
residue 

2 

   CO2 ND CO2 8 

Spare, 
1996a 

TEA+ 
DEA + CO2 

= Total  
K-Tea™ 

Complex in 
acid 

hydrolysis 
of sediment 

 
 
 

48 

TEA+ 
DEA + CO2 

= Total  
K-Tea™ 

Complex in 
acid 

hydrolyze of 
sediment 

 
 
 

64 

K-Tea™ ND K-Tea™ 2 
TEA 523, 5 TEA 65 
DEA 264, 5 DEA 85 
MEA ND MEA 7 
Water 
soluble 
Residue 

ND Water soluble 
Residue 

12 

K-Tea™ Cu-TEA 48% 

CO2 ND CO2 40 

Spare, 
1996b 

 
1 Metabolite or product found in sediment 
2 Biologically unavailable 
3 Percent of applied [14C]Label 3 days after application 
4 Percent of applied [14C]Label 7 days after application 
5 Water soluble material 
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Table 3.6.2: Adsorption of Copper on Algae, Aquatic Vascular Plants and Fungi 
 

Product Organism 
Type 

Species App. 
Rate 

(ppm) 

Concentration in 
Tissue (ppm Cu) 

Bioconcentration 
Factor 

Reference 

Komeen® Vascular 
Plant 

Hydrilla 
verticillata 

(~1-~2) 
15gal/ac 

 

Up to 126 40 to 8,850 Winger et al, 
1984 

Cutrine® Vascular 
Plant 

Hydrilla 
verticillata 

(0.56) 
6 gal/ac 

Up to 82  Up to 3,600 Winger et al, 
1984 

Komeen® Vascular 
plants 

Hydrilla 
verticillata 

0.4  23 to 77  Up to 15,497 Rodgers et al, 
1992 

Copper 
sulfate1  

Freshwater  
Green algae 

Chlorella 
regulars 

NR2 NR2 2,000  
in 20-hours 

Sakaguchi et al, 
1977 in   

ACP, 1999 
Copper 
sulfate1  

Freshwater  
Green algae 

Chlorococcus 
paris 

NR NR Up to 4,000  
in 10 min 

Les and Walker, 
1984 in  

ACP, 1999 
Copper 
sulfate1  

Freshwater  
Green algae 

Cladophora 
glomerata 

NR NR ~2,000  
for Lake Ontario 

~1000  
for Lake Erie 

2,500  
for Spokane River 

Keeney et al, 
1976; Taft and 

Kishler , 1976 & 
Funk, 1976 in 

ACP 1999 

Copper 
sulfate1  

Marine, 
algae 

Various NR NR 85 to 553  
in 25 hours 

Riley and Roth, 
1971 in  

ACP, 1999 
Copper 
sulfate1  

Freshwater 
algae 

Various NR NR 400 to 21,000 Janus et al, 1989 
in ACP, 1999 

Copper 
sulfate1  

Marine 
algae 

Various NR NR 75 to 27,000 Janus et al, 1989 
in ACP, 1999 

Copper 
sulfate1  

Freshwater 
macrophytes 

Various NR NR 30 to 54,000 Janus et al, 1989 
in ACP, 1999 

Copper 
sulfate1  

Marine 
macrophytes 

Various NR NR 10,000 to 20,000 Janus et al, 1989 
in ACP, 1999 

Copper 
sulfate 

Freshwater  
Vascular 

Plant 

Potamogeton 
foliosus 

Probably 
more than 
1.0 ppm 

4,000 NR Hale, 1972 in 
Hanson and 
Stefan, 1984 

Copper 
sulfate 

Freshwater  
Vascular 

Plant 

Potamogeton 
pectinatus 

Probably 
more than 
1.0 ppm 

~4,000 NR Hale, 1972 in 
Hanson and 
Stefan, 1984 

Copper 
sulfate1  

Freshwater  
Vascular 

Plant 

Myriophyllum 
spicatum 

0.01-0.1 8.7-87 870 Dietz, 1972 and 
1973 in Demayo 

et al, 1982 
Copper 
sulfate1  

Freshwater  
Vascular 

Plant 

Nuphar 
luteum 

0.01-0.1 0.78 -7.8 78 Dietz, 1972 and 
1973 in Demayo 

et al, 1982 
Copper 
sulfate1  

Freshwater  
Vascular 

Plant 

Hygroamblyst
egium spp. 

0.01-0.1 28-280 2,800 Dietz, 1972 and 
1973 in Demayo 

et al, 1982 
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Table 3.6.2: Adsorption of Copper on Algae, Aquatic Vascular Plants and Fungi 
(continued) 

 
Product Organism 

Type 
Species App. 

Rate 
(ppm) 

Concentration in 
Tissue (ppm Cu) 

Bioconcentration 
Factor 

Reference 

Copper 
sulfate1  

Freshwater  
Vascular 

Plant 

Myriophyllum 
verticillatum 

0.001-
0.003 

37 
 

>12,000 Mudroch and 
Capobianco, 

1979 in Demayo 
et al, 1982 

Copper 
sulfate1  

Freshwater  
Vascular 

Plant 

Elodea 
canadensis 

0.001-
0.003 

25 
 

>8,300 Mudroch and 
Capobianco, 

1979 in Demayo 
et al, 1982 

Copper 
sulfate1  

Freshwater  
Vascular 

Plant 

Various 
macrophytes 

including 
Eleocaris, 
Nymphaea, 
Equisetum 

and Nuphar 

0.002 
 
 
 
 

0.009 
 

In roots 
6-34 

In leaves 
4-21 

 
In roots 
20-88 

In leaves 
18-81 

In roots 
3,000-17,000 

In leaves 
2,000-10,500 

 
In roots 

2,200-9,800 
In leaves 

2,000-9,000 

Hutchinson et al, 
1975 in Demayo 

et al, 1982 

Copper 
sulfate1  

Freshwater  
Vascular 

Plant 

Lemna 
valdiviana 

0.01 
0.10 
1.0 

138 
465 

54,000 

13,800 
4,650 

54,000 

Hutchinson and 
Czryska, 1975 in 

Demayo et al, 
1982 

Copper 
sulfate1 

Fungus Penicillium 
chloro-
ochron 

Up to 
5,000 in 
pH 2.0 to 
8.0 waste 

water 

400,000 At least 80 Stokes and 
Lindsay, 1979 

 
1 Copper sulfate or other divalent inorganic copper salts 
 

 
3.7 MOBILITY 

 
Summary: Copper exhibits variable adsorption and desorption to soil depending on 
individual soil parameters.  In most soils, adsorption can be considered to be very high. 
Soil or sediment/water partition coefficients corrected for organic carbon (Koc) vary from 
80,000 to 4,630,000 L/Kg (ACP, 1999).  These binding affinities correlate well with the 
Kd values that have not been adjusted for organic carbon content and typical Kd values 
in freshwater ecosystems ranged from 1,000 to 5,000 L/Kg.  The Kd of intact marine 
sediments from the discharge zone near electrical power generation plants ranges from 
50 to 570 L/Kg.  Comparable Kd values for estuarine sediments from the discharge zone 
of electrical power generation plant ranges from 250 to 48,000 L/Kg. Sorption appears 
to be higher in anaerobic than aerobic sediment because under anaerobic conditions, 
insoluble cupric sulfides (CuS) are formed and soluble cupric copper (Cu2+) is reduced to 
the less soluble cuprous copper (Cu+). The precipitation of cuprous sulfides and the 
formation of copper bisulfide and/or polysulfide complexes determine copper’s 
adsorptive behavior in these anaerobic sediments.  Generally, if the soil/water 
distribution coefficient is greater than 5, a pesticide is considered to be immobile.   
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The amount of copper in the sediments is controlled by a number of factors including the 
sorption of metal ions at metal oxide surface sites, ion exchange with clay minerals, 
binding by organic material coated on particles or organic colloidal material, or 
sorption of a metal ligand complex.  Other factors that may effect the concentration of 
copper found on sediment include organic carbon content in water, particle size 
distribution, pH and copper concentration of water.  Because of the possible 
heterogeneity of binding sites on particles, it is difficult to define or predict the reactions 
that are occurring or may occur in sediment from a given site during a given season.  
These factors may account for considerable variability in copper concentration among 
samples collected under different circumstances.  The effect of organic matter on the 
binding of copper does not seem to be simple. Available evidence indicates that removal 
of organic matter may increase or decrease sorption.  Metal ions may be bound to sites 
on the organic coatings of inorganic particles or on organic particles formed from the 
degradation of dead plants and animals.  Organic carbon may be present primarily as 
organic coatings which, when removed, may result in a net increase of binding sites due 
to an increase in reactive inorganic sites.  However, if the sediment contains both 
organic coatings and detritus, removal of organic carbon would result in a decrease in 
the number of binding sites since detritus is more effective in binding copper than 
organic coatings.  Increases in copper concentration are also correlated with particle 
size.  The increase in surface area with smaller particle sizes allows sorption of 
increased amounts of heavy metal and contaminants in the environment (Harrison, 
1986).  
 
Copper adsorbs strongly to a variety of substrates.  The binding affinities depend on the 
components that make up the substrate and preferential binding occurs as follows at pH 
7: hydrous manganese oxides > organic matter > hydrous iron oxide > aminosilicates > 
clay.  The actual sorption or binding of copper would depend on the proportion of the 
minerals and organic matter found in the sediment (ACP, 1999).  Two of the most 
important factors influencing sorption of copper onto soils and sediments are pH and the 
concentration of competing ions.  Sorption of cupric copper is governed by how much of 
the copper is in the cupric form.  In general, at low pH (3.5), very little of the cupric 
copper will adsorb to sediment due to copper existing as cupric copper at these low pHs 
and competition from hydronium ion for binding sites on the sediment.  At a more 
intermediate pH (3.5 to 6.5), an increase in adsorption to clay and solid humic acid 
occurs; and as pH increases to about 7, most of the metal is precipitated and/or sorbed. 
Copper sorption appears to rise abruptly on hydrous metal oxide media when the pH 
increases from 5 and 6.  Various unspecified anions enhance metal adsorption at low pH 
(2.5 to 4.2) when adsorption would not be expected in their absence, since they can form 
salts of low solubility with copper and other metal ions, but other unspecified cations 
(perhaps K+, Ca2+, Mg2+ and other metallic cations or NH4

+) may reduce sorption to 
media on which cation exchange can occur.  
  
Copper will generally be immobile after adsorption to sediment or soil surfaces (Reinert 
and Rodgers, 1987). As described above, pH may strongly impact the adsorption of 
copper to sediment and may therefore, affect the bioavailability of copper particularly 
under high alkalinity and/or high hardness conditions.  At relatively low pH (5 to 6) the 
sorption of copper, lead and zinc increases abruptly on to soils containing high levels of 
hydrous metal oxides.  At high pH, particularly at high alkalinity and/or hardness, the 
poorly soluble hydroxy copper species are likely to become associated with clay.  These 
observations explain, in part, why copper added to alkaline, high pH water bodies might 
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not be highly toxic to fish (Wagemann and Barica, 1979, Whitaker et al, 1978 and 
Majewski et al, 1978). Similar fish sparing effects may occur in waters with lower pH due 
to the presence of 50% peat and 50% sand which lowers the pH of the water and allows 
copper to sorb to hydrous oxides that may be in the sand and humic substance that are in 
the peat (Gangstad, 1978).  
 
Soil parameters interact making it difficult to pinpoint a single cause for high or low 
sorption in soil studies. Nevertheless, it is likely that copper will bind extensively to 
sediments with high cation exchange capacity (CEC), particularly if that high CEC is due 
to the presence of clays like montmorollinite, kaolinite or illite. Even soils containing 
high levels of organic matter may strongly adsorb copper because these soils usually 
have a high CEC. Salt solutions containing high amounts of exchangeable cations can 
desorb copper from sediment containing a high CEC.  Since high salt solutions (0.2 M 
TRIEN and 50,000 ppm potassium nitrate) released ~80% to 90% of the copper bound to 
sediment containing 3.1% to 8.3% organic carbon, Teggins and Slinn (1985) concluded 
that sediment is an inefficient ion exchange material for copper ions and this ready 
regeneration of adsorbed copper indicates that most of the adsorbed copper is in a 
relatively labile form.  Unless the adsorbed copper reacts with acid volatile sulfides or 
other complexing agents to form insoluble copper-complexes, adsorption of free copper 
by typical sediments is not expected to be a permanent process.  Although the adsorption 
of free copper to sediment may not be a permanent process, it is certainly a long-term 
process since only about 5% of the copper adsorbed to sediment is labile and/or easily 
exchangeable (Roper, 1990 in ACP, 1999).  The concentration of copper in surface 
sediments is only likely to decrease if ion exchange, solubilization of the matrix, 
decomposition of the matrix, a change (increase) in the redox potential, a physical 
overturn, dredging or hydrolysis due to rapidly moving water occurs (Demayo et al, 
1982; ACP, 1999; Hanson and Stefan, 1984 and Nelson et al, 1969).  
 
Mobility of copper within the water column may also be affected by the sorption of 
copper to algae, fungi and aquatic macrophytes. Various species of algae and aquatic 
vascular plants and fungi are known to adsorb copper from the water column and these 
species may be useful in mitigating the effects of high water concentrations of copper 
after misapplication or wastewater processing causes high concentrations of copper to 
occur in waters used for human or wildlife benefit. 
 
Evidence indicates that copper at typical environmental concentrations binds strongly 
and irreversibly to most soils and sediments. The binding is so tight that significant 
desorption is unlikely and in those sediments where copper does not accumulate, 
unbound copper may be removed rapidly due to transport by moving water, particularly 
in lotic systems like irrigation canals, rivers, runs and creeks and from lakes and ponds 
with inlet and outlet streams that cause a rapid turnover of the water volume. It is 
unlikely that significant amounts of copper will be released from the sediment due to an 
equilibrium shift in a short enough time period to adversely impact the use of water that 
has been treated with copper. However, based on the toxicity of copper (LC50 = 262 ppm 
Cu versus LC50 = 15.9 ppm Cu) to Hyalella azteca on silt sediment (80% silt; RE = 4.0 
mV; % organic carbon = 1.7%) versus sand sediment (>95% sand; RE = 125 mV; % 
organic carbon = 0.02%) it appears that copper is less biologically available on silt 
sediment where the particles are fine, the organic carbon content is higher and the redox 
potential is lower (Huggett et al, 1999). 
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When copper is applied to soil, no significant potential exists for the chemical to be 
carried down into the soil with water movement from rain and irrigation. Pesticides 
exhibit a wide range of leaching potential, from those that adsorb strongly to soil particles 
and are not released before they break down, to those that do not adsorb significantly (or 
adsorb, then desorb) and will travel considerable distances down through the soil, 
sometimes as far as the ground water table. The sorption of various chemicals to soil is 
affected in a number of ways by soil parameters such as organic matter, clay content, and 
type, cation exchange capacity, tendency to complex with inorganic and organic ligands, 
and pH.  Teggins and Slinn (1985) compared the concentration of copper found in 
sediment in mg Cu/g sediment with the amount of organic carbon (mg oc/g sediment) 
after equilibration of 50 grams of sediment with 500 grams of sediment for 5 hours.  In 
this study 6 sediments were tested which contained varying organic carbon levels (0.3 to 
133 .0 mg oc/g sediment); the copper adsorption was well correlated with the organic 
content in the soil with a correlation coefficient in excess of 0.999, which indicates that 
for these sediments, organic carbon is the primary factor that controls the adsorption of 
copper. However, as indicated by Roper (1990 in ACP, 1999), a number of soil 
characteristic affect the amount of copper that sediment may adsorb.  The binding 
affinities of various sediment components for copper are as follows: hydrous manganese 
oxides > organic matter > hydrous iron oxides > aminosilicates > clay.  Some of these 
sediments components have been separated and the partition coefficient (Kdads) 
determined at pH 7: the partition coefficient for manganese oxide, estuarine humic 
material (organic matter) and iron hydroxide were quoted as 6,300, 2,500 and 1,300 
L/Kg.  This data indicates that the relative affinities stated above are accurate. However, 
the contribution of manganese oxide due to low concentrations in most sediments will 
usually be fairly low and typically accounts for ≤1% of the bound copper (Roper, 1990 in 
ACP, 1999).  A factor which may contribute extensively to the adsorbing of copper is the 
redox potential.  At low redox potentials, anaerobic conditions exist which would lead 
copper to become less soluble (more sorptive to sediment) due to the formation of cupric 
sulfides (CuS) and the reduction of cupric copper (Cu2+) to cuprous copper (Cu+) and 
metallic copper.  In anaerobic conditions cuprous sulfides (Cu2S), copper bisulfide, 
copper polysulfide complexes, cuprous oxide (Cu2O) and metallic copper will be formed 
and precipitate out (be sorbed) onto the sediment.  The movement of copper in sediment 
is dominated by the physical turnover of sediment, resuspension and sedimentation.  
Copper is only likely to be released from sediment if the following conditions exist: 1) 
ion exchange where cations from solution change place with adsorbed cupric cation; 2) 
solubilization of the matrix; 3) decomposition of the matrix; 4) turnover of the matrix; 5) 
hydrolysis of the copper from sediment under acid conditions in lotic systems; 6) an 
increase in the redox potential on more oxidative conditions which also may occur more 
readily at lotic sites; or a change in sediment type by the action of microbes and benthic 
organisms from a type which readily binds copper (silt-clay-loam with high organic 
matter and high cation exchange capacity) to a type that does not readily bind copper 
[sandy with low organic matter and low cation exchange capacity (Demayo et al, 1982;  
Teggins and Slinn, 1985; Nelson et al ,1969, and Harrison, 1986)]. The main factors 
governing desorption and leaching are the cation exchange capacities when clays like 
montmorillonite, kaolinite and illite are present or hydrolysis occurs in rapidly moving 
water.  “Sediment could be regarded as inefficient in exchange materials for copper ions 
and the ready regeneration (80% to 90%) of the adsorbed copper from sediments suggest 
that in some sediments copper is in a relatively labile form.  Unless this adsorbed copper 
were to react with materials such as sulfides to form insoluble compounds, adsorption by 
… sediments of free copper ion present in river waters would not be expected to be a 
permanent process” (Teggins and Slinn, 1985).   However, Teggins and Slinn only found 
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high levels of copper desorption when high salt solutions (0.2 M TRIEN plus 50,000 ppm 
potassium nitrate) is equilibrated with the sediments for 5 hours.  It is unclear if the high 
salinity in seawater (32,000 ppm saline) is sufficient to desorb copper from estuarine and 
marine sediments.  Fall and/or spring turnovers have the potential to re-suspend copper 
(particularly particulate copper) in the water column (Sanchez and Lee, 1978). Increase in 
particulate copper and in the hypolimnion and increases in dissolved copper in the 
epilimnion were seen after a turnover but were generally not high, typically increasing 
from 0.001 ppm Cu before the fall overturn to 0.002 or 0.003 after the fall overturn in 
Lake Monona (Wisconsin).  It should be noted that during both 1969 and 1970, no copper 
sulfate was added to Lake Monona.  The copper profiles described above are the result of 
release or suspension of copper in the sediments and copper brought in from tributary 
sources. “The dissolved copper concentration generally showed an inverse relationship to 
sulfide concentration with the highest concentrations normally found in sulfide free 
water”(Sanchez and Lee, 1978).  Higher concentrations of dissolved copper were 
attributable to lower pH values since lower pH values make basic copper carbonate more 
soluble.  Copper may also be eliminated from the sediment due to the scouring effects of 
water in a rapidly moving lotic system (irrigation canals) and the hydrolysis, which 
releases particulate bound copper and dissolved copper into the flowing stream may 
decrease the concentration of copper in the sediment of irrigation canals from 6.1 to 9.8 
ppm that occurred 2 to 3 days after application to background levels (3.9 to 8.1 ppm Cu) 
7 to 8 days after application (Nelson et al, 1969).  
 
Very few controlled laboratory batch equilibrium studies have been conducted and most 
of these were conducted with inorganic copper salts including copper sulfate.  Controlled 
laboratory "batch equilibrium" studies are designed to measure the adsorptive properties 
of pesticides to four representative soils (EPA, 1985). There are currently no comparable 
test guidelines specifically for sediment but the adsorptive properties of sediments have 
been reported by ACP (1999) and by Harrison (1986).  Considerable variability could be 
accounted for by organic carbon content, hydrous iron oxide content, differences in the 
cation exchange capacity, and particle size of the sediment.  The partition coefficients 
under both batch equilibrium conditions, aerobic soil metabolism conditions and field 
conditions are reported in Table 3.7.1. Only adsorption coefficients (Kads) have been 
reported.  Desorption coefficients (Kdes) were not available; and it is not entirely clear 
what Kdes values mean since after copper is sorbed to soil or sediment at concentrations 
that typically range from ~50 to 5,600 ppm, desorption does not readily occur in water 
solutions. Solutions with high concentrations of salt (0.2M TRIEN plus 50,000 ppm 
potassium nitrate) may extensively (~80% to 90%) desorb copper from estuarine and 
river sediments that are inefficient ion exchange material for copper (Teggins and Slinn, 
1985). The soil partition coefficients Kdads and Kddes are measures of the potential for 
adsorption to soil and for desorption from that soil, respectively, and are calculated as the 
copper concentration in soil divided by the concentration in water at equilibrium in a 
soil/water system with a single starting copper concentration in the water. ACP (1999) 
reported partition coefficients for inorganic copper salts, corrected for organic carbon 
(Kocads), ranging from 8 x 104 to 4.63 x 106 L/Kg values on relevant freshwater and 
estuarine sediments.  Factors that may cause variations in adsorption include the amount 
of various ligands available including organic matter, carbonate minerals, clay minerals 
(cation exchange capacity), hydrous iron oxides and hydrous manganese oxides.  As 
described above, the binding affinities of copper to these ligands varies considerably but 
predictably.  However, since hydrous manganese oxide is only found at low levels in 
most soils, it is anticipated that the majority of copper would be bound with organic 
matter and iron oxides.  In Harrison (1986), inorganic copper salts adsorbed to freshwater 
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sediment, estuarine sediment and marine sediment with a partition coefficient (Kdads) of 
1,000 to 5,000, 250 to 48,000 and 50 to 570 L/Kg, respectively. 
 
The data that was used did not generally report the sediment characteristics like percent 
organic carbon, cation exchange capacity (CEC), pH, percent clay, percent silt percent 
sand and percent gravel or the water quality characteristic.  Certain generalizations have 
been made by Masuda and Boyd (1983) and Demayo (1982) regarding sediment 
characteristics.  Masuda and Boyd have reported that fine soils like clay with a high 
organic matter (5.0% = 2.9% organic carbon) and a high cation exchange capacity (0.045 
me/g) adsorb copper from copper sulfate or Cutrine® at a faster rate (0.326 to 0.506 day-1 
versus 0.278 to 0.274 day-1) than fine soils with low organic matter (<0.1% = <0.058% 
organic content) and low CEC (0.0123 me/g).  Furthermore, course soils like sand with 
low organic matter (0.5% = 0.29% organic carbon) and low CEC (0.0075 meq/g) adsorb 
copper at a slower rate (0.240 to 0.208 day-1) than the soils containing clay.  Generally 
speaking, copper sulfate is adsorbed more rapidly (0.506 day-1 versus 0.326 day-1) than 
Cutrine® on clays, soils with high clay content, high organic matter and high cation 
exchange capacity but the adsorption rate of these products was similar on the other clay 
soil (0.274 day-1 versus 0.278 day-1) and on the sand (0.208 day-1 versus 0.240 day-1). The 
equilibrium concentrations (0.339 to 0.458 ppm Cu) of copper were similar with both 
copper sulfate and Cutrine® on all soil types tested.  However, since the rate of 
adsorption is higher with copper sulfate on high clay soil with high organic matter and 
high CEC than with Cutrine®, you would expect the DT75 (residence time) to be shorter 
with copper sulfate (4.31 days) than with Cutrine® (6.33 days). 
 
One of the most important factors influencing sorption of copper onto soils and sediments 
is pH and the concentration of competing ions.  For example, the amount of copper 
adsorbed onto clay increases linearly as pH rises from 3.5 to 6.5; and as pH increases to 
about 7, most of the metal is precipitated and/or sorbed.  However, in acidic solution (pH 
<5), most of the cupric copper (Cu2+) stayed in solution due to competition from 
hydronium ion (H3O+) for binding sites on kaolinite clay; below pH 3.5, no cupric ion 
uptake occurred but in the presence of organic ligands, the sorption of copper increased at 
low pH (<5.0). Furthermore, the formation of stable cationic complexes could have 
prevented the precipitation of less soluble hydroxy species, which become associated 
with clay in alkaline media. At high pH (alkaline conditions) some organic ligands 
(tartrate and gluconate) limited the amount of copper adsorption to clay suspensions. 
 
The sorption of cupric copper on various media (MnO2, bentonite clay or solid humic 
acids) is also influenced by pH.  At pH greater than 6.0, 50% of the copper was sorbed 
onto particulates and the other 50% was complexed in solution.  At pH of 3.5 to 6.0 a 
significant portion of the dissolved copper is in free form [Cu2+ (Demayo et al, 1982)].  It 
can be estimated from the work of Wagemann and Barica (1979) that almost all of the 
copper (>80%) will be in free form at pH of 3.5 and 25% to 30% of the copper would be 
in free form at pH of 6.0.  At a pH between 2.5 and 4.2, copper is desorbed from 
particulates and at pH <2.5 all copper would be in solution as free cupric ion.  Copper 
sorption appears to rise abruptly on hydrous metal oxide media when the pH increases 
from 5 and 6.  Various unspecified anions enhance metal adsorption at low pH (2.5 to 
4.2) when adsorption would not be expected in their absence since they can form salts of 
low solubility with copper and other metal ions; but other unspecified cations (perhaps 
K+, Ca2+, Mg2+ and other metallic cations or NH4

+) may reduce sorption to media on 
which cation exchange can occur.  
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Copper will be generally immobile after adsorption to sediment or soil surfaces (Reinert 
and Rodgers, 1987). As described above, pH may strongly impact the adsorption of 
copper to sediment and may therefore, affect the bioavailability of copper, particularly 
under high alkalinity and/or high hardness conditions.  At relatively low pH (5 to 6) the 
sorption of copper, lead and zinc increases abruptly on to soils containing high levels of 
hydrous metal oxides.  At high pH and particularly at high alkalinity and/or hardness, the 
low solubility hydroxy copper species are likely to become associated with clay.  These 
observations explain in part why copper added to alkaline, high pH water bodies may not 
be highly toxic to fish (Wagemann and Barica, 1979; Whitaker et al, 1978 and Majewski 
et al, 1978) and similar fish sparing effects may occur in waters with lower pH due to the 
presence of 50% peat and 50% sand which lowers the pH of the water and allows copper 
to sorb to hydrous metal oxides that may be in the sand and organic matter in peat 
(Gangstad, 1978). 
 
Modified batch equilibrium studies were conducted with copper sulfate on sediment that 
had its organic carbon content, CEC and pH quantified.  In these studies, the partition 
coefficient (Kdads) was estimated to be 330 L/Kg on soils with low organic carbon 
content (0.58%) and low CEC (0.035 meq/g), while greater adsorption (~950 L/Kg) was 
seen on soils with high organic carbon content (1.3% to 7.7%) and higher CEC [0.068 to 
0.515 me/g (Riemer and Toth 1970 in EPA, 1985) Table 3.7.1].  Aerobic aquatic 
metabolism studies were conducted with the commercial copper-complexes Komeen® 
and K-Tea™ and the partition coefficient was estimated to be 63 and 11 L/Kg, 
respectively, on soils with organic carbon content of 1.16% (Spare, 1996 a and Spare 
1996 b).  However, EPA (1985) does not find any of the laboratory data to be adequate 
for determining the sorption of copper products onto sediment.   
 
There is some disagreement as to exact classification values. However, in general, Kdads 
values greater than 5.0 are characteristic of compounds that are not appreciably mobile. 
Kdads values from 1.0 to 5.0 indicate a potential for greater mobility, and Kdads values of 
less than 1 denote considerable solubility potential.  Therefore, it seems unlikely that the 
commercial copper products, including copper sulfate pentahydrate, Komeen® (Cu-EDA 
complex) and K-Tea™ (Cu-TEA complex) will be mobile when applied to water for the 
control of label specified algae and vascular weeds.  It is likely that all of the copper 
sulfate pentahydrate products will be essentially immobile when adsorbed to aqueous 
sediment.  Since Komeen® is considered immobile, similar products like Nautique™ 
should also be immobile; and since K-Tea™ is considered to be immobile, similar 
products like Cutrine®, Clearigate® and Captain™ should also be immobile.   
 
The ultimate sink for copper in the aquatic environment is deposition in sediments, which 
then forms an important reservoir of copper in freshwater environments.  High 
concentrations of copper have been reported both at sites where copper is used to control 
algae and aquatic weeds (~100 to 5,600 ppm Cu), and from industrial sources like 
drainage from mining (37 to 2,398 ppm Cu), mine tailings (1,100 to 7,650 ppm Cu) and 
hydroelectric cooling water impoundments [1 to 7927 ppm Cu (Bennett and Cubbage, 
1992; Serdar, 1995; Hanson and Stefan, 1984 and Harrison, 1986)].  “The major fate 
process for copper in aquatic systems would be sediment sorption and export from the 
system.  Both these processes would reduce the amount of copper in the aqueous phase.  
However, sorption does not remove Cu from the system; copper has merely been moved 
from the aqueous phase to the sediment phase and will remain in the system indefinitely” 
(Reinert and Rodgers, 1987). Under long term treatment conditions, copper is not likely 
to desorb and accumulates to very high concentrations in Sylvia Lake [Washington (80 to 
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258 ppm Cu)], Lake Monona [Wisconsin (50 to 600 ppm Cu)], Lake Steilacoom 
[Washington (180 to >1000 ppm Cu)] and in the Fairmont Lakes [Minnesota (170 to 
5,600 ppm)] after treatment during the spring and summer seasons for many years.  
While Sylvia Lake was only treated for a few seasons, Lake Steilacoom, Lake Monona 
and the Fairmont Lakes have been treated for 25, 50 and 58 years, respectively (Serdar, 
1995; Bennett and Cubbage, 1992; Sanchez and Lee, 1978; Harrison, 1986 and Hanson 
and Stefan, 1984).   
 
The concentrations of copper decreased in Lake Monona from 600 to 250 ppm Cu over a 
couple of years without treatment due to the transport of untreated sediment from 
tributaries, which may cover older sediment with high copper concentrations.  Also, due 
to dredging with subsequently reduced treatment with copper sulfate, the concentration of 
copper in the sediments of the Fairmont Lakes decreased from 170-5,600 to 162-943 ppm 
Cu.  Lower concentration of copper in sediment improves the numbers and diversity of 
benthic organisms and changes the dominant species from pollution tolerant species like 
Chironomus spp. and Bothrioneurum vejdovskyanum to pollution sensitive species like 
Ophidonais serpentina and Simocepahlus vetulus (Hanson and Stefan, 1994; Bennett and 
Cubbage, 1992 and Sanchez and Lee, 1978). 
 
Mobility of copper within the water column may also be affected by the sorption of 
copper to algae, fungi and aquatic macrophytes. Various species of algae and aquatic 
vascular plants and fungi are known to adsorb copper from the water column. For 
example, in freshwater systems, algae (particularly Chlorella regulars, Chlorococcus 
paris and Cladophora glomerata) macrophytes (particularly Potamogeton foliosus, P. 
pectinatus, Hydrilla verticillata, and Lemna valdiviana) and fungi (particularly 
Penicillium ochra-chloron) bioaccumulate copper at concentrations that are 400- to 
21,000-, 30- to 54,000- and more than 80-fold, respectively.  Use of these organisms may 
possibly be effective in mitigating the effects of high concentrations of copper sulfate 
found when misapplication or wastewater processing causes high concentrations of 
copper to occur in a water body or wastewater effluent (Janus et al, 1989 in ACP, 1999; 
Hanson and Stefan, 1984; Demayo et al, 1982 and Stokes and Lindsay, 1979).  However, 
as these organisms succumb, copper may be released into the water column where 
adsorption to other aquatic vegetation or to the sediment will again remove accumulated 
copper from the water column.  Nevertheless, the sediment is the ultimate sink for copper 
adsorption and after adsorption to sediment occurs, elemental copper will persist 
indefinitely in the sediment phase.  The residence time for elemental copper on typical 
sediments is estimated to be 500,000 years and it will take this long for all of the copper 
to be removed and replaced by materials of other origin (Horne, 1969 in Ecology, 1992). 
 

 In this report, only adsorption coefficients (Kdads) have been reported.  The results for 
these tests on a number of sediments and estimates of Kdads from aerobic aquatic studies 
and field tests are presented in Table 3.7.1.  Desorption coefficients (Kdes) were not 
available. High salt solutions (0.2 TRIEN plus 50,000 ppm potassium nitrate) may desorb 
80% to 90% of the elemental copper from estuarine and river sediments. However, under 
standard environmental conditions, copper is not expected to desorb from these 
sediments.  It is unclear if typical marine or estuarine water with saline concentrations of 
32,000 ppm (32 parts per thousand) will be high enough to desorb elemental copper from 
sediment even if that sediment is an inefficient ion exchange material for copper ions 
(Teggins and Slinn, 1985).  Soil partition coefficients Kdads and Kddes are measures of the 
potential for adsorption to sediment and for desorption from sediment, respectively, and 
are calculated as copper concentrations (ppm) in soil divided by the concentration in 
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water at equilibrium in a sediment/water system starting with a single copper 
concentration in water.  Both ACP (1999) and Harrison (1986) reported Kdads values for 
several relevant sediments in Table 3.7.1. The Freundlich Kads is another way of 
calculating leaching potentials but uses the results of a series of tests with different 
starting concentrations.  The parameters are particular to the specific soil or sediment 
being tested, and soils are chosen to represent typical agricultural soil types.  To calculate 
Kdads (and Freundlich Kads), biologically active soil or sediment, plus water containing the 
copper product of interest, are put in a sealed vial and shaken slowly for several hours 
until an adsorption equilibrium is reached (no more copper can be adsorbed by the 
soil/sediment).  The amount of copper product in the water and soil is determined by an 
appropriate analytical method.  If Kddes values are determined, the water is removed, 
replaced with fresh water, and the vial shaken again to allow the copper product to desorb 
from the soil back into the water.  From measurements then taken, the Kddes is calculated 
in the same manner as Kdads.  However, in the only study cited here (Teggins and Slinn, 
1985), the amount of desorption was indicated by the percent of the copper product that is 
desorbed from soil/sediment.  Taken together, the adsorption and desorption coefficients 
indicate how well a copper product is adsorbed to and released from a typical soil and 
hence, will give a measure of leaching potential.  
 
There is some disagreement as to exact classification values. However, Kdads and 
Freundlich Kads values greater than 5 are normally characteristic of compounds that are 
not considered to be appreciably mobile, values from about 1 to 5 indicate a potential for 
greater mobility, while values less than 1 denote considerable mobility potential. In a 
similar manner, high Kddes and Freundlich Kdes values or a low percentage of desorbed 
pesticide indicates that an adsorbed compound will remain bound to soil and resist being 
carried downward. 

Kd and Freundlich K values are composite values measuring adsorption caused by any of 
several soil characteristics such as clay content, aluminum content, cation exchange 
capacity (CEC), and organic carbon. Koc values represent an attempt to separate out the 
role of organic carbon in soil adsorption from the other factors. Because organic carbon 
plays a significant role in the soil adsorption of many pesticides, Koc values are often 
used to predict pesticide mobility. However, since Koc depends on 2 variables (Kd and 
carbon content), it must be used with caution.  In the case of copper, Koc may be almost 
irrelevant since the controlling factor in the adsorption of copper may or may not be 
related to the amount of organic carbon in the soil or sediment.  The presence of organic 
coating on soil or sediment particles may increase or decrease adsorption depending on 
whether this organic carbon coating increases or decreases the number of binding sites.  
The number of sites that can bind copper is very high on some soils that do not contain 
high levels of organic carbon. These binding sites may be associated with organic carbon, 
but may also be associated with carbonate minerals, clay minerals with a high CEC 
(kaolinite, illite and montmorillonite) and hydrous metal oxides [hydrous iron oxides and 
hydrous manganese oxides (Harrison, 1986 and Roper, 1990 in ACP, 1999)]. 
 
Koc values are calculated by dividing Kd and Freundlich K values by the decimal percent 
of organic matter or organic carbon in a soil. For example, high organic sediment from 
Carnegie Lake [New York (EPA, 1985)], Kocads is calculated as (950/7.7%) x 100%= 
12,337 L/Kg).  Koc values may give an idea of the importance of organic carbon in a soil 
or sediment in adsorbing a chemical. Koc values are generally numerically higher than 
Kd or Freundlich K values. A higher value indicates organic carbon is more influential in 
trapping a pesticide. For instance, in Table 3.7.1, the Koc values for copper products 
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range from 950 to 4,630,000 L/Kg (Riemer and Toth, 1970 in EPA, 1985; ACP, 1999; 
Suedel et al, 1996; Roper, 1990 in ACP, 1999 and Bennett and Cubbage, 1992).  The 
lower values were estimates based on the results from microcosms where the 
concentration of copper in water and soil were measured after equilibrium had been 
established (Spare, 1996a and 1996b).  Unfortunately, the percent organic matter was not 
available for most of these studies. Kdads were reported for a variety of soils and they 
ranged from 50 to 570 L/Kg for intact marine sediments from San Onofre and Diablo 
Canyon (California) to 250 to 48,000 for estuarine sediments from Surry and Salem 
(UK). ACP (1999) reported that the Koc on a typical soil is 80,000 to 4,630,000 L/Kg 
and calculations based on the results in Nelson et al (1969) indicate that the Kads for 
typical suspended sediment in a Washington State irrigation canal is 3,900 to 7,200.  It is 
clear from this data that copper is likely to be immobile and biologically unavailable 
when it is sorbed to a typical soil or sediment. 
 
It is emphasized that all of the "K" parameters discussed above are specific to a particular 
soil or sediment, and to the initial concentration of a chemical applied to the soil or to a 
sediment/water system. A Freundlich K for a particular soil is a single value calculated 
using the adsorption or desorption results from all of the initial concentrations used in an 
experiment, but a Kd is calculated separately from the result of each initial concentration. 
Unless specified otherwise, Kd and Freundlich K parameters reported in published 
literature are for adsorption; measurement of desorption values is rare.  Where K values 
are given without the soil type and chemical concentration being specified, care should be 
exercised in using those values for evaluation of leaching potential. 
 

3.7.1 Soil and Sediment 
 
The adsorption constants (Kd) located during this review deal primarily with sediments 
but it can be assumed that sorption to soil will behave in a similar manner. It is not clear, 
in many of the mobility studies cited in Table 3.7.1, what the characteristics of sediment 
are. However, the location by state and the type of water body freshwater, marine or 
estuarine is given along with the soil characteristics when they are known. Soil mobility 
data are directly relevant to the expected behavior of copper over-sprayed on shoreline 
vegetation and to some extent indicates what may happen if a lake level drops, exposing 
shoreline sediment to drying, soon after treatment. Unfortunately, soil adsorption data is 
not generally available.  Nevertheless, the available pond and lake sediment data can also 
be reasonably extrapolated to predict to some extent the adsorption of copper on 
terrestrial soils. Sediment will usually have a higher organic material content than soils, 
except for muck soils, and therefore, sediment tests on lower organic carbon sediments 
could be used as a guide to anticipate the potential for copper adsorption to these 
terrestrial soils.  Unfortunately, the percent organic matter and CEC are often not 
indicated in studies where sediment/water adsorption coefficients were calculated. 
 
There have been no studies reported by EPA (1985) that were conducted according to 
EPA pesticide assessment guidelines to determine the adsorption constants in 3 
representative soils and a sand.  However, various studies have been conducted which 
estimate Kdads and Kocads  (ACP, 1999; Harrison et al, 1983 in Harrison, 1986, 1985) and 
the Freundlich Kads can be estimated from the work done by Suedel et al (1996) which 
plotted the inverse of the Freundlich isotherm in laboratory whole sediment toxicity 
studies.  A study conducted by Riemer and Toth [1970 in EPA, 1985 (while not 
conducted according to EPA guidelines)] can provide information on mobility and the 
Kdads for this study on 3 separate sediments can be estimated. Table 3.7 gives the results 
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for soil water partition coefficients (Kdads and Kocads). In all of the sediments, Kads for 
inorganic copper products, including copper sulfate, were very high (50 to 48,000 L/Kg) 
indicating that copper was strongly adsorbed to the sediment and that it is unlikely that it 
will be readily desorbed back into solution (ACP, 1999 and Harrison et al, 1983 in 
Harrison, 1986). Similar calculations after equilibrations in microcosms, mesocosms or 
field plots indicates that the Kads was also very high with Komeen®, K-Tea™ or 
Cutrine®; typical studies conducted with these products yielded Kads values that were 
greater than 200 L/Kg after 1 to 30 days of equilibration (Kads for Komeen® = 63 to 
>3,200 L/Kg; Kads for K-Tea™ = 11 L/Kg; and Kads for Cutrine® = 315 to 375 L/Kg), 
which also indicates that these commercial copper-complexes were strongly adsorbed to 
the sediment and are not likely to desorb as long as no significant changes in sediment 
characteristics, redox potential, water flow or  water body turnover occurs (Spare, 1996a 
and 1996b and  Winger et al, 1984). The sediments used for these studies often did not 
have organic carbon content or cation exchange capacity specified. Copper sorption by 
sediment is related to the organic carbon content, carbonate mineral content, hydrous 
metal oxide content (manganese oxides, iron oxides and aluminum oxides) and clay 
mineral content (kaolinite, illite and montmorillonite).  Roper (1990 in ACP, 1999) 
indicates that the majority of copper would be bound with organic matter and iron oxides.  
However, Payne and Pickering (1975 in Demayo et al, 1982) indicate that in the presence 
of various unspecified ligands, cupric copper (Cu2+) was extensively bound to clay.  
Furthermore, Farray and Pickering (1977 in Demayo et al, 1982) indicate that the amount 
of copper removed from solution was a function of the clay (kaolinite, illite or 
montmorillonite), solution pH, concentration of copper cations, the nature and 
concentration of any ligands present and the order in which various chemical (clay, 
competing ions and ligands) came into contact with cupric copper and/or the sediment.  
For example, when the concentration of cupric copper was 11 ppm, the amount of metal 
adsorbed by clay increased linearly in the pH range of 3.5 to 6.5 but at pH 5 most of the 
cupric copper ions stayed in solution and at pH <3.5 clay did not adsorb cupric copper 
ion.  The formation of stable cationic complexes may prevent the precipitation of low 
soluble copper hydroxides that become associated with clay under alkaline conditions.  
The presence of hydronium ions or protonated ligands, which compete with copper for 
adsorption sites, also reduces the sorption of cupric copper ions onto clay minerals.  As 
pH increases to about 7 most of the cupric copper will be precipitated and or sorbed.  It 
may be concluded that while soil organic carbon may play a significant roll in adsorbing 
copper, other factors, including the presence of clay minerals with a high CEC, hydrous 
metal oxides, and aminosilicates, may also play an important role in the adsorption of 
copper products and that desorption is unlikely when concentrations of copper on 
sediment are typical of environmental concentrations.  However, changes in the sediment 
character, pH, redox potential and water flow or the occurrence of a turnover event may 
cause copper to become labile and to be re-dissolved from the sediment into the water 
(Harrison, 1986; Harrison, 1985; Sanchez and Lee, 1978; Nelson et al, 1969 and Teggins 
and Slinn, 1985).  This can be a serious issue since the amount of labile copper may 
strongly influence the long-term toxicity of copper in a water body.  For example, labile 
copper at concentrations of 0.013 to 0.0339 ppm Cu in the effluent of a power station was 
toxic to bluegill sunfish in the H.B. Robinson cooling water impoundment. These 
concentrations of labile copper have reduced the abundance of adult and larval fish 
populations, interfered with growth and induced structural deformities in bluegill sunfish. 
Other cooling water impoundments like Fort St. Vrain, and Kewaunee have less labile 
copper dissolved in the water and there have been no credible reports of long-term 
chronic impact on fish confined to these impoundments (Harrison, 1985 and Harrison, 
1986).  
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There have been a number of reports of high Kads values in both freshwater and estuarine 
sediments.  For example, ACP (1999) has reported that the Kocads ranged from 8 x 104 to 
4.63 x 106 L/Kg, and even if the sediment organic content were very low (<0.1%), the 
Kdads would still be very high (8 to 463 L/Kg).  There have been other reports that 
indicate that the Kdads in freshwater sediment, intact marine sediment and estuarine 
sediment are as high as 1,000 to 5,000, 50 to 570 and 250 to 48,000 L/Kg (Harrison, 1983 
in Harrison, 1986), and even in situations where Kdads can only be estimated for copper 
sulfate or the commercial copper-complexes like Komeen®, K-Tea™ and Cutrine®, 
these adsorption constants remain high [11 to ~1,000 (Spare, 1996a and 1996b and 
Riemer and Toth, 1970 in EPA, 1985)]. These findings indicate that copper was strongly 
adsorbed on all of the sediments studied. As described above, the main factors that 
contribute to the adsorption of copper include organic carbon content (humic acid, fulvic 
acid and other higher molecular weight humic substances), hydrous iron oxide content 
and the presence of clay minerals like kaolinite, illite and montmorillonite that have a 
high CEC.  Organic matter may play a significant role in the sorption of copper but the 
most important factor contributing to the sorption of copper is probably the CEC and the 
amount of clay minerals like montmorillonite and bentonite (kaolinite). Copper was 
adsorbed firmly by these sediments and is likely to be retained under typical treatment 
conditions, providing that dredging and lake water turnovers do not occur and the pH, 
redox potential and water flow remain the same. Horne (1969 in Ecology, 1992) is very 
confident that the residence time for copper will be very long and estimates that it will be 
500,000 years.  The major processes affecting the persistence of copper in aquatic sites 
are sediment sorption and physical export from the system (Reinert and Rogers, 1987 and 
Westerdahl and Getsinger, 1988 in Ecology, 1992).  Both processes reduce the amount of 
copper in the aqueous phase; however, sorption does not remove copper from the system. 
Copper has only been removed from the aqueous phase to the sediment phase and may 
remain in the system indefinitely.  

 
The Kdads and Kocads for inorganic copper salts from natural waters in field studies in 
Lake Steilacoom, Black Lake and Sylvia Lake, various harbors and estuaries and for 
Komeen® and Cutrine® in ponds and field sites containing detritus and water from the 
Loxahatchee Wildlife refuge in Florida have been estimated. Based on the concentration 
of copper in pore water or overlying water and sediment, it was estimated that the Kdads 
was very high, ranging from 2,000 to 3,500 L/Kg (Kocads = 14,000 to 49, 000) in Lake 
Steilacoom (Washington), 2,180 L/Kg (Kocads = 28,000 L/Kg) in Black Lake 
(Washington) and 31,000 to 34,000 in Sylvia Lake [Washington (Bennett and Cubbage, 
1992 and Serdar, 1995)].  The estimated Kdads was very high for sediments in freshwater 
and estuarine water harbors, ranging from 16,500 to 49,000 L/Kg in the Arlington Ship 
Canal (Mobile, Alabama) to 24,000 to 310,000 L/Kg in cases where partition from 
overlying water and pore water to sediment were estimated for the freshwater harbors in 
Ashtabula Harbor (Ohio) or Houston Lake [Michigan (ACP, 1999 and Harrison, 1986)].  
In the Guntersville Reservoir and ponds filled with water and sediment from the 
Loxahatchee Wildlife Refuge, adsorption constants have been estimated to be 126 to 
>3,200 L/Kg for aging periods in excess of 1 day.  Furthermore, the adsorption constant 
appears to increase as aging time increases (Rodgers et al, 1992 and Winger et al, 1984).  
At field sites from the Loxahatchee Wildlife Refuge, similar estimated adsorption 
constants were noted (>300 L/Kg) after an aging period of 1 day or more (Winger et al, 
1985).  It is likely that copper will become more strongly adsorbed and less likely to be 
desorbed as the sediment ages. After adsorption occurs, the sorption sites are likely to 
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become less accessible to other metal cactions, hydronium cation or ammonium cation as 
the sediment ages. 
 
Copper normally tends to be at its highest concentrations in the top few centimeters of the 
sediment profile.  However, the highest concentrations of copper were generally found in 
water that was collected slightly below the water/sediment interface. This may partially 
explain why interstitial waters typically contain copper concentrations that are 
approximately 2- to 8-fold higher than the concentrations found in water 2.5 to 4 
centimeters above the sediment water interface (Glass, 1973 in Demayo et al, 1982 and 
Symmes, 1975 in Demayo et al, 1982). The concentration of copper in lake sediments 
also has a strong tendency (exponential increase with time) to migrate toward the upper 5 
cm of sediment, possibly by a bacterial mechanism (Cline and Upchurch, 1973 in 
Demayo et al, 1982) and even with continual sedimentation, copper is likely to remain 
concentrated in the upper strata of sediments (Chu et al, 1978 in Ecology, 1992).  For 
example, in the Fairmont Lakes, the concentration of copper in the upper 10 cm of the 
sediment profile is very high (150 to 500 ppm Cu) while concentrations in the deeper 
depths range from ~20 to 175 ppm Cu. However, concentrations of copper in sediment 
from Budd Lake (in the Fairmont Lake Chain) is highest (~1000 ppm Cu) between 15 
and 30 centimeters below the soil water interface, while the copper concentration at 
shallower (0 to 10 cm) and deeper depths (>30 cm) was never higher than ~500 ppm Cu 
(Hanson and Stefan, 1984).  Sanchez and Lee (1978) also found that copper from copper 
sulfate treatments peaked (650 ppm Cu) at about 60 centimeters in the sediment profile 
when surface sediments were typically much lower (250 ppm Cu).  In those cases where 
the concentration of copper at the soil water interface are much lower than at deeper 
depths, it is likely that the more highly contaminated lower sediments had been covered 
over by clean sediment transported from tributary sources that had either not been treated 
recently or had never been treated with copper sulfate. 
 
Soils that have been heavily limed or amended with high humus or organic matter 
concentrations make copper biologically less available since cupric copper is more likely 
to be in a complexed form under high pH conditions and is more likely to bind to organic 
matter after precipitation of the marginally soluble copper carbonates and copper 
hydroxides.  Apparently, high concentrations of phosphate, manganese or zinc will also 
lower the bioavailability of copper to terrestrial plants due to competition of the 
phosphate anion and metal cations with copper for transport sites on the plant roots.  
These are biological indicators, but they also infer that conditions of high pH and organic 
matter should decrease the mobility of copper on both soils and sediments [NAS (1977 in 
Demayo et al, 1982) and Lagerwerff et al (1977 in Demayo et al, 1982)].  
 
Copper is rapidly removed by plants and sediment.  The copper concentrations in water 
will reach a steady state in approximately 10 days in hard water and possibly as long as 
18 days in soft water. In field situations, over 80 % of the applied inorganic copper or 
commercial copper-complex (Komeen® or Cutrine®) will be removed from the water 
column by adsorption to algae, fungi and aquatic vascular plants in 1 or 2 weeks after 
treatment with various copper products.  As was discussed previously, copper may 
concentrate on sediments in the field at concentrations ranging from 100 to >1,000 fold 
higher than is found in the water phase. This can lead to copper concentrations in 
sediment that are from 8.0 to >5,000 ppm Cu.  The lower concentrations of copper in 
sediment are typically found in application sites with rapidly moving water (like 
irrigation canals) or application sites that are near to a main river channel as is found in 
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the Rosa Main Canal (Sunnyside, Washington) or in the Guntersville Reservoir [Alabama 
(1969 and Rodgers et al, 1992)].   
 
Mobility of copper within the water column may also be affected by the sorption of 
copper to algae, fungi and aquatic macrophytes. Various species of algae and aquatic 
vascular plants and fungi adsorb copper from the water column. For example, in 
freshwater systems, algae (particularly Chlorella regularis, Chlorococcus paris and 
Cladophora glomerata), macrophytes (particularly Potamogeton foliosus, P. pectinatus, 
Hydrilla verticillata, and Lemna valdiviana) and fungi (particularly Penicillium ochra-
chloron) bioaccumulate copper at concentrations that are 400- to 21,000-, 30- to 54,000- 
and more than 80-fold, respectively.  Use of these organisms may possibly be effective in 
mitigating the effects of high concentrations of copper sulfate that may be found when 
misapplication or wastewater processing causes high concentrations of copper to occur in 
a water body or wastewater effluent (Janus et al, 1989 in ACP, 1999; Hanson and Stefan, 
1984; Demayo et al, 1982 and Stokes and Lindsay, 1979).  However, as these organisms 
succumb, copper may be released into the water column where adsorption to other 
aquatic vegetation or adsorption to the sediment will again remove copper from the water 
column.  Nevertheless, the sediment is the ultimate sink for copper adsorption and after 
adsorption to sediment occurs, elemental copper will persist indefinitely in the sediment 
phase.  The residence time for elemental copper on typical sediments is estimated to be 
500,000 years and it will take this long for all of the copper to be removed and replaced 
by materials of other origin (Horne, 1969 in Ecology, 1992). 
 
Microorganisms do not degrade elemental copper.  However, the ligands from the 
commercial copper-complexes like Komeen® and K-Tea™ may be degraded by 
microbes.  For example, the EDA ligand from Komeen® is degraded primarily to humic 
substances (humic acid, fulvic acid and sediment humin) with 65% of the applied 14C] 
EDA associating with sediment within 30 days of application; only 8 % of the applied 
radiation was metabolized to carbon dioxide within 30 days of application (Spare, 
1996a). Sixty-four percent of the TEA ligand from K-Tea™ associates with the sediment 
within 30 days of application.  However, most of this TEA can be released as TEA or 
DEA by acid hydrolysis; and a very large amount (40% of the applied radiolabel) is 
mineralized to carbon dioxide (Spare, 1996b).  Only a small amount of the applied 
radiolabels remained in the water within 30 days of application; for Komeen®, the water 
associated residue was only 2 to 3% (possibly as Komeen®) of the applied dosage and 
for K-Tea™, the water associated residue was only 12% (primarily as [14C] MEA.  
Nevertheless, almost all of the elemental copper should remain associated with the 
sediment as organic ligands and clay mineral ligands under slightly acid conditions (pH 
3.5 to 5.0) or as marginally soluble inorganic ligands (copper hydroxides and copper 
carbonate), which precipitate out of solution or adsorb to the sediment under neutral to 
basic conditions [pH >6.5 to 8.5 (Demayo et al, 1982)].  Greater detail on the persistence 
of copper in sediment has been discussed in previous sections.  
 
Adsorption of copper to suspended sediment and algae (seston) is an important factor in 
removal of copper from the water column.  Usually a high level of seston increases the 
turbidity in the water.  Seston in irrigation canals like the Roza Main Canal (Washington) 
adsorbs very high concentrations of copper (220 to 6,246 ppm Cu) depending on where 
the seston was sampled.  High concentrations of copper were detected in seston collected 
0.5 miles below the application zone and lower concentrations of copper were detected in 
seston collected 23.2 miles below the applications zone (Nelson et al, 1969).  This may 
also account for the low levels of copper seen in the bottom sediment of the Roza Main 
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Canal, Friant-Kern Canal (California), Farmers Ditch Canal (Loveland, Colorado) and 
East 14.7 Lateral canal (Washington), which had typical copper concentrations that did 
not exceed ~50, ~100 and ~120 ppm Cu at the end of the last treatment season in the 
studies (EPA, 1985).  Soils that were irrigated with waters from these canals, usually had 
concentrations of copper that were less than 25 ppm Cu at the end of the treatment season 
but could be as high as ~90 ppm Cu in some cases.  Elemental copper did not accumulate 
on soil irrigated with treatment water, and it is estimated that the concentration of copper 
on these irrigated soils did not increase by more than 0.1 ppm Cu per season (Gangstad, 
1986). 
 
The copper concentrations in the sediment below slow moving water like that found in 
Lake Monona (Wisconsin), Fairmont Lakes (Minnesota), Steilacoom Lake (Washington) 
and Sylvia Lake (Washington) were typically much higher (~100 to >5,000 ppm Cu) than 
that found in irrigation canals and at treatment sites located near a main river channel.  
Seston and aquatic plants apparently play a lesser role in removing copper from the water 
in these slow moving water bodies.  Either there is not as much seston in these slow 
moving water bodies or it carries copper to the sediment from the water column as the 
seston (algae, fungi and suspended particles) or aquatic vascular plants settle to the 
bottom after succumbing to treatment.  This is not surprising since the concentration of 
copper on seston (primarily suspended sediment) is as high as 220 to 6,246 ppm Cu 
(Kdads 3,900 to 9,000 L/Kg) in irrigation canals and 70 to 3,600 ppm Cu (Kdads = 16,000 to 
48,000 L/Kg) in the effluent from electrical power stations. However, in lakes like Lake 
Monona the concentration of copper in the seston (particulate matter) was found to be 
very low, ranging from 0.0005 to 0.0025 ppm Cu (depending on the sampling depth), 1 to 
2 years after active treatment with copper sulfate had ceased.  The concentration of 
copper accumulation on seston (algae, fungi and suspended sediment) and in aquatic 
vascular plants is discussed in greater detail in earlier chapters of this document.  
 
As discussed previously in this section, elemental copper does not degrade but may be 
adsorbed onto sediment.  After it has adsorbed, elemental copper will remain in the 
sediment indefinitely and the residence time of elemental copper in sediment has been 
estimated as 500,000 years (Reinert and Rodgers, 1987 and Horne, 1969 in Ecology, 
1992).  Also as discussed previously, the ligands of Komeen® (EDA) and K-Tea™ 
(TEA) will be metabolized to degradates that associate with the sediment, including 
humic substances (65%) in the case of Komeen®.  In the case of K-Tea™, the majority 
of TEA is bound to the sediment as TEA and DEA (~64%).  Also, the commercial 
copper-complexes will be extensively mineralized to carbon dioxide with 8% of 14C-label 
from Komeen® and 40% of the14C-label from K-Tea™ being mineralized to carbon 
dioxide in 30 days (Spare, 1996a and 1996b).   

 
No studies that directly address the sediment mobility of copper in the field are available.  
However, as was discussed previously, copper from copper sulfate treatments may adsorb 
onto sediment at very high concentrations. For example, after treatment with copper 
sulfate, at rates ranging from 0.15 to 1.5 ppm (0.0375 to 0.375 ppm Cu), from 1921 to 
1964, copper adsorbed to the sediment of the Fairmont Lakes (Minnesota) at maximum 
concentrations of 170 to 5,600 ppm Cu (Hanson and Stefan, 1984).  High concentrations 
of copper sulfate have also been found in sediment after treating Lake Steilacoom for 25 
years at varying rates (typical use rates were 2.2 lb copper sulfate/acre-foot 0.82 ppm = 
0.205 ppm Cu).  The copper concentrations in Lake Steilacoom sediment were also quite 
variable and ranged between 180 and 1,100 ppm Cu.  The highest concentrations of 
copper in sediment were located near the Chambers Creek outlet (1,000 to 1,100 ppm Cu) 
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and the lowest sediment concentrations were located near the Clover Creek and Ponce de 
Leon Creek inlets (180 to 340 ppm Cu).  Washington sites that have had minimal or no 
treatment with copper sulfate like Black Lake and Sylvia Lake have much lower 
concentrations of copper in their sediment.  For example, Black Lake, which has rarely or 
never been treated with copper sulfate, has copper sediment concentrations (30 to 31 ppm 
Cu) that are typical of the background in lime reference lakes of Sweden (17 to 84 ppm 
Cu) that have never been treated with copper sulfate (Bennett and Cubbage, 1992 and 
Dave, 1992).    However, even Sylvia Lake, which has only received minimal treatment 
with copper sulfate at rates of up to 0.5 ppm Cu in the eastern two-thirds of the lake, has 
accumulated copper at concentrations ranging from 80 to 258 ppm Cu. The higher 
concentrations (258 ppm Cu) were detected in the portion of the lake that was directly 
treated with copper sulfate, while the lower concentrations (80 to106) ppm Cu) were seen 
only in portions of the lake that were exposed to copper sulfate due to transport (linear 
flow or advection) and lateral dispersion.  Even lakes like Lake Monona (Wisconsin), 
that were not treated for 2 years still had high concentrations of copper in the surface 
sediment (250 ppm Cu) and up to 650 ppm Cu in sediment at depth of ~60 centimeters.  
 
In systems where the water is moving rapidly, like sites located near a main river channel 
or in irrigation canals, the concentrations of copper in the sediment may be much lower.  
When Guntersville Reservoir was treated with Komeen® plus diquat  (0.4 plus 0.4 ppm 
Cu) near the main river channel, the copper concentration of sediment did not exceed 
~8.0 ppm Cu; this can be attributed to the rapid transport of Komeen® out of the 
treatment area due to rapid water flow (Rodgers et al, 1992).  Similar observations were 
seen with Cutrine® plus diquat plus invert emulsifier when it was applied to the 
perimeter canals of the Loxahatchee Wildlife Reserve at rates 6 plus 2 plus 1.5 
gallons/surface acre.  The highest sediment (detritus) concentrations of copper from this 
Cutrine® application were in quiet interior areas of LNWR (40 ppm Cu) while lower 
concentrations were found at the perimeter canal [27 ppm Cu (Winger et al, 1984)].  In 
various canals, where water was moving fairly rapidly, the concentrations of copper in 
sediment after a single slug or weekly copper sulfate treatment at typical use rate of 1 
lb/ft3-sec (~1.6 ppm Cu at 0.5 miles from the application site), ranged from 6.1 t 9.8 ppm 
Cu in the Roza Main Canal (Sunnyside Washington) to 40 to 48 ppm Cu at Friant-Kern 
Canal (California).  At sites where this treatment occurred daily (East 14.7 Lateral Canal, 
Washington), the concentration of copper in the sediment at the end of the treatment 
season ranged from 80 to 123 ppm Cu.  In sites where the treatment was more or less 
continuous during 3 treatment seasons (Farmers Ditch in Loveland, Colorado) at rates 
ranging from 0.05 to 0.5 ppm Cu, the concentrations of copper in sediment at the end of 
the third season ranged from 51 to 104 ppm Cu (EPA, 1985 and Gangstad, 1986).    
 
Concentrations of copper in sediment increase with treatment rate, duration of treatment 
and number of years of treatment and decrease with the water flow rate through the 
system. Furthermore, the residues of copper were relatively immobile, remaining in the 
upper (10 to 30 centimeters) sediment profile although minor detections of copper were 
made at the lower depths, probably due to upward migration resulting from bacterial 
mechanism (Chu et al, 1978 in Ecology, 1992 and Cline and Upchurch, 1973 in Demayo 
et al, 1982).  In most sediments, once adsorbed, the copper residue is bound with little or 
no vertical movement through the sediment layer or desorption back into the water 
column providing that conditions such as sediment type, redox potential, pH and water 
flow rate remain the same and no dredging or system turnovers occur.  However, Teggins 
and Slinn (1985) noted that sediments could be regarded as inefficient ion exchange 
materials for copper ions and ready regeneration of much of the adsorbed copper from 
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sediments under high salt conditions (0.2 M TRIEN plus 50,000 ppm potassium nitrate) 
suggests that, in the studied sediments, copper is in a relatively labile form.  Unless this 
adsorbed copper were to react with material such as sulfides or other inorganic or organic 
ligands to form insoluble compounds, adsorption by sediments of free copper ion in river 
or estuarine waters would not be expected to be a permanent process.  While adsorption 
of copper may not be a permanent process it is a long-term process with a very long but 
indefinite residence time.  It is apparent that copper will not typically be desorbed.  
However, copper that is sorbed to particles may be desorbed upon dilution in a water 
stream or upon a change in the kinds and quantities of organic material in the water.  
Copper may desorb extensively, in the absence of dissolved organic matter but when high 
levels of organic matter are found in the sediment, little desorption will occur.  Generally, 
insignificant amounts of copper were desorbed from particles (seston) and this may be 
attributed to the high affinity of copper for sediment particles.  The amount of desorption 
from particles would be expected to decrease with time because the sorption sites within 
the organic coatings and the crystalline matrix are less accessible (Harrison, 1986).  
Furthermore, Demayo et al (1982) has indicated that copper may be desorbed due to ion 
exchange where a cation from solution changes places with an adsorbed cation, 
solubilization of the matrix, or decomposition of the matrix occurs.  Decomposition may 
be an important mechanism for the release of metal sorbed by hydrous oxides of iron and 
manganese.  It is apparent that hydrolysis and the scouring effects of rapidly moving 
water may cause the gradual release of copper into a flowing stream (Nelson et al, 1969) 
and during a system overturn, dredging or the natural breakdown of the thermocline in 
the fall and/or spring, particularly if the bed-sediment consist of sandy soils with low 
levels of organic carbon and CEC and a high redox potential.  One would expect 
adsorption of elemental copper to be higher, and desorption and biological availability to 
be lower in soils and sediments with a high percentage of clay or silt and high levels of 
organic carbon and CEC, and a low redox potential (Wagemann and Barica, 1979 and 
Huggett et al, 1999). Copper is slowly released from the sediment over a long period of 
time. Therefore, it is likely to be rapidly dissipated by re-adsorption to sediment, 
adsorption to seston (suspended sediment and particles, algae, fungi and other microbes) 
or dissipation by dispersion or advection. 
 
Available data are insufficient to fully assess the environmental fate of copper sulfate and 
the commercial copper-complexes.  Furthermore, due to the lack of sufficient 
environmental fate data and the unpredictability of copper products in their efficacy 
against algae and aquatic vascular plants and their toxicity to fish and aquatic (free-
swimming and benthic) invertebrates, the effects of exposure on humans and nontarget 
organisms from the copper products is not entirely understood. The effects of copper 
products on aquatic plants, fish and aquatic invertebrates cannot be predicted from 
laboratory data.   Both surface and ground water have been monitored and concentrations 
of copper in these waters have generally been low.  For example, estimates of the 
dissolved and total recoverable metal from empirical models based on historical data on 
various water discharge receiving bodies may be found in various EPA technical 
guidance documents. Ecology has recently collected data on the concentrations of metals 
from rivers throughout the State of Washington (Pelletier, 1996).  Concentration of 
dissolved and total copper in Washington State river water between 1990 and 1994 
ranged from <0.00005 to 0.0033 and 0.0012 to 0.043 ppm Cu.  Although it is clear that 
these copper concentrations should be safe for use as potable water and for use in 
irrigation and watering livestock, it is not entirely clear if these concentrations will be 
safe to resident fish populations since the acute and chronic toxicity of inorganic copper 
are ~0.01 and <0.001 ppm Cu, respectively.  Without streamside testing of fish in these 
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waters, it can not be determined if the margin of safety is adequate to protect sensitive 
species. In some natural river systems (Sacramento River, California), fish-kills, possibly 
due to the effects of copper, occurred with some regularity and predictability during the 
1960s.  However, these effects were partially mitigated and the copper levels maintained 
below the level of acute toxicity by regulating the flow from Shasta Dam, and Spring 
Creek Debris Dam (Prokopovich, 1965 in Hazel and Meith, 1970).  Other data found in 
Ecology (1992) indicates that copper levels in the Pacific Northwest Basin average 0.009 
ppm Cu and range from 0.001 to 0.028 ppm Cu in river water and 0.0002 to 0.0013 ppm 
Cu in lake water.   In public water supplies, including ground water and potable reservoir 
water, it is unusual for the drinking water standard (1.0 ppm Cu) to be exceeded.  
However in 1969, the US Public Health Service issued a study on urban water supplies in 
the US. They found that 11 of the 969 water supplies studies contained copper 
concentrations above the drinking water standard (Ecology, 1992 cites US Department of 
Health, Education and Welfare, 1970).  In 1984 and 1985 the Washington State 
Department of Social and Health Services (1988) tested 13 sources of drinking water and 
none contained detectable concentrations of copper (<0.25 ppm Cu).  In the past, 
commercial copper products have been intentionally added to water at concentrations of 
0.059 ppm Cu in order to control algae (Klein et al, 1974 in Ecology, 1974).  These 
concentrations should be safe for human consumption and the irrigation and watering of 
livestock.  Although 0.059 ppm Cu will probably be safe to fish in hard water (~400 ppm 
CaCO3), high alkalinity, high pH (>8.0 to >9.0), sensitive species like salmonids (LC50= 
0.015 to 0.032 ppm Cu) may be adversely impacted by these concentrations in soft water 
(<50 ppm CaCO3), low alkalinity, low pH (6.3 to 7.8) lakes (Wagemann and Barica, 
1979 and Serdar, 1995). Furthermore, since EPA (1985) has found that copper adsorbs 
very strongly to sediment, they concluded that the potential for copper sulfates to 
contaminate ground water is very low. Also, on sediments with high levels of clay, silt 
and organic material, copper is not likely to be biologically available to aquatic animals 
except at very high sediment copper concentrations [LC50 for Hyalella azteca, 
Chironomus tentans and Ceriodaphnia dubia  = 262, 1026 and 32 ppm Cu, respectively 
(Suedel et al, 1996)].  Both Huggett et al, (1999) and Bennett and Cubbage, (1992) found 
that Daphnia magna, Ceriodaphnia dubia, Hyalella azteca, Hexagenia limbata, 
Chironomus tentans and Microtox® microbial test organisms can withstand sediment 
copper concentrations of 840 ppm Cu (pore water concentrations = 0.240 ppm Cu). 
However, higher sediment concentrations of ≥890 to 2,010 ppm Cu (pore water 
concentrations = >0.08 to 0.440 ppm Cu) may cause significant mortality in the more 
sensitive species.  In sandy sediment the toxicity of copper to the most sensitive sediment 
organisms (LC50 for Hyalella azteca = 15.9 ppm Cu) may be fairly high (Deaver and 
Rodgers, 1996 in Huggett et al, 1999).  Therefore, EPA (1985) does not require a surface 
or ground water advisory and water treated with copper compounds for the control of 
algae or aquatic vascular plants may be used without restriction for drinking, swimming 
or fishing providing that the copper concentration does not exceed the drinking water 
standard [1.0 ppm Cu (EPA, 1985 and Ecology, 1992)]. Also, since copper binds nearly 
irreversibly to soil/sediment, it is not likely leach into the ground water. 
 
 It is possible, although unlikely, that wells drilled very close to a pond or lake shore 
could draw water directly from a water body so rapidly that any copper present in the 
lake would not have a chance to be diluted, or adsorbed to soil/sediment, algae, fungi, 
other microbes or aquatic weeds. Much would depend on the treatment rate of copper in 
the water body, the soil type and porosity, the depth of the ground water table, the 
frequency and volume of pumping, and other hydrological parameters.  Under a worst 
case scenario of a sand/gravel sediment with little or no clay or silt and low organic 
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matter content and CEC, that copper would not adsorb and be inactivated and could, with 
a very heavy and continuous pumping of water, contaminate the ground water.  However, 
only 1% (11 sample in 969 samples) of the urban water supply systems contained copper 
concentrations that exceeded the drinking water standard (1.0 ppm Cu). 
 
Many lake bottoms have fluffy, light (flocculent) sediments rather than a solid surface, 
particularly more eutrophic lake bottoms, with large amounts of decaying organic 
material (detritus). The much larger amount of particle surface in these flocculent 
sediments greatly increases the likelihood of copper or other herbicide adsorption 
compared with firm-surfaced sediment.  However, organic matter itself may participate in 
a major or minor way in copper adsorption, depending on whether the organic matter 
contributes adsorption sites in particles coated with organic matter or masks adsorption 
sites contributed by clay minerals or hydrous iron oxides.  Copper is most likely to sorb 
onto silty-clay-loams or other soil/sediments, which contain high percentages of organic 
matter, hydrous iron oxides or clay minerals.  However, most review articles contain 
statements similar to that found in the EPA (1985) and indicate that copper adsorbs 
strongly to sediment, including those sediments that contain high concentrations of 
manganese oxides, organic matter (humic substances), hydrous iron oxides, 
aminosilicates and clay (Demayo et al, 1982 and ACP, 1999).  ACP (1999), Hanson and 
Stefan (1984), Demayo et al (1982) and Stokes and Lindsay (1979) indicate that copper 
may be adsorbed and removed from the water column by various species of algae, fungi 
and aquatic macrophytes but if these organisms are to be used for remediation of high 
copper concentrations, organisms that do not succumb to long term exposure to elemental 
copper must be used, or the dead and dying organisms must be removed from the water 
before they start to decay and release both toxic copper and inorganic nutrients into the 
water.  
 

3.7.2 Ground Water and Surface Water 

Release of copper from the sediment of treated water bodies is not likely to occur unless 
there is a major change in the soil characteristics and/or the water quality.  However, it is 
anticipated that copper could be released from the sediment into the water column if there 
is a major decrease in the organic matter, hydrous iron oxide or clay mineral content 
(ACP, 1999 and Harrison, 1986).  Copper could also be released from the sediment if 
redox potential decreases substantially or a decrease in the pH below 5.0 occurs.  
Demayo et al (1982) indicate that copper may precipitate out of solution and bind to 
sediment if a high copper-complexing capacity exists due to the presence of hydroxide, 
carbonate, phosphate, sulfates, sulfides, cyanide, amino acids, poly-peptides, amino 
sugars urea, or humic substances, providing that the pH and alkalinity are appropriate for 
these reactions to take place.  These factors are very complex.  However, at pH 2.7 to 3.5, 
the complexing capacity of water is essentially zero.  As described before, at pHs below 
5, copper may not adsorb to sediment since hydronium ions may compete effectively 
with copper cations for the binding sites on soil and sediment.  At pHs between 5 and 6, 
the sorption of copper onto sediment that contains hydrous metal oxides increases 
dramatically and as the pH approaches 7, most of the metal will precipitate onto clay 
minerals. Furthermore, the formation stable cationic complexes may prevent the 
precipitation of less soluble hydroxy species, which become associated with clay under 
alkaline conditions.  Demayo et al (1982), Teggins and Slinn (1979) and Nelson et al 
(1969) also indicate that copper may be released from the matrix (sediments or soils) if 
ion exchange with other cations occurs, solubilization of the matrix occurs, 
decomposition of the matrix occurs, or hydrolysis of the sediment/soil bound copper-
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complexes occurs.  Copper is less likely to bind to sediment and more likely to desorb 
from sediment when sediment/soil particles are in a stream of water and there is a low 
concentration of dissolved organic matter in the water and in the sediment.  In the 
absence of rapidly flowing water or a high concentration of cations (e.g., Ca2+, Mg2+, K+, 
NH4

+), hydrolysis and cation exchange of copper from the sediment to the water is 
normally not extensive, due to the high affinity of copper for the sediment particles.  
Furthermore, the amount of desorption from particles would be expected to decrease with 
time because sites within the organic matter coatings and the crystalline matrix of the 
particles become less accessible (Harrison, 1986).   Copper desorption and release to 
ground water is not a frequent occurrence.  Less than 1%  (11 out of 969 sites) of the 
urban water sources monitored in 1969 contained copper concentrations that were higher 
than the drinking water standard [1.0 ppm Cu (Ecology, 1992 cites US Department of 
Health Education and Welfare, 1970)]. Furthermore, based on the available data, which 
indicate copper is strongly adsorbed to sediment, copper products (particularly copper 
sulfate) should have a low potential to contaminate ground water (EPA, 1985).  
Washington State has monitored the concentration of copper in important rivers and lakes 
in the state (Table 3.7.2).  During the 1960s and 1970s, the mean concentration of copper 
in Pacific Northwest Basin rivers and lakes was 0.009 ppm Cu and ranged from 0.001 to 
0.037 ppm Cu.  The highest average concentration of copper seen in Washington State 
rivers in the 1960s and 1970s was 0.014 ppm Cu, with a range of 0.001 to 0.028 ppm Cu; 
and the highest concentration of copper seen in Washington State lakes during this time 
period was 0.0013 ppm Cu in Roosevelt Lake (Okanogan Co.)  During the 1960s and 
1970s, the concentrations of copper found in Washington State Rivers was somewhat 
higher (0.001 to 0.028 ppm Cu); and the highest concentrations could potentially have 
adverse short-term impact since the acute toxicity for the most sensitive species (LC50 = 
0.015 to 0.032 ppm Cu for salmonids) in soft water would either be toxic or not provide a 
sufficient margin of safety to protect fish (Serdar, 1995).  Rainbow trout can tolerate 
0.025 to 0.04 ppm Cu in hard water lakes. Therefore, since these concentrations are not 
expected to be acutely toxic to salmonids under these condition, the highest 
concentrations of copper in Washington State during the 1960s and 1970s should be safe 
to salmonids under hard water conditions.  The most sensitive species of fish (rainbow 
trout) are effected by chronic exposure to inorganic copper salts at concentrations of 
<0.001 ppm Cu. Therefore, it is unlikely that salmonids would have been affected by 
Washington lake waters during the 1960s and 1970s. However, the highest 
concentrations of copper (0.028 ppm Cu) in Washington river waters may have chronic 
impact on salmonids and other sensitive species since the NOEC and MATC are typically 
less than ~0.03 ppm Cu for most tested species of fish including suckers (Catostomus sp. 
and Castonomus sp.), channel catfish, bluegill sunfish, bluntnosed minnow, fathead 
minnows, Chinook salmon, Coho salmon, rainbow trout, brown trout, Atlantic salmon, 
Eastern brook trout and lake trout, providing that the exposure period to these 
concentrations is long enough to produce typical chronic effects.  More recent studies 
(1990 to 1995) conducted by Pelletier (1996) found total copper concentrations in 
Washington State river water ranging from <0.001 to 0.043 ppm Cu.  These 
concentrations of copper may be high enough to cause adverse acute and chronic impact 
in soft water but probably not in hard water.  However, it is unclear if short-term and 
long-term field exposures to copper at concentrations typically found in these rives would 
have an adverse impact on native fish species because it is difficult to predict the field 
toxicity of copper (particularly in flowing waters) from the results of laboratory toxicity 
tests.  Stream side tests would have to be conducted with river and lake water to 
determine if typical concentrations of copper from treatment with copper sulfate or 
commercial copper-complexes is likely to have adverse impact in the field.  Nevertheless, 
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Biesinger and Christensen (1972) and Demayo et al (1982) have indicated that 
concentrations of copper would have to be less than 0.0095 to 0.046 ppm to provide a 
sufficient safety margin for short-term and long-term fish survival but that short-term 
survival would be possible in waters with a high apparent copper chelation capacity if the 
concentrations of copper were as high as 1.1 to 1.7 ppm Cu.  However, Gangstad (1986) 
has shown that a variety of sensitive fish and invertebrates, continuously exposed to 
copper sulfate concentrations as high as 0.2 ppm Cu in irrigation canals for several 
months, were in good condition at the end of the treatment season.  

The most likely routes for contamination are spills during mixing of application solutions 
at well heads, illegal dumping, surface water runoff from treated fields, and movement 
down through the soils of heavily treated agricultural land.  With the exception of 
contamination by spills or illegal dumping, none these routes of ground water 
contamination is likely, since copper adsorbs strongly to soil and sediment and is unlikely 
to be released from soil, especially under the conditions of very heavy liming (Demayo et 
al, 1982). However, the heavy use of fertilizers containing high concentrations of cations 
like NH4

+, Ca2+, Mg2+, and perhaps Fe2+, Zn2, or K+ may cause a release of copper due to 
cation exchange, particularly if the pH is low.  With respect to ground water movement, 
the difference between terrestrial and aquatic weed control uses of copper is that lakes 
provide, in essence, an isolated incubator in which copper can be slowly released from 
the sediment and dissipated through various physical processes including cation 
exchange, acidification, hydrolysis, turnovers due to the breakdown of the thermocline, 
solubilization or decomposition of the matrix, decreases in the amount of dissolved or 
sediment associated organic matter, and the actions of a rapidly moving stream of water 
(Demayo et al, 1982; Teggins and Slinn, 1985; Nelson et al, 1969; Sanchez and Lee, 
1978 and Harrison, 1986).  Furthermore, Demayo et al indicted that the action of 
microorganisms and benthic organisms under aerobic or anaerobic conditions might lead 
to significant movement of metals from sediments into water since the action of these 
organisms has a tendency to decrease the pH at the soil water interface and in overlying 
water.  Copper (and nickel) may increase in concentration from 0.15 to 0.85 ppm and the 
pH dropped from 6.5 to 4.0 in 28 days in water overlying lake sediments in “live” 
laboratory aerobic systems but under anaerobic conditions, the amount of copper released 
to the water column increased and the pH decreased only slightly (Demayo et al, 1982).  
 
The data reviewed in this document indicates that copper is immobile in all 
environmentally relevant sediments.  In general, if the concentrations of metal, 
hydroxides (particularly hydrous manganese oxide and hydrous iron oxide), organic 
matter, aminosilicates and clay with high cation exchange capacity is high, the more 
likely copper is to adsorb to soil particles and hence, the less mobile it will be.  This is 
particularly so at pHs between 5 and 6.  As the pH of the soil increases to about 7, most 
of the metal will be precipitated and adsorbed.  However, even the negligibly soluble 
hydroxy and carbonate copper species may be precipitated and become associated with 
clay under alkaline conditions unless they are stabilized by the formation of cation 
complexes (ACP, 1999 and Demayo et al, 1982). The presence of high levels of clay, 
organic matter and cation exchange capacity, in laboratory experiments, may increase the 
rate at which dissolved copper is removed from the water column.  However, the 
concentration of copper in the water column at equilibrium after treatment with copper 
sulfate or Cutrine® may not be much different when sandy soils with low organic matter 
and low CEC are present (Masuda and Boyd, 1983).  In the field, calcareous lakes with 
sandy bed-sediment removed copper from the water column much more slowly than 
lakes with heavy clay bed-sediment (Wagemann and Barica, 1979). Copper has a very 
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long residence time in aquatic systems and usually has fairly high concentrations of 
copper (>100 to >1000 ppm Cu) at the surface sediment (10 to 30 centimeters), as a result 
of extensive sorption (Bennett and Cubbage, 1992; Serdar, 1995; Hanson and Stefan, 
1984, Sanchez and Lee, 1978 and Ecology, 1992). High levels of copper may persist on 
sediment for an indefinite period of time, and concentrations of copper on surface 
sediment have been as high as 250 ppm Cu in Lake Monona (Wisconsin) 2 years after 
treatment with copper sulfate and have been high in the Fairmont Lakes (Minnesota) 
even after dredging (162 to 919 ppm Cu) when copper sulfate treatment continued for 2 
to 8 years after dredging (Sanchez and Lee, 1978 and Hanson and Stefan, 1984). Even 
these high levels of copper are strongly bound.  Therefore, very little copper would be 
available for movement either downward through the sediment or laterally into the soil 
surrounding the lake through subsurface water movement. Such movement would cause 
further dilution of the pesticide through continuing low-level adsorption to the soil that it 
moves through. A massive application to a small water body could result in movements 
of higher concentrations of copper into surrounding soil/sediment before it had time to be 
transported out of the treatment area by water movements, causing advection or 
dispersion. 
 
Elemental copper does not degrade. Therefore, no data were located relating to mobility 
of copper degradates.  However, as discussed before, the commercial copper-complexes 
like Komeen® and K-Tea™ become rapidly associated with the sediment and after 30 
days, approximately 65% of the applied [14C] label from the Cu-EDA complex 
(Komeen®) and Cu-TEA (K-Tea™) is bound to the sediment.  With Komeen®, almost 
all of the EDA (65%) is degraded to humic acid, fulvic acid and sediment while 8% of 
the EDA was mineralized to carbon dioxide and only 2% of the applied [14C] residues 
remained in the water (Spare, 1996a).  With K-Tea™, a large amount (40%) of the 
radiolabel from TEA is mineralized to carbon dioxide within 30 days, and the remainder 
(~64%) is sorbed to the sediment but can be removed as TEA and DEA by acid 
hydrolysis (Spare, 1996b).  It is likely that microbes including bacteria and fungi degrade 
the ligands of Komeen® and K-Tea™ releasing free copper that remains adsorbed in the 
sediment.  However, in both aerobic and anaerobic conditions (but particularly in 
aerobic) it can be expected that significant releases of elemental copper from the 
sediment to the water column occur and the sediment water interface and overlying water 
is acidified by the biological processes of the resident microbes (Demayo, et al, 1982). 
EDA mineralized to humic substances will not be toxic to fish or aquatic invertebrates; 
humic substances protect aquatic organisms from the toxic effects of copper by 
complexing with copper and precipitating it out onto sediment, particularly under acid to 
neutral conditions (Spare, 1997a).  It is not clear if DEA and MEA produced from the 
degradation of the K-Tea™ ligand (TEA) will have any toxicological significance, but 
the bulk of these chemicals (TEA, DEA and MEA) will remain bound to sediment, and 
12% will be dissolved in the water after 30 days of dissipation (Spare, 1996b).  

Elemental copper is essentially immobile in various sediment and soil substrates unless 
bacteria, benthic organism or human activity (fertilizing, acidification, dredging, 
increasing the water flow rate, decreasing soil/sediment and dissolved organic matter 
concentration and decreasing soil/sediment clay, silt or increasing sand concentration). 
Therefore, the leaching potential of copper and its potential impact on ground water when 
used for aquatic plant control is significantly reduced due to its strong sorption to 
sediment and soil. Liming and amendment of water or sediment with organic material, 
clay or silt is likely to increase the tendency of copper to sorb to sediment or soil.  
However, use of fertilizers that can effectively participate in cation exchange with 
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copper, dredging, changing the water flow rate, removing organic matter, solubilizing or 
decomposing the sediment, or adding sand to the soil/sediment are likely to decrease the 
adsorption of free copper to the matrix. Although very unlikely, equilibrium shifts that 
could release copper from the bound state and cause it to be reactivated and possibly 
leach cannot be ruled out, particularly if the pH, hardness, alkalinity, amount and type of 
bed-sediment and suspended sediment, water flow or the apparent copper-complexing 
capacity is decreased due the action of microbes, benthic organisms or human activity 
(Demayo et al, 1982; Harrison, 1986; Nelson et al, 1969 and Teggins and Slinn, 1985).  
While a release of bound elemental copper cannot be ruled out, the EPA (1985) has noted 
that due to the strong adsorption of elemental copper to sediment, it is unlikely that bound 
copper would contaminate ground water.  However, releases of copper from sediment 
into the water column may occur, and high concentrations of copper particularly on sandy 
sediment is known to be toxic to sensitive benthic organisms and sensitive bacteria and 
copper in sediment can also deactivate exogenous bacterial enzymes in sediment and pore 
water that may be important to the maintenance of the health of the water body (Bennett 
and Cubbage, et al, 1992).  

There has been very little work done on the impact of copper on surface waters, but after 
treatment of the Guntersville Reservoir (Alabama) with 0.4 ppm Komeen® and 0.4 ppm 
diquat, copper was not detected at concentrations higher than ~0.05 ppm Cu in raw and 
finished water at 7 water treatment plants that service this reservoir (Rodgers et al, 1992).  
When copper was detected at concentrations as high as 0.075 to 0.3 ppm in raw waters 
and up to 0.075 ppm in finished water, these copper concentrations were believed to be 
due to matrix interferences or natural copper deposits released from sediments due to 
wind or wave action associated with weather fronts or leaching of copper from the 
plumbing within the treatment plants.  This was believed to be the explanation of why 
copper appeared in significant concentrations in raw and finished water at 2 wastewater 
treatment plants, since these plants were located more than 30 miles from the treatment 
site (Rodgers et al, 1992). It is a rare event when the copper concentrations in treated 
water exceed the drinking/irrigation and livestock watering standard of 1.0 ppm Cu; but 
this is to be expected since, the application of commercial copper products at 
concentrations higher than 1.0 ppm Cu for the control of algae and aquatic vascular 
plants is prohibited by the commercial labels.  A set back distance of 400 feet from water 
intake valves and outlet streams is often required.  Furthermore, treatments of two-thirds 
of Sylvia Lake at rates of 0.5 ppm Cu caused concentrations of copper in the outlet 
stream to rise to 0.0095 to 0.052 and 0.0035 to 0.039 ppm Cu) for 2 and 4 days, 
respectively, for an indeterminate distance downstream.  These concentrations do not 
provide a sufficient margin of safety at levels where toxicity is expected to occur (e.g. 
LC50 = 0.015 to 0.032 ppm Cu on sensitive salmonids).  These concentrations occurred 
in the outlet stream even though the treatment of Sylvia Lake provided a 400 foot setback 
from the upper outlet stream (Serdar, 1995). If this setback distance is not attainable, it 
may be necessary to wait for 10 or more days before releasing water to the outlet stream 
or using it in fish farm operations since the concentration of copper in the main body of 
the lake and in the outlet stream may be ~0.020 ppm for 10 days after treatment of a soft 
water (<50 ppm CaCO3), low alkalinity lake with neutral to slightly acid pH (6.3 to 7.8) 
lake with copper sulfate. Even 18 days after treatment, with copper sulfate the 
concentrations of copper sulfate in the water column of the main lake and the outlet 
stream could be as high as 0.011 to 0.012 ppm Cu. Somewhat different values were 
reported by Wagemann and Barica (1979) and Whitaker et al (1979) who found that the 
concentrations of copper in the water of calcareous lakes in Southern Manitoba (Canada) 
treated with 0.040, 0.13, 0.14, 0.250, 0.350 and 0.510 ppm Cu fell to pre-treatment levels 
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in about 10 days after treatment.  However, equilibrium concentrations of copper (0.0038 
to 0.0089 ppm Cu), which would not be anticipated to be acutely toxic to rainbow trout, 
only occurred after treatment with 0.048 to 0.140 ppm Cu as copper sulfate.  However, 
while the copper concentrations of 0.130 to 0.140 ppm Cu are not likely to be acutely 
toxic to salmonids in hard water, high alkalinity, high pH (8.0 to 9.4) lakes, Majewski et 
al (1978) reported that copper sulfate treatments at rates as low as 0.125 ppm Cu may 
inhibit the growth of rainbow trout due to an accumulation of elemental copper in the 
liver. However, these treatments are not anticipated to cause increases of copper in the 
edible muscle tissue of rainbow trout or channel catfish that would be high enough to 
have an impact on human health (Majewski et al, 1978 and Griffin et al, 1997). 



 
Table 3.7.1: Copper Acid Adsorption/Desorption Constants 

 
Soil/sediment type Water 

type 
% 

organic 
carbon 

CEC  
(meq/g) 

pH % 
Clay 

% 
Silt 

% 
Sand 

% 
Gravel 

Product Kdads
1 

(L/Kg) 
Kocads 
(L/Kg) 

Reference 

Freshwater and 
Estuarine2  

NR3 NR NR NR NR NR NR NR Inorganic 
Copper salts 

NR 8 x 104 to 4.63 
x106 

ACP, 1999 

Freshwater2 NR NR NR NR NR NR NR NR Inorganic 
Copper salts 

1,000-
5,000 

NR Harrison et al, 
1983 in 

Harrion,1986 
Intact Marine 

Sediment 
from San Onofre 

(California)2 

NR NR NR NR NR NR NR NR Inorganic 
Copper Salts 

50-400 NR Harrison et al, 
1983 in 

Harrion,1986 

Intact Marine 
Sediment 

from Diablo Canyon 
(California)2 

NR NR NR NR NR NR NR NR Inorganic 
Copper Salts 

50-570 NR Harrison et al, 
1983 in 

Harrion,1986 

Estuarine  
from Surry (UK)2 NR NR NR NR NR NR NR NR Inorganic 

Copper Salts 
3,800-
48,000 

NR Harrison et al, 
1983 in 

Harrion,1986 
Estuarine 

from Salem (UK)2 NR NR NR NR NR NR NR NR Inorganic 
Copper Salts 

250-33,000 NR Harrison et al, 
1983 in 

Harrion,1986 
Carnegie Lake 
(New York)2 NR 7.7 0.515 4.4 NR NR NR NR Copper sulfate 9504 12,337* Riemer and 

Toth, 1970 in 
EPA, 1985 

Schaedel Pond  
(Pennsylvania)2 NR 1.3 0.068 6.9 NR NR NR NR Copper sulfate 9674 74,384* Riemer and 

Toth, 1970 in 
EPA, 1985 

Adelphia Pond  
(Pennsylvania)2 NR 0.58 0.035 5.9 NR NR NR NR Copper sulfate 3304 56,896* Riemer and 

Toth, 1970 in 
EPA, 1985 
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Table 3.7.1: Copper Acid Adsorption/Desorption Constants (continued) 

Soil/sediment type Water 
type 

% 
organic 
carbon 

CEC  
(meq/g) 

pH % 
Clay 

% 
Silt 

% 
Sand 

% 
Gravel 

Product Kdads
1 

(L/Kg) 
Kocads 
(L/Kg) 

Reference 

Sediment down 
stream from a copper 
smelter diluted with 
artificial sediment2 

PH  
6.7-7.8 
alkalinity  
34-56 
ppm 
hardness 
8-120 
Overlying 

5.5 0.0391 6.6 0 80 20 NR Copper sulfate 
pentahydrate 

>>10005 >>18,000* Suedel et al 
1996 

Sediment down 
stream from a copper 
smelter diluted with 
artificial sediment2 

PH  
6.7-7.8 
alkalinity  
34-56 
ppm 
hardness 
8-120 
pore water 

5.5 0.0391 6.6 0 80 20 NR Copper sulfate 
pentahydrate 

>>10005 >>18,000* Suedel et al 
1996 

Manganese oxide2 pH 7 
water 

0 NR NR NR NR NR NR Inorganic 
copper salts 

6,300 NA9 Roper, 1990 in 
ACP, 1999 

Humic material2 pH 7 
water 

~58 NR NR NR NR NR NR Inorganic 
copper salts 

2,500 4,310* Roper, 1990 in 
ACP, 1999 

Iron oxide2 pH 7 
water 

0 NR NR NR NR NR NR Inorganic 
copper salts 

1,300 NA Roper, 1990 in 
ACP, 1999 

Lake Steilacoom6  Pore water 7.2-14.0 NR 6.3-
6.5 

20-36 32-57 18-36 0 Copper sulfate 2,000-
3,5004 

14,000-
49,000* 

Bennett and 
Cubbage, 1992 

Black Lake 

(Washington)6 
Pore water 7.8 NR 6.3 10 57 33 0 Rarely or 

never treated 
2,1814 28,000* Bennett and 

Cubbage, 1992 

Sylvia Lake 
(Washington)6 

Over-
lying 
water 

NR NR NR NR NR NR NR Pretreatment 31,000-
34,0004 

NR Serdar, 1995 
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Table 3.7.1: Copper Acid Adsorption/Desorption Constants (continued) 
 

Soil/sediment type Water 
type 

% 
organic 
carbon 

CEC  
(meq/g) 

pH % 
Clay 

% 
Silt 

% 
Sand 

% 
Gravel 

Product Kdads
1 

(L/Kg) 
Kocads 
(L/Kg) 

Reference 

Sylvia Lake 
(Washington)6 

Overlying 
Water 

PH 
6.7-7.6 

NR NR NR NR NR NR NR Copper sulfate 6,700-
20,0004 

NR Serdar, 1995 

Roza Main Canal 
(Sunnyside, 

Washington)6 

Suspended sediment 
0.5 miles below 
treatment site 

 

Overlying 
water  

pH  
7.0-7.3 

alkalinity 
90-100 

ppm 

NR NR NR NR NR NR NR Copper sulfate 3,9004 NR Nelson et al, 
1969 

Roza Main Canal 
(Sunnyside, 

Washington)6 

Suspended sediment 

5.9 miles below 
treatment site 

 

Overlying 
water  

pH  
7.0-7.3 

alkalinity 
90-100 

ppm 

NR NR NR NR NR NR NR Copper sulfate 7,2004 NR Nelson et al, 
1969 

Roza Main Canal 
(Sunnyside, 

Washington)6 

Suspended sediment 

11.5 miles below 
treatment site 

 

Overlying 
water  

pH  
7.0-7.3 

alkalinity 
90-100 

ppm 

NR NR NR NR NR NR NR Copper sulfate 9,0004 NR Nelson et al, 
1969 
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Table 3.7.1: Copper Acid Adsorption/Desorption Constants (continued) 
 

Soil/sediment type Water 
type 

% 
organic 
carbon 

CEC  
(meq/g) 

pH % 
Clay 

% 
Silt 

% 
Sand 

% 
Gravel 

Product Kdads
1 

(L/Kg) 
Kocads 
(L/Kg) 

Reference 

Roza Main Canal 
(Sunnyside, 

Washington)6 

Suspended sediment 

23.2 miles below 
treatment site 

 

Overlying 
water  

pH  
7.0-7.3 

alkalinity 
90-100 

ppm 

NR NR NR NR NR NR NR Copper sulfate 5,8004 NR Nelson et al, 
1969 

East 14.7 Lateral 
Canal 

(Washington)6 

Bottom Sediment 
 

Overlying 
water 
pH 
7.8 

hardness, 
137 ppm 

NR NR NR NR NR NR NR Pretreatment 333-1,1654 NR Deuber and 
Demoranville, 
1979 in EPA, 

1985 

Arlington Ship Canal6 

(Mobile, Alabama) 
Estuarine 
overlying 

water 

NR NR NR NR NR NR NR Inorganic 
copper 

16,500-
49,0004 

NR  ACP, 1999 

Ashtabula Harbor6 

(Ohio) 
 

Fresh-
water 

NR NR NR NR NR NR NR Inorganic 
Copper 

24,000-
310,0004 

NR  ACP, 1999 

Bridgeport Harbor6 
(Connecticut) 

Marine/ 
Estuarine 

NR NR NR NR NR NR NR Inorganic 
Copper 

25,000-
570,0004 

NR  ACP, 1999 

Houston Lake6 

(Michigan) 
Fresh-
water 

Interstitial 
water 

NR NR NR NR NR NR NR Inorganic 
Copper 

90,000-
270,0004 

NR Harrison, 1986 
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Table 3.7.1: Copper Acid Adsorption/Desorption Constants (continued) 
 

Soil/sediment type Water 
type 

% 
organic 
carbon 

CEC  
(meq/g) 

pH % 
Clay 

% 
Silt 

% 
Sand 

% 
Gravel 

Product Kdads
1 

(L/Kg) 
Kocads 
(L/Kg) 

Reference 

Guntersville 
Reservoir6 

(Alabama) 

Fresh-
water pH 
7.7-8.6 

NR NR NR NR NR NR NR Komeen® 
After 

Treatment 
Pre-Treatment 

6-hour 
21-hour 
2- days 
8-days 
15-days 
29-days 

 
 
 

4004 

 
414 
3964 
2934 

10244 
15204 

>3,2004 

NR Rodgers, 1992 

Pond in Southern 
(Florida)6 

Sediment (Detritus) 
and Water from 

Loxahatchee Wildlife 
Refuge  

(Florida) 

Fresh-
water 

 

NR NR NR NR NR NR NR Komeen® 
After 

Treatment 
0-hour 
1-hour 

24-hour 
1-week 
2-weeks 

 

 
 
 

2004 
154 
1264 
3634 

8,8504 

NR Winger et al, 
1984 

Laboratory Aerobic 
Aquatic Study 

Fresh-
water 

1.16 NR NR NR NR NR NR Komeen® 634 5,400* Spare, 1996a 

Laboratory Aerobic 
Aquatic Study 

Fresh-
water 

1.16 NR NR NR NR NR NR K-Tea™ 114 948* Spare, 1996a 
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Table 3.7.1: Copper Acid Adsorption/Desorption Constants (continued) 
 

Soil/sediment type Water 
type 

% 
organic 
carbon 

CEC  
(meq/g) 

pH % 
Clay 

% 
Silt 

% 
Sand 

% 
Gravel 

Product Kdads
1 

(L/Kg) 
Kocads 
(L/Kg) 

Reference 

Sediment (Detritus) 
and Water from 

Loxahatchee Wildlife 
Refuge6 

Florida 

Fresh-
water 

NR NR NR NR NR NR NR Cutrine® 
After 

Treatment 
0-hour 
1-hour 

24-hour 
1-week 

 
 
 

6464 
514 
3154 
3754 

NR Winger et al, 
1984 

Effluent from Various 
Power Plants6 

Suspended (Non-
filterable particles) 

Fresh-
water 

 
 
 

0.00019 
 

0.00011 
 

0.00011 
0.00005 

NR NR NR NR NR NR Inorganic 
copper 

at  
Fort St. Vrain, 

H.B. 
Robinson, 
Kewaunee, 
Vermont 
Yankee 

 

 
 
 

36,000 
 

25,000 
 

46,000 
61,000 

 
 

 
 
 
190,000,000* 
 
230,000,000* 
 
420,000,000* 
1,220,000,000* 

Harrison, 
1985 

Effluent from Various 
Power Plants6 

Suspended (Non-
filterable particles) 

Estuarine 
water 

 
 
 
0.00028 
0.00021 

NR NR NR NR NR NR Inorganic 
copper 

at  
Salem 
Surry 

 

 
 
 

17,000 
16,000 

 
 
 

61,000,000* 
76,000,000* 

Harrison, 
1985 
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Table 3.7.1: Copper Acid Adsorption/Desorption Constants (continued) 
 

Soil/sediment type Water 
type 

% 
organic 
carbon 

CEC  
(meq/g) 

pH % 
Clay 

% 
Silt 

% 
Sand 

% 
Gravel 

Product Kdads
1 

(L/Kg) 
Kocads 
(L/Kg) 

Reference 

Effluent from Various 
Power Plants6 

Suspended (Non-
filterable particles) 

Marine 
water 

 
 

0.00005 
0.00006 

NR NR NR NR NR NR Inorganic 
copper 
Diablo 

Canyon, 
San Onofre 

 
 

48,000 
 

45,000 

 
 

960,000,000* 
 

750,000,000* 

Harrison, 1985 

Lake Manona6 

(Wisconsin) 
Fresh-
water 

NR NR NR NR NR NR NR Copper sulfate 
But last 

treatment was 
2-years before 
measurement 

2,2004,7-
6,6004,8 

NR Sanchez and 
Lee, 1978 

 
*Koc values calculated by this reviewer using the equation Koc = (Kd / % organic carbon) x 100. See text. 
1 ads = adsorption,   des = desorption. 
2 Laboratory test. 
3  NR = data not reported. 
4 Kdads calculated from (concentration in sediment)/(concentration in water). 
5 Freundlich isotherm where Kdads = (-y-Intercept/slope). 
6 Field data. 
7  Calculated assuming water concentration of 0.0038 ppm Cu and soil concentrations of 250 ppm. 
8 Calculated assuming water concentration of 0.1148 ppm Cu and soil concentrations of 250 ppm. 
9  NA = not applicable.  No organic carbon present. 
 
 
 
 
 
 
 



 

Table 3.7.2: Concentrations of Copper detected in Rivers, Lakes and Urban Water supplies in Washington State and the United States 
 

Concentration of Copper Detected (ppm) 
Mean [Range) 

Site Year Detected 

Dissolved Copper Total Copper 

Reference 

Columbia River,  
Washington 

1990 0.000841 

[0.00076-0.00094]2 
0.001431 

[0.0012-0.0018]2 
Pelletier, 1996 

Gibbons Creek,  
Washington 

1994-1995 0.001291,3 

[0.00035-0.0035] 
NR4 Pelletier, 1996 

Green River,  
Auburn, Washington 

1992-1993 0.00045 
[0.00023-0.00076] 

0.00245 
[0.00044-0.014] 

Pelletier, 1996 

Green River,  
Tukwila, Washington 

1992-1993 0.00096 
[0.000413-0.00193] 

0.00163 
[0.000772-0.0036] 

Pelletier, 1996 

Puyallup River,  
Washington 

1992-1993 0.00138 
[0.0008-0.00211] 

0.0205 
[0.00116-0.0430] 

Pelletier, 1996 

Snohomish River,  
Washington 

1993-1994 0.001343
 

[0.00064-0.0027] 
0.00156 

[0.00079-0.00287] 
Pelletier, 1996 

Spokane River,  
Washington 

1992-1993 0.00082 
[0.000184-0.0018] 

0.0011 
[0.000362-0.0033] 

Pelletier, 1996 

Yakima River, 
 Washington 

1992-1993 0.000875 
[0.00064-0.00122] 

0.00207 
[0.00101-0.00292] 

Pelletier, 1996 

Mean of Pacific Northwest Basin 1960s5   0.009 
[0.001 to 0.037] 

Kopp and Kroner, 1969 in 
Ecology, 1992 

Yakima River,  
Richland, Washington 

1960s5  0.00496 

[0.0030-0.0080] 
Kopp and Kroner, 1969 in 

Ecology, 1992 
Yakima River,  

Wawawai, Washington 
1960s5  0.00636 

[0.004-0.010] 
Kopp and Kroner, 1969 in 

Ecology, 1992 
Yakima River, Ice Harbor Dam,  

Washington 
1960s5  0.0146 

[0.010-0.019] 
Kopp and Kroner, 1969 in 

Ecology, 1992 
Columbia River,  

Washington 
1960s5  0.00536 

[0.001-0.028] 
Kopp and Kroner, 1969 in 

Ecology, 1992 
Park Lake, Kititas Co.,  

Washington 
1970s5  0.00020 Burrell, 1974 in Ecology, 

1992 
Rachel Lake, Kititas Co.,  

Washington 
1970s5  0.0004 Burrell, 1974 in Ecology, 

1992 
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Table 3.7.2: Concentrations of Copper detected in Rivers, Lakes and Urban Water supplies in Washington State and the United States 
(continued) 
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Site Year Detected Concentration of Copper Detected (ppm) 
Mean [Range) 

Reference 

Roosevelt Lake, Okanogan Co.,  
Washington 

1970s5  0.0013 Burrell, 1974 in Ecology, 
1992 

958 sites of urban water supplies in the  
United States 

19695  <1.0 ppm Cu US Department of Health, 
Education and Welfare, 1970 

in Ecology, 1992 
10 sites of urban water supplies in the  

United States 
19695  >1.0 to <8.35  US Department of Health, 

Education and Welfare, 1970 
in Ecology, 1992 

1 site of urban water supplies in the  
United States 

19695  8.35 US Department of Health, 
Education and Welfare, 1970 

in Ecology, 1992 
13 sources of drinking water in 

 Washington State  
1984-1985  ≤0.25  Department of Social 

Services , 1988 in Ecology, 
1992 

Typical treatment rate with commercial copper 
products for control of algae in urban water 

supplies in the United States 

NR4  0.059 Klein et al, 1974 in Ecology, 
1992 

Interstitial water at Houton Lake,  
Michigan 

NR4  0.001 Harrison, 1986 

Sediment at Houton Lake,  
Michigan 

NR4  526 

[30-90] 
Harrison, 1986 

Surface water at Beaver Bay  
(State not given) 

NR4  0.00146 

[0.0012-0.0016] 
Harrison, 1986 

Interstitial water at Beaver Bay 
 (State not given) 

NR4  0.00796 

[0.0063-0.0098] 
Harrison, 1986 

Surface water at Hovland  
(State not given) 

NR4  0.00136 

[0.0012-0.0015] 
Harrison, 1986 

Interstitial water at Hovland  
(State not given) 

NR4  0.00316 

[0.0024-0.0041] 
Harrison, 1986 

Interstitial water at Black Creek,  
South Carolina 

NR4  0.00526 

[0.038-0.071] 
Harrison, 1986 

US-EPA drinking water standard 
Canada- Department of National Health and 

Welfare 

NR4  1.0 EPA, 1985 and Hart, 1974 in 
Demayo et al, 1982 



 

Table 3.7.2: Concentrations of Copper detected in Rivers, Lakes and Urban Water supplies in Washington State and the United States 
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Site Year Detected Concentration of Copper Detected (ppm) 
Mean [Range) 

Reference 

Taste Detection Limit NR4  1.0 to 5.0 Hart, 1974 in Demayo et al, 
1982 and EPA, 1976 in 

Demayo et al, 1982. 
 
1 Mean. 
2 Range. 
3 Mean of values that were above the limit of detection. 
4 NR = Not reported. 
5 Approximate time frame. 
6 Geometric mean of high and low values in range. 
 



 

REFERENCES 

 
1. ACP. 1999. Advisory Committee on Pesticides. Food and Environment Protection Act, 1985, 

Part III. Control of Pesticides Regulations 1986.  Evaluation of fully Approved or 
Provisionally Approved Products. Evaluation on: Copper Compounds. 1st Review of Their 
Use in Antifouling Products. Prepared by: The Health and Safety Executive; Pesticides 
Registration Section. Available from: Ministry of Agriculture, Fisheries and Food;  Pesticides 
Safety Directorate. January, 1999. 

 
2. Allen, H.E., Blatchley, C. and Brisbin, T.D. 1983. An Algal Assay Method for Determination 

of Copper Complexation Capacities of Natural Waters. Bulletin of environmental 
Contamination and Toxicology 30: 448-455. 

 
3. Applied Biochemists. 1997a.  Material Safety Data Sheet, Cutrine®-Plus Liquid.  Applied 

Biochemists. Division of LaPorte Water Technologies, Germantown, WI. 
 
4. Applied Biochemists. 1997a.  Material Safety Data Sheet, Cutrine®-Plus Granular.  Applied 

Biochemists. Division of LaPorte Water Technologies, Germantown, WI. 
 
5. Archer, B.J. and Bachman, R. 1974. Experimental Application of Aliquat-4 and Copper to 

Control Pondweeds. Journal American Water Works Association 66(4): 250-252. Abstract 
Only. 

 
6. Arthur, J.W. and Leonard, E.N. 1970. Effects of Copper on Gammarus pseudolimneaeus, 

Physa integra and Campeloma decisum in Soft Water. Journal of the Fisheries Board of 
Canada 27(7): 1277-1283. 

 
7. Bennett, J. and Cubbage, J. 1992. Copper in Sediments from Steilacoom Lake, Pierce 

County, Washington. Ecology. Waterbody Report Number WA-12-9080. 
 
8. Beste, C.E. 1983. Herbicide Handbook of the Weed Science Society of America, Fifth 

Edition. Weed Science Society of America, Champaign, Illinois. pp. 110-118. 
 
9. Biesinger, K.E. and Christensen, G.M. 1972. Effects of Various Metals on Survival Growth 

Reproduction, and Metabolism of Daphnia magna. Journal of the Fisheries Research Board 
of Canada 29(12): 1691-1700. 

 
10. Brown, V.M. Shaw, T.L. and Shurben, D.G. 1974. Aspects of Water Quality and the Toxicity 

of Copper to Rainbow Trout. Water Research 8: 797-803. 
 
11. Buckley, J.A. 1983. Complexation of Copper in Effluent of a sewage Treatment Plant and an 

Estimate of its Influence on Toxicity of Coho Salmon. Water Research 17: 1929-1934. 
 
12. Clarke, S.E., Stuart, J. and Sanders-Loehr. 1987. Induction of Siderophore Activity in 

Anabaena spp. and Its Moderation of Copper Toxicity. Applied and Environmental 
Microbiology 53(5): 917-922. 

 
13. Cutrine® Plus Fact Sheet. Applied Biochemists. Technical Service Report No 125-1099. 
 
Supplemental Environment Impact Statement Assessments of Aquatic Herbicides:  Study No. 00713 
DRAFT Volume 6 – Copper, Section 3 – ENVIRONMENTAL FATE 

Vol. 6, Sect. 3 – Page 119 
 



 

14. Daniel, T.C. 1972. Evaluation of Diquat and Endothall for Control of Water Milfoil 
(Myriophyllum exalbescens) and the Effect of Weedkill on the Nitrogen and Phosphorous 
Status of a Water Body. Doctoral Thesis. University of Wisconsin.  

 
15. Dave, G. 1992. Sediment Toxicity and Heavy Metals in Eleven Lime Reference Lakes of 

Sweden. Water, Air and Soil Pollution 63: 187-200. 
 
16. Demayo, A., Taylor, M.C. and Taylor, K.W. 1982. Effects of Copper on Humans, Laboratory 

and Farm Animals, Terrestrial Plants and Aquatic Life. CRC Critical Reviews in 
Environmental Control 12(3): 183-255. 

 
17. de Zambrane, I.R. 1979. Lethal Effects of Copper Sulfate in Penaeus schmitti (White Shrimp) 

and Mugil curema (Mullet) in Estuarine Waters. Pacific Science Association 14th Congress, 
USSR val., p64. Abstract Only. 

 
18. Earthtec® Algicide and Bactericide Label.  No date. Earth Science Laboratories.  Holdrege, 

NE. 
 
19. Ecology.  1980.  Environment Impact Statement. Aquatic Plant Management DRAFT, 

February, 1980.  State of Washington Department of Ecology. 
 
20. Ecology.  1989.  Environment Impact Statement. Aquatic Plant Management U.S. Army Corp 

of Engineers, Seattle District State of Washington Aquatic Plant Management Program, 
September, 1989.  

 
21. Ecology. 1992.  Aquatic Plants Management Program for Washington State.  Final 

Supplemental Environmental Impact Statement and Responsiveness Summary.  Volume 1.  
Washington State Department of Ecology.  January, 1992. 

 
22. Ecology.  1991.  Aquatic Plants Management Program for Washington State.  Draft 

Supplemental Environmental Impact Statement  Volume 2:  Appendices.  Washington State 
Department of Ecology.  March, 1991 

 
23. EPA, 1985.  Copper Sulfate Registration Standard.  Task 2:  Environmental Fate and 

Exposure Assessment  D-7817 / Copper Sulfate.  Submitted to Environmental Protection 
Agency.  Submitted by Dynamac Corporation; Enviro Control division. April 5, 1985. 

 
24. Frank, P.A. 1972. Herbicidal Residues in Aquatic Environments. Faust, S.D.D., Editor of 

Fate of Organic Pesticides in the Aquatic Environment. Advances in Chemistry Series 111: 
135-148. Symposium Publication of the American Chemical Society, Washington, D.C. 

 
25. Gallagher, J.E. and Haller, W.T.  1990.  History and Development of Aquatic Weed Control 

in the United States.  Review of Weed Science 5: 115-192. 
 
26. Gangstad, E.O. 1978. Chemical Control of Hydrilla. J. Aquatic Plant Management 16: 38-40. 
 
27. Gangstad, E.O. 1986. Chapter 6: Herbicidal, Environmental and Health Effects of Copper 

Sulfate and Other Copper Compounds In Freshwater Vegetation Management. Thomas 
Publications, Fresno, CA. pp. 165-180. 

 
Supplemental Environment Impact Statement Assessments of Aquatic Herbicides:  Study No. 00713 
DRAFT Volume 6 – Copper, Section 3 – ENVIRONMENTAL FATE 

Vol. 6, Sect. 3 – Page 120 
 



 

28. Goldman, C.R. and Horne, A.J. 1983. Limnology, McGraw-Hill Publishing Company, New 
York, pp. 463.  

 
29. Griffin, 1997.  Material Safety Data Sheet.  Komeen® Aquatic Herbicide.  Griffin LLC.  

Valdosta, GA. 
 
30. Griffin, 1998.  Material Safety Data Sheet.  K-Tea™  Aquatic Herbicide.  Griffin LLC.  

Valdosta, GA. 
 
31. Griffin B.R., Davis, K.B. and Schlenk, D. 1999. Effect of simulated Copper Therapy on 

Stress Indicators in Channel Catfish. Journal of Aquatic Animal health, 11(3): 231-236. 
Abstract Only. 

 
32. Griffin, B.R., Hobbs, M.S., Gollon, J.L., Schlenk, D., Kalubar, F.F. and Brand, C.D. 1997. 

Effects of Waterborn Copper Sulfate Exposure on Copper Content in Liver and Axial Muscle 
of Channel Catfish. Journal of Aquatic Animal Health 9(2): 144-150. Abstract Only. 

 
33. Hanson, M.J. and Stefan, H.G. 1984. Side Effects of 58 Years of Copper Sulfate Treatment of 

the Fairmont Lakes, Minnesota. Water Resources Bulletin 20(6): 889-899. 
 
34. Harrison, F.L. 1985. Effect of Physiochemical form on Copper availability to Aquatic 

Organisms. Aquatic Toxicology and Hazard Assessment: 7th Symposium. April 17-19, 1983. 
Milwaukee, Wisc. 

 
35. Harrison, F.L. 1986. The Impact of Increased Copper Concentrations on Freshwater 

Ecosystems in Reviews in Environmental Toxicology 2. Editor Ernest Hodson. Elsevier, New 
York. Pp. 117-250. 

 
36. Hartung, H.A. and Allread, P.G.  1994.  The Algicidal Action of Peat Humic Substance and 

Its Copper Chelate in Ponds.  Humic Substances in the Global Environment and Implications 
on Human Health. Edited by N. Sensi and T.M. Miano.  Elsevier Science B.V.  Amsterdam, 
The Netherlands  pp1317-1324 

 
37. Hawkins, P.R. 1988. Zooplankton of a Small Tropical Reservoir (Solomon Dam, North 

Queensland. Hydrobiologia 157(2): 105-118. Abstract Only. 
 
38. Hazel, C.R., Meith, S.J. 1970. Bioassay of King Salmon Eggs and Sac Fry in Copper 

Solutions. California Fish and Game 56(2) 121-124.  
 
39. Hodson, R.G., Davis, G.J., Langeland, K.E. 1984. Hydrilla Management in North Carolina. 

Water Resources Research Institute of the University of North Carolina, U.S. Geological 
Survey. U.S. Department of  the Interior, Reston, VA. USGS Project No. G860-03. WRRI 
Project Nos. 70012 and 70013. PB85 215044/AS. 63 pp. 

 
40. Horne, A.J. and Goldman, C.R. 1974. Suppression of Nitrogen Fixation by Blue-Green Algae 

in a Eutrophic Lake with Trace Additions of Copper. Science 183: 409-411. 
 
41. Howe, G. and Merchant, S. 1992. Heavy Metal Activated Synthesis of Peptides in 

Chlamydomonas reinhardtii. Plant Physiology 98: 127-136. 
 
Supplemental Environment Impact Statement Assessments of Aquatic Herbicides:  Study No. 00713 
DRAFT Volume 6 – Copper, Section 3 – ENVIRONMENTAL FATE 

Vol. 6, Sect. 3 – Page 121 
 



 

42. Huebert, D.B., Dyck, B.S. and Shay, J.M. 1993. The Effect of EDTA on the Assessment of 
Cu Toxicity in the Submerged Aquatic Macrophyte, Lemna trisulca L. Aquatic Toxicology 
24: 183-194. 

 
43. Huggett, D.B., Gillespie, W.B., Jr. and Rodgers, J.H. Jr. 1999. Copper Bioavailability in 

Steilacoom Lake Sediments. Archives of Environmental Contamination and Toxicology 
36(2): 120-123. 

 
44. Isolda, A. and Hayakasaka, S.S. 1991. Effects of Herbicide Residues on Microbial Processes 

in Pond Sediment. Archives of Environmental Contamination and Toxicology 20(1): 81-86. 
Abstract Only. 

 
45. Issa, A.A. and Ahmed, S.A. 1994. Response of Nile Phytoplankton to Algicide (CuSO4, 

5H2O) in Multispecies Chemostat Experiments. Qatar University Science Journal 14(1): 76-
81. Abstract Only. 

 
46. Kortmann, R.W. and Rich, P.H. 1994. Lake Ecosystem Energetics: The Missing Management 

Link. Lake and Reservoir Management 8(2): 77-97. Abstract Only. 
 
47. Krumholz, L.A. and Foster, R.F. 1957. Accumulation and Retention of Radioactivity from 

Fission Products and Other Radiomaterials by Fresh-Water Organisms. Effects of Atomic 
Radiation on Oceanography and Fisheries. Publication No. 551. National Academy of 
Science-National Research Council. Washington, D.C. pages 88-95. 

 
48. Maine, State of. 1976. Policy Regarding the Use of Copper Compounds as Aquatic 

Herbicides in Maine. Maine Dept. of Environmental Protection Augusta. Division of Lakes 
and Biological Studies. pp. 13. Abstract Only. 

 
49. Majewski, H.S., Danell, R.W., Barica, J., Lutz, A. and Klaverkamp, J.F. 1978. Short Term 

Exposure of Rainbow Trout (Salmo gairdneri) to an Algicidal Level of Copper Sulfate in 
Two Hard Water Ponds. Canadian Fisheries and Marine Services Manuscript Report 1-6: 1-
10. Abstract only. 

 
50. Masuda, K. and Boyd, C.E. 1993. Comparative Evaluation of Solubility and Algal Toxicity 

of Copper Sulfate and Chelated Copper. Aquaculture 117: 287-302 
 
51. Mathis, B.J. and Cummings, T.F. 1973. Selected metals in Sediments, Water and Biota of the 

Illinois River. Journal Water Pollution Control Federation 45(7): 1573-1583. 
 
52. McKim, J.M. and Benoit, D.A. 1971. Effects of Long-Term Exposure to Copper on Survival, 

Growth and Reproduction of Brook Trout (Salvelinus fontinalis). Journal of the Fisheries 
Research Board of Canada 28(5): 1971.  

 
53. Mehra, R.K.T., Thorvaldsen, J.L., Macreadie, I.G. and Winge, D.R.1992. Disruption 

Analysis of Metalthionein Encoding Genes in Candida glabrata. Gene 114 (1): 75-80. 
Abstract Only. 

 
54. Meyers, M.D. and Stoner, G. 1974. A Study of Copper-complexes for Control of Hydrilla 

verticillata. Proceeding of the Southern Weed Science Society 27: 290-297. 
 
Supplemental Environment Impact Statement Assessments of Aquatic Herbicides:  Study No. 00713 
DRAFT Volume 6 – Copper, Section 3 – ENVIRONMENTAL FATE 

Vol. 6, Sect. 3 – Page 122 
 



 

55. Narf, R.P. 1985. Impact of Phosphorus Reduction via Metalimnetic Alum Injection in 
Bullhead Lake, Wisconsin, USA. Wisconsin Department of Natural Resources Technical 
Bulletin 0(153): 1-25. Abstract Only. 

 
56. Nelson, J.L., Bruns, V.F., Coutant, C.C. and Carille, B.L. 1969. Pesticides in Water. Pesticide 

Monitoring Journal 3(3): 186-189. 
 
57. Nielsen, E. and Laursen, H.B. 1976. Effects of Copper Sulfate on the Photosynthesis Rate of 

Phytoplankton in 4 Danish Lakes. Oikos 27(2): 239-242. Abstract Only. 
 
58. Pelletier, G.  1996. Applying Metals Criteria to Water Quality-Based Discharge Limits.  

Washington State Department of Ecology.  Publication No. 96-339.  24 pages. 
 
59. Phelps-Dodge.  1994.  Material Safety Data Sheet.  Phelps-Dodge Triangle Brand® Copper 

Sulfate crystals.  Phelps-Dodge Refining Corporation.  El Pas, TX. 
 
60. Reid, G.K. 1961. Ecology of Inland Waters and Estuaries. Van Nostrand Reinhold Company, 

New York, NY. 375 pp. 
 
61. Reinert, K.H. and Rodgers, J.H. 1987. Fate and Persistence of Aquatic Herbicides. Review of 

Environmental Contamination and Toxicology 8: 61-91. 
 
62. Resource Management, Inc. 1999. Report on 1999 Treatment of Lake Steilacoom. 11 pages 
 
63. Rodgers, J.H. Jr., Dunn, A and Robinson, R. 1992. Guntersville Reservoir Herbicide 

Monitoring Survey, 1990. Tennessee Valley Authority, Water Resources Aquatic Biology 
Department. U.S. Army Corps of Engineers. 169 pages. 

 
64. Rueter, J.G., Jr., O’Reilly, K.T. and Petersen, R.R. 1987. Indirect Aluminum Toxicity to 

Green Alga Scenedesmus through Increased Cupric Ion Activity. Environmental Science and 
Technology 21 (5): 435-438. 

 
65. Sanchez, I. and Lee, G.F. 1978. Environmental Chemistry of Copper in Lake Monona, 

Wisconsin. Waterier Research 12(10): 899-904. Abstract Only. 
 
66. SePRO.  2000a. Captain™ Liquid Copper Algaecide Use Guide.  SePRO Corporation. 

Carmel, IN. 
 
67. SePRO.  2000a. Nautique™ Liquid Copper Herbicide Use Guide.  SePRO Corporation. 

Carmel, IN. 
 
68. Serdar, D. 1995. Results of Monitoring Copper Sulfate Application to Sylvia Lake. 

“Ecology” Ecology Report No 95-322. 
 
69. Simonin, H.A. and Skea, J.S. 1977. Toxicity of Diquat and Cutrine to Fingerling Brown 

Trout. New York Fish and Game Journal 24(1): 37-45. 
 
70. Smith, M.W. 1935. The Use of Copper Sulphate for Eradicating the Predatory Fish 

Population of a Lake. Transactions of the American Fisheries Society 65: 101-114. Abstract 
Only.  

Supplemental Environment Impact Statement Assessments of Aquatic Herbicides:  Study No. 00713 
DRAFT Volume 6 – Copper, Section 3 – ENVIRONMENTAL FATE 

Vol. 6, Sect. 3 – Page 123 
 



 

 
71. Spare, W.C.  1996a.  Aerobic Aquatic Metabolism Of Copper-Ethylenediamine Complex.  

Environmental Fate Data Requirement.  40 CFR 158.  Pesticide Assessment Guidelines 
Subdivision N:  Series 162-4.  Agrisearch Incorporated, Fredrick Maryland for Griffin 
Corporation, Valdosta, GA.  Agrisearch Project Number 3305.  175 pages.  Abstract Only. 

 
72. Spare, W.C.  1996b.  Aerobic Aquatic Metabolism Of Copper-Triethanolamine Complex. 

Environmental Fate Data Requirement.  40 CFR 158.  Pesticide Assessment Guidelines 
Subdivision N:  Series 162-4.  Agrisearch Incorporated, Fredrick Maryland for Griffin 
Corporation, Valdosta, GA.  Agrisearch Project Number 3304.  189 pages.  Abstract Only. 

 
73. Spotts, R.A. and Cervantes, L.A. 1995. Copper, Oxytetracycline and Streptomycin Resistance 

of Pseudomonas syringae pv syringae Strains From Pear Orchards in Oregon and 
Washington. Plant Disease 79(11): 1132-1135. Abstract Only. 

 
74. Stokes, P.M. and Lindsay, J.E. 1979. Copper Tolerance and Accumulation in Penicillium 

ochro-chloron Isolated from Copper Plating Solution. Mycologia 71(4): 796-806. Abstract 
Only. 

 
75. Suedel, B.C., Deaver, E. and Rodgers, J.H. Jr. 1996. Experimental Factors that may Affect 

Toxicity of Aqueous and Sediment Bound Copper to Fresh Water Organisms. Archives of 
Environmental Contamination and Toxicology 30: 40-46. 

 
76. Teggins, J.E. and Slinn, D.J. 1985. Reversible Adsorption of Aqueous Divalent Copper Ion 

by Estuarine Sediments. Water Resources Bulletin 21(3): 465-468. 
 
77. Voloudakis, A.E., Bender, C.L. and Cooksey, D.A. 1993. Similarity between Resistance 

Genes From Xanthomonas campestris and Pseudomonas syringae. Applied Environmental 
Microbiology. 59(50): 1627-1634. Abstract Only. 

 
78. Wagemann, R. and Barica, J. 1979. Speciation and Rate of Loss of Copper From Lake Water 

with Implications to Toxicity. Water Research 13: 515-523. 
 
79. Whitaker, J., Barica, J., Kling, H. and Buckley, M. 1978. Efficacy of Copper Sulphate in 

Suppression of Aphnizomenon flos-aquae. Environmental Pollution 15(30): 185-194. 
Abstract Only. 

 
80. Winger, P.V., Imlay, M.J., McMillan, W.A., Martin, T.W., Takekawa, J. and Johnson, W.W. 

1984. Field and Laboratory Evaluations of the Influence of Copper-Diquat on Apple Snails in 
Southern Florida. Environmental Toxicology and Chemistry 3: 402-424. 

 
81. Wisconsin Department of Natural Resources. 1990. Environmental Assessment Aquatic Plant 

Management (NR 107) Program. 3rd Edition. 123 pages. 
 
82. Yang, C.H., Azad, H.R. and Cooksey, D.A. 1996. A Chromosomal Locus Required for 

Copper Resistance, Competitive Fitness and Cytochrome C Biogenesis in Pseudomonas 
fluorescens. Proceedings of the National Academy of Sciences of the United States of 
America 93(14): 7315-7320. Abstract Only.  

 

Supplemental Environment Impact Statement Assessments of Aquatic Herbicides:  Study No. 00713 
DRAFT Volume 6 – Copper, Section 3 – ENVIRONMENTAL FATE 

Vol. 6, Sect. 3 – Page 124 
 



 

Supplemental Environment Impact Statement Assessments of Aquatic Herbicides:  Study No. 00713 
DRAFT Volume 6 – Copper, Section 3 – ENVIRONMENTAL FATE 

Vol. 6, Sect. 3 – Page 125 
 

83. Yang, C.H., Menge, J.A. and Cooksey, D.A. 1993. Role of Copper Resistance in Competitive 
Survival of Pseudomonas fluorescens in Soil. Applied Environmental Microbiology 59(2): 
580-584. Abstract Only. 

 
 
 



 
 
 
 
 
 
 
 
 

 
 
 

 

Copper 
 
 
 
 

Volume 6, Section 4 
 

ENVIRONMENTAL EFFECTS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

400 PAGES 

Supplemental Environmental Impact Statement Assessments of Aquatic Herbicides: 
DRAFT Volume 6 – Copper, Section 4 – ENVIRONMENTAL EFFECTS 

Vol. 6, Sect. 4 – Page 1 



 

TABLE OF CONTENTS 
 

4.0 ENVIRONMENTAL EFFECTS ASSESSMENT – COPPER ................................................4 
4.01 Objective............................................................................................................................ 21 
4.0.2 Study Approach................................................................................................................. 21 

4.0.2.1 Information Compilation ........................................................................................ 21 
4.0.2.2 Risk Assessment Methodology................................................................................... 22 

4.1 COPPER 23 
4.1.1 Evaluated Organisms and Sensitive Stages (EPA, 1982) ................................................ 27 
4.1.2 Exposure Routes................................................................................................................ 30 

4.2 ENVIRONMENTAL TOXICITY REVIEW: EFFECTS OF THE PHYSICAL AND 
CHEMICAL ENVIRONMENT ON HABITAT ...................................................................31 
4.2.1 Potential Soil and Sediment Interactions .......................................................................... 33 

4.2.1.1 Impact of Various Soils (Sediment/Substrate) Composition................................. 33 
4.2.1.2 Potential for Increased Erosion and Re-suspension of Soils and Sediments from 

Plant Removal........................................................................................................ 34 
4.2.1.3 Effects on Pristine Sites .......................................................................................... 37 
4.2.1.4 Effects on Contaminated Sites................................................................................ 37 

4.2.2 Environmental Persistence ................................................................................................ 39 
4.2.2.1 In Water................................................................................................................... 40 
4.2.2.2 In Sediment ............................................................................................................. 42 
4.2.2.3 In Soil ...................................................................................................................... 44 
4.2.2.4 Potential for Bioaccumulation or Bioconcentration in Fish, Aquatic Invertebrates, 

Phytoplankton, Zooplankton, Birds, Mammals and Insects................................. 44 
4.2.3 Potential Impacts of Water Quality on Survival of Aquatic Organisms.......................... 52 

4.2.3.1 Effects of Physiological Sustaining Water Chemistry........................................... 52 
4.2.3.2 Effects of Copper in Water ..................................................................................... 62 

4.2.4 Mixtures with Other Pesticides and Incidental Presence of Other Pesticides ................. 66 
4.2.5 Potential Impacts on Agriculture ...................................................................................... 75 

4.3 ENVIRONMENTAL TOXICITY REVIEW – DIQUAT TOXICITY TO THE BIOTA 
AND RISK ASSESSMENT...................................................................................................84 

4.3.1 Effects and Selectivity on Aquatic Plants .............................................................. 90 
4.3.1.1 Acute Effects on Aquatic Plants ............................................................................. 95 
4.3.1.2 Chronic Effects on Aquatic Plants.......................................................................... 97 
4.3.1.3 Potential Impacts of Single Versus Multiple Applications.................................... 98 
4.3.1.4 Effects on Endangered Plant Species ................................................................... 108 
4.3.1.5 Risk Analysis for Aquatic Species of Plants ........................................................ 109 

4.3.2 Effects of Diquat on Aquatic Animals............................................................................ 112 
4.3.2.1 Acute Effects on Aquatic Animals ....................................................................... 124 
4.3.2.2 Chronic Effects of Diquat on Aquatic Animals ................................................... 130 
4.3.2.3 Impacts of Single Versus Multiple Applications ................................................. 136 
4.3.2.4 Effects on Endangered Species............................................................................. 169 
4.3.2.5 Risk Analysis for Aquatic Species............................................................................ 171 

4.3.3. Copper Products Potential Impacts to Terrestrial Wildlife and Plants .......................... 194 
4.3.3.1 Effects on Terrestrial Animals (Birds, Mammals and Insects)............................ 194 

4.3.3.1.2 Effects on Birds................................................................................................194 
4.3.3.2 Acute Effects on Mammals .................................................................................. 194 
4.3.3.3 Mitigation of Effects on Birds and Mammals...................................................... 195 
4.3.3.4 Possible Effects on the Food Chain...................................................................... 195 
4.3.3.5 Effects on Endangered Terrestrial Plants, Birds and Mammals .......................... 195 

Supplemental Environmental Impact Statement Assessments of Aquatic Herbicides: 
DRAFT Volume 6 – Copper, Section 4 – ENVIRONMENTAL EFFECTS 

Vol. 6, Sect. 4 – Page 2 



 

4.3.3.6 Effects on Terrestrial Plants.................................................................................. 196 
4.3.3.7 Effects on Amphibians.......................................................................................... 197 

4.4 ADDITIONAL POTENTIAL DIRECT AND INDIRECT IMPACTS OF HERBICIDE 
USE ON WETLAND ENVIRONMENTS ..........................................................................197 
4.4.1 Estuarine (Intertidal) Environments................................................................................ 198 
4.4.2 Palustrine (Marshy) Environments ................................................................................. 200 
4.4.3 Riparian (Margin and Bank) Environments ................................................................... 201 
4.4.4 Other Wetland Environments.......................................................................................... 202 

4.4.4.1 Lentic Environment............................................................................................... 202 
4.4.4.2 Lotic Environment ................................................................................................ 203 

4.5 UNCERTAINTY ANALYSIS.............................................................................................203 
4.6 ADDITIONAL INFORMATION NEEDS ..........................................................................210 

4.6.1 Soil and Sediment............................................................................................................ 212 
4.6.2 Water................................................................................................................................ 216 
4.6.3 Plants................................................................................................................................ 216 
4.6.4  Acute and Chronic Animal Studies ................................................................................ 217 

4.7 MITIGATION MEASURES................................................................................................220 
4.8 SUMMARY AND CONCLUSIONS...................................................................................224 

REFERENCES.............................................................................................................................242 
LIST OF TABLES .......................................................................................................................261 
LIST OF APPENDICES ..............................................................................................................396   

 

Supplemental Environmental Impact Statement Assessments of Aquatic Herbicides: 
DRAFT Volume 6 – Copper, Section 4 – ENVIRONMENTAL EFFECTS 

Vol. 6, Sect. 4 – Page 3 



 

4.0 ENVIRONMENTAL EFFECTS ASSESSMENT – COPPER 
 

Executive Summary:  
 
• Summary of Methodology: 
 

The information contained in this report was compiled from studies submitted to EPA 
by the sponsor, data found on various EPA web-sites, and open literature on the 
toxicity of commercial copper products. The commercial copper products currently 
in common use include the copper sulfates like Triangle Brand® Copper Sulfate 
Crystal and Earthtec®, and the commercial copper-complexes including the copper-
EDA complexes (copper-ethylenediame) like Komeen® and Nautique™ and the 
copper-TEA complexes (copper-triethanolamine) like K-Tea™, Cutrine®, Copper 
Control®, Clearigate® and Captain™. Data collected included acute toxicity for the 
standard test species of microbes (algae and protists), plants, fish, free-swimming 
invertebrates and benthic (sediment-dwelling) invertebrates. Chronic toxicity data 
consists of early life-stage studies for fish and amphibians and life-cycle studies for 
free-swimming invertebrates. No laboratory chronic toxicity data was collected for 
algae, plants or sediment organisms. The half-life of copper sulfate in the water 
column is fairly short (~2.0 days in hard water and 5.5. days in soft water). The half-
life for the commercial copper-complexes ranges from very short for the copper-EDA 
complexes (0.07 to 0.18 days) to fairly long for the copper-TEA complexes (~6.0 
days). Because of the short water column half-lives, risk investigators like Lenwood 
Hall (personal communications, 2001) and Sanchez and Lee (1978) do not believe 
that chronic risk assessment is a serious issue in free-swimming fish and aquatic 
invertebrates. However, chronic toxicity may be a serious issue in benthic organisms 
because the concentrations of copper in the sediment may be very high (170 to 5,600 
ppm Cu) (Hanson and Stefan, 1984; Bennett and Cubbage, 1992 and Serdar, 1995). 
Acute to chronic toxicity ratios based on the LC50/MATC or the LC50/NOEC were 
calculated to determine their variability. An estimate of the chronic Maximum 
Acceptable Toxic Concentration (MATC) was made based on the acute/chronic 
toxicity ratio for animal species. Additional data were collected on species other than 
the standard test species to supplement the data further. A risk assessment was 
conducted based on the procedures outlined in Urban and Cook (1986) and those 
outlined in Campbell et al (2000). Urban and Cook state that if acute risk quotients 
(RQs) are less than 0.1 and chronic risk quotients are less than 1.0, the biota should 
be safe (95% of the tested biota) from the toxic effects of the tested pesticide. These 
values are respectively termed the acute and chronic level of concern. The acute RQ 
is defined as the short-term expected environmental concentration (EEC) divided by 
the acute EC5; and the chronic RQ is defined as the long-term EEC divided by the 
chronic NOEC or MATC. 

 
Campbell et al (2000) did not use safety factors as described in Urban and Cook 
(1986). Campbell et al used the ECOFRAM criteria, which assumes that the biota 
will be protected if the EEC is not higher than the LC50 in more than 90% of the 
cases.  

 
• Summary of Assumed Environmental Concentrations 
 

Acute risk quotients are defined as the 4-day geometric mean of the Expected 
Environmental Concentration (EEC) divided by the concentration of the herbicide 
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that will cause mortality in 50% of animals or plants exposed in a standardized acute 
toxicity test (EC50 or LC50). These values are calculated from the most typical 
initial concentration of copper sulfate when it is applied at 0.062 ppm Cu and the 
most typical concentrations of the commercial copper-complexes when they are 
applied at rates of 0.5 to 1.0 ppm Cu. The half-life is considered to be an important 
element in calculating the EEC. The water dissipation half-life for copper typically 
ranges from 2.0 to 5.5 days for copper sulfate and 0.18 to 6.0 for the commercial 
copper-complexes in most aquatic ecosystems. The highest use rates of copper sulfate 
(0.5 to 4.0 ppm = 0.125 to 1.0 ppm Cu) have adversely impacted fish and aquatic 
invertebrates in both laboratory and field test (Smith, 1935; de Zambrane, 1979; 
Whitaker, 1979 and Majewski, 1978). Therefore, the highest use rate of copper 
sulfate pentahydrate that was evaluated was 0.25 ppm (0.062 ppm Cu). The 
application rate for Triangle Brand® Copper Sulfate Crystals that would be used to 
obtain this concentration was 4.5 lbs product/surface acre (5.0 Kg/hectare) when the 
water depth was 200 cm (approximately 6.0 feet). The most typical concentration 
(EEC) at zero time for copper is considered to be 0.062 ppm Cu. However, the short-
term time-weighted average EEC for a typical exposure of 4 days is 0.048 ppm Cu in 
soft water or 0.034 ppm Cu in hard water if the half-lives are considered to be 5.5 or 
2.0 days, respectively. Serdar (1995) has reported these values for soft water and 
Wagemann and Barica (1979) for hard water. The commercial copper-complexes 
were also evaluated for toxicity to aquatic fish and invertebrates. The copper 
complexes that were primarily evaluated as representative of this group included 
Komeen® and Cutrine® (Copper Control®) with small amounts of data available for 
K-Tea™. Since these products contain approximately 0.8 to 0.9 lbs of elemental 
copper per gallon, the application rate required to obtain water concentration of 0.5 
to 1.0 ppm Cu was approximately 11 to 22 gallons/surface acre when the water depth 
was 200 cm (approximately 6 feet). The typical 4-day time-weighted EEC values for 
the Copper-ethylenediamine complex (Komeen®) or Copper-triethanolamine 
complexes (Cutrine®, Copper Control®, K-Tea™ and Clearigate®) were 0.032 to 
0.064 ppm Cu and 0.4 to 0.8 ppm Cu, respectively. These recently calculated values 
were validated for copper sulfate products in soft water by Serdar (1995) who found 
that when copper sulfate was applied at target rates of 0.062 ppm, the measured 
dissolved copper concentrations ranged from 0.056 to 0.082 ppm Cu (geometric 
mean = ~0.060 ppm Cu) 1 day after application. Wagemann and Barica (1979) 
confirmed the target concentrations of 0.050, 0.125, 0.150, 0.350 and 0.50 ppm to be 
very close to the measured concentration in hard water immediately following the 
application of copper sulfate pentahydrate. Concentrations of soluble copper, due to 
the application of the commercial copper-complexes, were difficult to determine. 
These products can be released very rapidly from certain invert emulsions (emulsions 
used to make the mixtures for subsurface applications). As a result, more than 70% 
of the expected concentration may be found dissolved in the water column within 4 
hours of application. However, in other invert emulsion formulations these copper-
complexes may not be readily released into the water column and less than 5% of the 
expected concentration is found in the water column at 1, 4, 10, 15, 20 and 24 hours 
after application (Myers and Stoner, 1974). If dissolved copper is rapidly released 
into the water column from the commercial copper-complex, it is expected that the 
dissolved copper concentrations will decrease to less than 40% of the applied rate 
within 6 hours after application (Rodgers et al, 1992). Chronic Risk Quotients are 
defined as the 28-day geometric mean for the Expected Environmental Concentration 
(EEC) divided by the no observed effect concentration or maximum allowable toxic 
concentration (NOEC or MATC) for animals after exposure in a standardized 
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chronic toxicity test. These values are calculated for copper sulfate using typical day-
0 concentrations of copper (0.062 ppm Cu) and a half-life of 5.5 days in soft water 
and 2.0 days in hard water. The long-term time-weighted EEC for copper sulfate is 
estimated to be 0.017 ppm Cu in soft water and 0.0064 ppm Cu in hard water based 
on the geometric mean of the concentrations experienced during a 28-day exposure 
to copper sulfate. Similarly, the long-term time-weighted EEC for Komeen® is 
0.0046 to 0.0092 ppm at copper application rates of 0.5 to 1.0 ppm Cu; the long-term 
time-weighted EEC for Cutrine® is 0.4 to 0.8 ppm Cu for application rates of 0.5 to 
1.0 ppm Cu.  

 
• Summary of Copper Effects on Aquatic Plants 
 

Copper products affect various species of algae and protists (flagellate green algae). 
Extremely sensitive algae species are controlled by copper sulfate at rates of 0.0625 
to 0.125 ppm Cu while sensitive, moderately sensitive and insensitive algae species 
are controlled by copper sulfate at rates of 0.125 to 0.25, 0.25 to 0.375 and 0.375 to 
0.5 ppm Cu, respectively (Tables13 and 17). Algae found in the water column are 
affected by concentrations of copper sulfate ranging from 0.001 to 4.0 ppm Cu. Many 
species will be adversely impacted by concentrations higher than 0.0625 ppm Cu 
with the Risk Level (Risk Quotient) being high (RQ = >0.5) or very high (RQ = >1.0) 
for many species including mixed species of blue-green algae, mixed cultures of 
green algae, and some species of marine diatom. The more sensitive species like 
Spirulina, platensis, (green algae), susceptible strains of Scenedesmus sp. (green 
algae), Skeletonema costatum and Nitzschia closterium (marine diatoms) and other 
marine algae (Gymnodinium splendens, Scrippsiella faroense, Thalassiosira 
pseudonana, and Asterionella japonica) may also be adversely impacted (RQ = >0.5 
to >0.1) by even lower concentrations of copper sulfate (0.03125 ppm Cu). In natural 
lakes like (Clear Lake, California), the growth of blue-green algae like Anabaena or 
Aphanizomenon is inhibited by ~40% to ~90% in 8 to 9 days after treatment by 
concentrations as low as 0.005 to 0.010 ppm Cu. However, green algae like Oocystis 
and diatoms like Melosira are not adversely impacted by these concentrations for 8 
to 9 days after treatment (Horne and Goldman, 1974). Green algae are not generally 
as strongly impacted as blue-green algae and diatoms when exposed to high 
concentration of copper sulfate. For example, 57% of the blue green algae species 
and 100% of the diatom species tested were controlled by concentrations of 2.0 ppm 
copper sulfate pentahydrate (0.5 ppm Cu). Only 35% of the green algae species 
tested were controlled by this concentration of copper sulfate. However, this is not 
always the case and which group of algae is controlled more readily depends on the 
species complex of each group that is present. Blue-green algae have a reputation for 
developing resistance to copper sulfate. For example, in the Fairmont Lakes, blue-
green algae, green algae, and diatoms were largely controlled by application of 
copper sulfate at rates as low as 0.12 ppm to 0.5 ppm (0.03 to 0.125 ppm Cu). 
Initially, in 1921 to 1923, the green algae (like Spirogyra, Stephanodiscus and 
Conferva) were very troublesome and difficult to control. However, from 1946 to 
1982, the blue-green algae like Aphanizomenon and Anabaena developed a 
tolerance to copper. When this occurred, concentrations of copper sulfate as high as 
0.5 to 2.09 ppm (0.125 to 0.53 ppm Cu) were ineffective in controlling them while the 
green algae were controlled by these concentrations (Hanson and Stefan, 1984). 
Some species of aquatic vascular plants are damaged by exposure to copper sulfate 
at rates higher than 0.125 ppm Cu. For example, duckweed (Lemna trisulca), giant 
duckweed (Spirodela polyrhiza) and Hydrilla verticillata are at high risk (RQ = >0.5) 
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when they are exposed to inorganic copper salts at rates of 0.125 ppm Cu. Since 
copper sulfate may be used at rates as high as 0.1 to 0.2 ppm Cu in continuous 
exposure for the control of pondweeds in reservoirs and irrigation conveyances, it is 
likely that vascular plants will be adversely impacted by the use of copper sulfate to 
control Potamogeton pectinatus and P. foliosus. These pondweed species will 
accumulate copper in their tissue at concentrations as high as 4,000 ppm Cu, in the 
field, before succumbing to treatment. Chronic weekly treatment of lakes during the 
summer for many years has caused complete destruction of the macrophyte and algal 
biota. For example, under this treatment regiment, a lake in Illinois became devoid of 
aquatic plants and no longer had algal blooms (Hasler, 1947 in Hanson and Stefan, 
1984). Komeen® and Nautique™ are not registered for the control of algae and it is 
not anticipated that typical use rates of these products will impact most algal species 
in the long term. However, laboratory tests indicate that Komeen® will have adverse 
impact on Hydrilla verticillata at application rates higher than 0.125 ppm Cu since 
the Risk Level is High (>0.5) to Very High (>1.0) when this aquatic weed is exposed 
to concentrations that are this high. Myers and Stoner (1974) found that typical use 
rates of Komeen® (10 to 20 gallons/ acre (~0.5 to 1.0 ppm Cu) will control Hydrilla 
verticillata for more than 4 weeks at the 60% to 95% level. Similarly, Rodgers et al 
(1992) found that Hydrilla verticillata and Myriophyllum spicatum were controlled 
by Komeen® plus diquat at rates of 0.4 plus 0.4 ppm Cu even though exposure to 
high levels of dissolved copper in the water column lasted for less than 1 day. Barry 
(1974 in Myers and Stoner, 1974) found that Komeen® was also effective in 
controlling Brazilian elodea (Egeria densa) at standard use rates. Cutrine® is highly 
toxic to blue-green algae (Anabaena spiroides and Microcystis aeruginosa), green 
algae (Spirogyra sp.) and diatoms (Peridinium inconspicuum) at rates as low as 0.5 
to 2.0 ppm as Cutrine® formulation equivalence (0.05 to ~0.2 ppm Cu). The higher 
concentrations of Cutrine® destroyed algal blooms of Anabaena spiroides and 
Peridinium inconspicuum within 3 days of application while allowing other, more 
favorable bloom forming algae to survive (Patnaik, 1980). It is unclear how effective 
Cutrine® or Cutrine® plus diquat is in controlling Hydrilla verticillata. Application 
rates of Cutrine® plus diquat at rate as high as 1-gallon Cutrine® 
formulation/surface acre (0.093 to 0.28 ppm Cu) plus1- gallon of diquat 
formulation/surface acre (0.245 to 0.735 ppm c.e.) are believed to be necessary to 
control Hydrilla verticillata (Simonin and Skea, 1977). Furthermore, very high rates 
of Cutrine® (2.2 ppm), Cutrine® plus diquat (2.2plus 3.0 ppm), Cutrine® plus 
endothall (2.2 ppm plus 3.0) or Cutrine® plus diquat plus endothall (2.2 plus 1.5 
plus 1.5 ppm Cu) will control algae and Siberian watermilfoil (Myriophyllum 
exalbescens). However, mixtures of herbicides are more effective than Cutrine® 
alone in controlling Siberian watermilfoil. These applications controlled Siberian 
watermilfoil which was eventually replaced due to competition by Potamogeton 
foliosus without extensive regrowth of Siberian watermilfoil for approximately 1 year 
(Daniel, 1972). At some sites (Cocoplum Waterway, Florida, Reedy Creek, North 
Carolina and Lake Anne, North Carolina), even very high application rates of 
Cutrine® (~10 gallons /acre = 2.0 ppm), Cutrine® plus diquat (2.0 plus 2.0 or 4.0 
plus 2 gallons/acre or K-Tea™ plus diquat (4.0 plus 2.0 gallons/acre) were 
ineffective in controlling Hydrilla verticillata or provided only partial control of this 
pest species. This is not surprising since Simonin and Skea (1978) state that lower 
“fish safe” concentrations of Cutrine® plus diquat may be ineffective in controlling 
aquatic vascular plants. Cutrine® and/or K-Tea™ may allow for the rapid regrowth 
of non-target native plant species. However, their efficacy on the target aquatic 
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vascular plant (Hydrilla verticillata), at standard use rates even when combined with 
diquat is often questionable.  

 
Use of copper sulfate and the commercial copper-complexes at labeled rates is likely 
to adversely impact non-target species of algae and aquatic plants when the non-
target species are located at the site of application. It is unclear if drift from treated 
areas to untreated areas will adversely affect algae and aquatic vascular plants. 
However, a 400-foot set-back distance from outlet streams is recommended for the 
commercial copper products to mitigate their effects on non-target fish, aquatic 
invertebrate, algae and aquatic vascular plant species. The ability of commercial 
copper products to affect long-term control on aquatic vegetation (particularly 
algae) without causing adverse impact on non-target organisms has also been 
questioned by Maine’s Department of Environmental Protection (1976). However, 
from the 1920’s until as recently as 1994, inorganic copper salts, including copper 
sulfate and the commercial organic copper-complexes (Cutrine®, K-Tea™, 
Clearigate® and Captain™), have been used extensively to control nuisance algae in 
a wide variety of lakes, ponds, reservoirs and irrigation conveyances in Washington, 
Wisconsin, Minnesota and Colorado.  Furthermore, all of the commercial copper-
complexes have been employed for the control of Hydrilla verticillata. The copper-
EDA complexes (Komeen® and Nautique™) as well as the copper-TEA complex 
(Clearigate®) have been extensively and successful employed to control Brazilian 
elodea (Egeria densa), American waterweed (Elodea canadensis), Hydrilla 
verticillata, watermilfoil (Myriophyllum spp.) naids (Najas spp.), Potamogeton 
pondweeds, duckweed (Lemna spp.) and waterhyacinth (Eichhornia crassipes) as 
well as other species of rooted and floating aquatic macrophytes. However, diquat, 
endothall (Aquathol®) and 2,4-D in either liquid or granular formulations are also 
extensively used for the control of algae and/or aquatic vascular plants since they 
appear to be less toxic to non-target organisms and generally more reliable and 
predictable as aquatic vegetation management compound). Many state regulatory 
agencies view the commercial copper products with skepticism and concern. 
However, the U.S. EPA does not believe that they are of great concern providing that 
the maximum use rate is not higher than 1.0 ppm while acknowledging potential 
problems with reliable efficacy and toxicity to non-target organisms. Nevertheless, 
Masuda and Boyd (1983) indicate that copper sulfate and the commercial copper-
complexes can be used safely and effectively when the total copper application rate 
does not exceed 1% of the total alkalinity concentration, but they admit that 
knowledge of copper dynamics is not complete and that the benefits of copper 
treatments are poorly documented.  

 
When the 4-day average EEC is considered, the Risk Quotient is usually greater than 
the level of concern for many species of algae and a few species of aquatic vascular 
plants when they are exposed to copper sulfate or the copper-TEA complexes 
(Cutrine®, K-Tea™, Clearigate® and Captain™). In the field, copper-TEA 
complexes will often be ineffective in controlling Hydrilla verticillata. However, the 
copper-EDA complexes (Komeen® and Nautique™) are effective in controlling 
Hydrilla verticillata and Egeria densa at rates from 0.5 to 1.0 ppm Cu, and copper-
DEA complexes plus diquat control Hydrilla verticillata and Myriophyllum spicatum 
at application rates of 0.4 plus 0.4 ppm. These concentrations of copper EDA-
complexes may also be harmful to a variety of native aquatic macrophytes including 
naids (Najas sp.), Potamogeton pondweeds, coontail (Ceratophyllum demersum), as 
well as other aquatic macrophytes at rates that range from 0.5 to 1.0 ppm Cu. The 
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commercial copper herbicides may have an adverse impact on algae and aquatic 
vascular plants (particularly in soft water and may not be extremely effective in hard 
water). However, plants and algae should not be considered in the general risk 
assessment since the label specifies them as targets for control with these herbicides. 

 
• Summary of Copper Effects on Aquatic Animals 
 

The standard bioassay time for fish is 96 hours. Copper sulfate has a high laboratory 
acute toxicity to fish in soft water (typical 96-hour LC50 = 0.0125 to 0.1 ppm Cu) for 
striped bass sac-fry and free-swimming fry, several species of salmonid (including 
cutthroat trout, rainbow trout, steelhead trout, Atlantic salmon, and Eastern brook 
trout), channel catfish and fathead minnow. Copper sulfate is much less toxic to most 
species of fish in hard water (96-hour LC50 = 0.18 to 6.2 ppm Cu) on cutthroat 
trout, various perch species, sunfish, mosquito fish and fathead minnow. Based on 
the short-term level of concern (0.1), the fish biota may be adversely impacted in soft 
water at all typical use rates (0.0625 to 1.0 ppm Cu). However, lower concentrations 
(0.062 to 0.125 ppm Cu) are generally below those anticipated to acutely impact 
most fish species in hard water. While 0.125 ppm Cu has not generally been noted to 
cause high mortality on sensitive species like rainbow trout or channel catfish in 
hard water, this concentration may slow the growth of these fish resulting in lower 
yields upon harvest. The lower concentration of copper sulfate (0.062 ppm Cu) is not 
anticipated to cause adverse impact when fish are exposed in hard water since the 
risk quotient is below the high level of concern (0.5) for most species of fish tested. 
Field studies indicate that fish may be adversely impacted in soft water treated at 
rates of 0.062 ppm since the concentration of copper remains higher than the 0.03 
ppm Cu for at least 4 days, in the main body and out-flow stream of a soft water lake. 
This EEC concentration is toxic to the sac-fry and juvenile stages of many salmonid 
species including Coho Salmon, Chinook salmon, rainbow trout, steelhead trout and 
cutthroat trout and will, therefore, provide an insufficient margin of safety for the 
protection of these species in soft water lakes. However, concentrations ranging 
between 0.025 to 0.04 ppm Cu have no impact on rainbow trout grown in the hard 
water prairie pothole lakes of Manitoba (Canada). These concentrations are useful 
since they control blue-green algae like Anabaena flos-aquae, which due to the toxins 
they produce and effects on the dissolved oxygen level, can cause summer kills in 
sensitive species. The safe levels of copper sulfate in natural water bodies can be 
water body specific. Therefore, it is difficult or impossible to predict the field effects 
of copper sulfate from the results of laboratory studies unless they are conducted in 
the water that will be treated and the test species is at least as sensitive as the most 
sensitive species of fish present in the water body (Brown et al, 1974). For example, 
in waters with a high potential to detoxify copper (complex with cupric copper), the 
estimated safe level of inorganic copper salt was 1.1 to 1.7 ppm Cu during high flow 
rates. In waters with a low potential to detoxify copper, the predicted safe level for 
copper exposure in fish is 0.029 to 0.046 ppm Cu during low flow rates (Geckler et 
al, 1976 in Demayo et al, 1982). However, depending on the hardness, alkalinity, pH, 
and the amount and types of sediment present, fish in a specific water body may be 
able to tolerate more or less added copper than indicated above. The behavior of fish 
is also an important factor in whether or not copper treatment will have adverse 
impact on indigenous fish species For example, many fish species can avoid exposure 
to copper when it is present in the water at these levels by leaving the treated area. 
Some of the species that can avoid copper exposure at these concentrations include 
rainbow trout, Atlantic salmon, white sucker and Japanese eel. However, some 
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species cannot detect and, therefore, do not avoid toxic copper concentrations and a 
few species like gold fish and green sunfish are attracted to areas contaminated by 
copper at levels that will be toxic to them.  
 
The commercial copper-complexes are generally much less toxic to fish than the 
inorganic copper salts, including copper sulfate. For example, when tested in soft or 
hard water, most species of fish will not be affected by typical use rates of Komeen® 
(0.5 to 1.0 ppm Cu) since the LC50 under these conditions ranges from 4.6 to 558 
ppm Cu (Tables 18 and 23A). The acute risk quotient generally does not exceed the 
short-term low level of concern (0.1) in hard water. Therefore, it is not expected that 
Komeen® will adversely impact these fish in hard water. However, in soft water, 
rainbow trout and possibly other salmonids may be adversely impacted by low 
treatment rates and killed at higher treatment rates (LC50 = 0.076 ppm Cu). 
Therefore, “it appears that Hydrilla (and other species of aquatic macrophytes) can 
be controlled without acute toxicity to warm water fish (i.e. bluegill and golden 
shiner). However, when salmonids are present, the use of Komeen® for Hydrilla 
control without extensive fish losses is questionable” (Finlayson, 1980). These 
observations are confirmed by field results that indicate that mixtures of Komeen® 
plus diquat at rates of 0.3 plus 0.3 ppm to 0.4 plus 0.4 ppm Cu) control Hydrilla 
verticillata and Myriophyllum spicatum without damaging fish populations. “The 
herbicides used in these vegetation management programs provide very effective 
tools for managing vegetation in certain priority areas of the Guntersville Reservoir 
(Alabama). The margin of safety… for these herbicides was clearly illustrated by the 
lack of harmful effects on non-target aquatic resources such as sport fish and 
molluscs” (Rodgers et al, 1992). Furthermore, “the results of this study provide no 
evidence that localized herbicide applications changed the abundance, size structure, 
condition of or movement of largemouth bass” (Bain and Boltz, 1992).  

Although the copper-TEA complexes (K-Tea™, Cutrine® and Copper Control®) are 
also less toxic than copper sulfate to fish, real safety to fish may only be provided 
under hard water conditions and/or conditions where the sediment has a high cation 
exchange capacity. Under hard water conditions the 96-hour LC50 for the copper-
TEA complexes ranges from 4.0 ppm Cu for rainbow trout to 11.6 ppm Cu for green 
sunfish. Treatment rates of 0.5 to 1.0 ppm Cu under these conditions are unlikely to 
cause adverse impact since the acute risk quotient is less than the level of concern for 
most species and does not exceed 0.1 to 0.2 for sensitive species like rainbow trout. 
However, under soft water conditions, the toxicity of these copper-TEA complexes 
ranges from 0.01 to 0.1 ppm Cu in striped bass to 1.4 ppm Cu for bluegill sunfish. 
The less sensitive species may be spared by the use of these copper-TEA complexes 
as restricted use herbicides (RQ = 0.29 to 0.6). However, it is likely the more 
sensitive species like rainbow trout (RQ, = 13.3 to 26.2), striped bass (RQ = 4.0 to 
80.0) and channel catfish (RQ = 7.8 to 15.6) will be adversely impacted by typical 
application rates in soft water. Field studies seem to verify the potential adverse 
impact of Cutrine® plus diquat in some situations. When Cutrine® plus diquat is 
applied at rates of 2.2 plus 3.0 ppm to control algae and Siberian watermilfoil, all 
the indigenous fish in a microcosm situation may be killed within 24 hours. However, 
if Cutrine® alone (2.2 ppm), Cutrine® plus endothall (2.2 plus 3.0 ppm) or Cutrine® 
plus diquat plus endothall (2.2 plus 1.5 plus 1.5 ppm) are applied to similar 
microcosms, fish-kills do not occur or are very minimal (Daniel, 1972). This 
indicates that while the copper-TEA complexes may be used safely to control algae 
and aquatic macrophytes when warm water fish are present in hard water, these 
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complexes may adversely impact some warm water fish species in soft water or 
sensitive cold water species like salmonids, striped bass and channel catfish in soft to 
intermediately hard water. Therefore, it appears to be a questionable practice to 
apply copper-TEA complexes to soft water containing sensitive or desirable fish 
species.  
 
Coho and sockeye salmon smolts may be affected by concentrations of copper that 
are similar to or less than typical field application rates. For example, Lorz and 
McPherson (1976), Bouck and Johnson (1979) and Davis and Shand (1978b in 
Demayo et al, 1982) found that these salmon are not able to withstand seawater 
challenge tests and are unable to regulate the osmolarity of their blood after 
exposure to inorganic copper salts including copper chloride and copper sulfate at 
rates ranging from 0.01 to 0.03 ppm Cu. Furthermore, long term copper exposure at 
rates ranging from 0.005 to 0.03 ppm Cu prevent downstream migration of Coho 
salmon smolts (Lorz and McPherson, 1976). Similar concentrations also prevent 
adult Atlantic salmon parr from identifying home stream water and may cause them 
to migrate downstream if the concentration of copper is high enough to be irritating 
to their olfactory receptor neurons (Klaprat et al, 1992 and Starcevic and Zielinski, 
1997). Other species of fish, including bluntnosed minnow and creek chub, may be 
prevented from spawning when the concentration of inorganic copper salts is as high 
as 0.12 ppm Cu. However, normal spawning may occur in other species like 
orangethroat darter when copper concentrations of this magnitude are present. 
Demayo et al (1982) found that laboratory tests with 0.218 ppm Cu prevented 
spawning of bluntnosed minnow. However, in field situations, the unsafe level for 
impact on spawning was predicted to be 0.12 ppm Cu. Other chronic effects have 
occurred when fish are exposed to inorganic copper salts, including copper sulfate, 
at concentrations that may typically be found in the environment. For example, some 
sensitive estuarine and marine species like Leiostomus xanthurus and Menidia 
menidia may experience effects on reproduction and hatch at concentrations of 
inorganic copper salts that are typically found in untreated natural seawater [0.0001 
to 0.004 ppm Cu (Engle and Sunda, 1979)]. Other effects on fish may also be caused 
by chronic exposure to inorganic copper salts including copper sulfate. Some of the 
extremely sensitive fish species are the fathead minnow (MATC = 0.012 ppm Cu), 
rainbow trout (MATC = <0.001 ppm Cu), Chinook salmon (MATC = 0.015 ppm Cu), 
and Eastern brook trout (LOEC = 0.0045 ppm Cu). Other species of fish, listed in 
Table 23A, that are predicted to have MATCs or NOECs of less than ~0.002 to 
0.0056 ppm Cu, may also be chronically impacted since the predicted RQ is less than 
the long-term level of concern (1.0). Approximately 20% of the tested fish species 
may be adversely impacted by chronic exposure to copper sulfate based on exposure 
rates of 0.062 ppm Cu. However, based on the risk assessment, chronic impact only 
seems likely in soft water. Furthermore, the work of Harrison (1986) indicates that 
water hardness has less of an impact on long-term (chronic) toxicity than on short-
term (acute) toxicity; the chronic toxicity in soft water and in hard water are often 
quite similar. The results from chronic laboratory studies have been verified in the 
field primarily by observing that chronic field exposure has an adverse impact on 
species diversity and dominant species present. Recovery of species diversity and 
dominant species may take several years after copper sulfate treatment ceases. For 
example, it took several years for fish populations to recover after cessation of 
treatment at the Fairmont Lakes (Hanson and Stefan, 1984). Death was caused by 
the accumulation of copper-induced mucous on fish gills, the clogging of fish gills by 
dead algae and the reduction of the dissolved oxygen concentration by the 
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decomposition of dead algae. Similar field effects were observed in a number of 
Wisconsin Lakes treated with heavy applications of copper sulfate to control 
swimmers itch, at concentrations that exceed the predicted safety limits, or whole 
lake treatments that induced low dissolved oxygen levels 4 days after treatment 
(Wisconsin, Department of Natural Resources, 1990). The only other herbicide which 
caused fish-kills in these Wisconsin Lakes was Hydrothol® 191, which is known to be 
toxic to fish in field situations at concentrations that range from ~0.2 to 0.5 ppm c.e. 
(Wisconsin DNR, 1990 and Finlayson, 1980). With protracted use of copper sulfate, 
roughfish often become a serious problem even though they have been removed by 
rotenone poisoning and the lake restocked primarily with panfish and gamefish. 
Three years after restocking, the roughfish:panfish:gamefish ratio (34:36:30) was 
excellent. However, by 1977, due to treatment with copper sulfate, this ratio had 
reverted to the ratio seen prior to restocking (79:18:1). Fortunately, this ratio 
improved to 61:33:6 in just 2 years after copper sulfate treatments were suspended 
and remained improved for another 2 years. Nevertheless, in lakes that had never 
been treated with copper sulfate like Wilmert Lake, and South Silver Lake, these 
ratios remained excellent ranging from 1:9:90 to 11:21:68, respectively. In addition 
to effects on salmon smoltification and migration, chronic exposure of fish 
populations to copper sulfate can cause signs of stress (changes in the biochemical 
and histopathology) at very low concentration (0.0085 to 0.017 ppm Cu) in 
salmonids like Eastern brook trout and adverse impact effects on growth in fathead 
minnow and effects on the early life stage. Furthermore, effects on growth and 
development, and immune suppression may be seen at concentrations of copper 
sulfate that develop after equilibrium has been reached (e.g. 0.002 to 0.0054 ppm 
Cu) in brown trout, Chinook salmon, sucker (Catostomus sp.) and rainbow trout, and 
may be predicted to occur based on the LC50/(acute/chronic ratio) in many other 
species including cutthroat trout, steelhead trout, northern squawfish, emerald shiner 
and summer flounder (Table 23B). There appears to be a limited number of species 
that will be chronically affected by the effects of copper sulfate, which tends to 
support the observations of Lenwood Hall (personal communication, 2000) and 
Sanchez and Lee (1978). Sanchez and Lee (1978) found no evidence of long-term 
(chronic) impact in Lake Monona from the use of copper sulfate for algae control. It 
was observed that Lake Monona provided excellent sports fisheries within 2 years 
after the use of copper sulfate to control algae ceased. Furthermore, Gangstad 
(1978) found no observable adverse impact on bluegill sunfish, largemouth bass of 
channel catfish for 8 weeks after treating a growth pool with copper sulfate at rates 
up to 1.0 ppm Cu or copper sulfate plus diquat at rates up to 1.0 ppm Cu plus 1.0 
ppm c.e. This treatment site may have been able to adsorb copper extensively due to 
the addition of artificial sediment consisting of 50% sand and 50% peat. Peat is 
known for its high cation exchange capacity, high organic carbon content and high 
humic substance content, which are all known for their ability to adsorb copper. 
Other field data indicate that chronic exposure to copper at concentrations that 
range from 0.013 to 0.0339 ppm Cu, will decrease bluegill sunfish populations and 
that the incidence of structural deformities will increase (Harrison, 1985). Similar 
concentrations (LOEC = 0.0317 to 0.043 ppm Cu; estimated NOEC = 0.016 to 0.022 
ppm Cu) have decreased the standing crop of larval brook trout, brown trout, 
rainbow trout, white sucker, herring and smallmouth bass. These concentrations are 
similar to those that may be found under chronic exposure conditions in soft water. 
So, whether or not a chronic impact is likely to occur at typical use rates of copper 
sulfate in soft water is still open to question and remains a concern particularly in 
those water bodies that are continuously treated with copper sulfate. However, 
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Gangstad (1986) noted that lotic systems (irrigation conveyances) treated 
continuously with copper sulfate at rates up to 0.200 ppm Cu may not be chronically 
impacted. For example, in Farmers Ditch (Colorado) after the end of each irrigation 
season, yellow perch, minnows, carp and a few trout, in good condition, were found 
in reaches of this irrigation canal that had been contiguously treated with copper 
sulfate. This data tends to indicate that long-term effects of copper may be water 
body specific as was found for short-term effects. Fish appear to be able to adapt to 
fairly high levels of copper sulfate. For example, Lett et al (1976) found that high 
treatment rates of rainbow trout with inorganic copper salts in hard water initially 
depressed feeding (at 0.1 to 0.3 ppm Cu) and/or growth (at 0.075 to 0.225 ppm Cu), 
but after 40 days of exposure, feed consumption and growth was similar to the values 
observed in untreated controls. The chronic effects of the commercial copper-
complexes have not been tested on fish. For the Copper-EDA compounds, like 
Komeen® and Nautique™, chronic toxicity cannot be predicted from the 
LC50/(acute/chronic ratio) since the RQ (0.51 to 1.0) for the most sensitive species 
(rainbow trout) is less than or equal to the long-term level of concern (1.0) even in 
soft water. The acute toxicity of copper sulfate is much greater in sensitive salmonid 
species like cutthroat trout, steelhead tout and Chinook salmon and Atlantic salmon 
than in rainbow trout. Therefore, the chronic toxicity of Komeen® on sensitive 
salmonids cannot be entirely understood without conducting early life stage studies 
and/or chronic juvenile exposure studies. However, since the dissipation half-lives of 
the copper-TEA complexes like Cutrine®, K-Tea™, Copper Control® or Captain™ 
is so much longer than the dissipation half-life of the copper-EDA complexes, it is 
estimated that the most sensitive species of fish like rainbow trout, striped bass and 
channel catfish would be adversely impacted by treatment of the copper-TEA 
complexes at 0.5 ppm Cu. Furthermore, higher concentrations (1.0 ppm Cu) of these 
copper-TEA complexes may adversely impact less sensitive species of fish like sunfish 
(Lepomis spp.) even in hard water. This conclusion was reached based on predicted 
RQ values that are greater than the level of concern (1.0) for chronic exposure. 
When the RQ >1.0, it is assumed that there will be chronic adverse impacts that 
affect reproduction, development and growth unless early life stage studies or field 
data indicates that a chronic impact does not occur.  

 
Aquatic invertebrates are as or more sensitive than fish to the effects of inorganic 
copper salts including copper sulfate (Tables 8A, 19 and 23A). In soft water, almost 
all species of invertebrate are acutely sensitive to the inorganic copper salts and 
classify this toxin as very highly toxic (LC 50 <0.1 ppm Cu) to highly toxic (LC50 = 
0.1 to 1.0 ppm Cu). Approximately 25 of the tested species have LC50s of 0.0027 to 
0.1 ppm Cu. These copper sulfate concentrations are low enough to produce an acute 
risk quotient that exceeds the short-term high-level of concern in soft water and 
seawater. Therefore, it is likely that the aquatic invertebrates exposed to all typical 
use rates (0.0625 to 1.0 ppm Cu) in soft water will be affected and that use of copper 
sulfate as a restricted use herbicide will not mitigate its effects on aquatic 
invertebrates. Another 25 of the tested species have acute LC50s that range between 
0.1 and ~0.3 ppm Cu in soft water and seawater, which produces risk quotients that 
exceed the short-term low level of concern (0.1) but not exceed the short-term high 
level of concern (0.5). These tests indicate that about half of invertebrate biota 
should be protected from the acute effects of copper sulfate if it is applied as a 
restricted use compound to soft water or seawater at rates of 0.062 ppm Cu. In 
intermediately hard to hard water and in some seawater tests, approximately 20 
species have an acute LC50 to copper sulfate that ranges from 0.3 to 36.0 ppm Cu. 
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This portion of the invertebrate biota is not likely to be adversely impacted by copper 
sulfate used at standard use rates ranging from 0.062 to 0.125 ppm Cu. In soft water, 
the most sensitive species of aquatic invertebrate are cladocerans (LC50 = 0.0027 to 
~0.02 ppm Cu), Gammarus spp. (LC50 = ~0.02 ppm Cu), branchiopods like 
Streptocephalus proboscideus (LC50 = 0.039 ppm Cu), fresh water clams like 
Corbicula spp. (LC50 = 0.025 to 0.040 ppm Cu), various pond snails including 
Lymnaea acuminata, Physa integra, Biomphalaria globrata, Physa heterotropha 
(LC50 = 0.034 to 0.069 ppm Cu) and Hyalella azteca (LC 50 = 0.066 ppm Cu). Some 
of these same species are not strongly affected in hard water by copper sulfate; these 
include Gammarus spp.)(LC50 ~0.11 to 0.37 ppm Cu), branchiopods (LC50 = 0.13 
ppm Cu) and pond snails (LC50 ~0.3 to 0.56 ppm Cu) and freshwater clams (LC50 = 
>2.7 ppm Cu). Other species including bryozoans (Lophopodella carteri and 
Pleumatella emarginata and Pectinella magnifica), Northern Crayfish, (Orconectes 
rusticus and O. limosus), red swamp crayfish (Procambarus clarkii), Cyclops spp. 
and various molluscs and annelid worms appear to be unaffected by copper sulfate in 
hard water at very high rates (LC50:0.14 ppm Cu to 36.0 ppm Cu). Although copper 
sulfate is extremely toxic to aquatic invertebrates in soft water and much less toxic in 
hard water, this is not always the case. A few species are virtually unaffected by 
copper sulfate even in soft water. These include bloodworm larvae (LC50 = ~0.3 to 
1.7 ppm Cu) and stonefly larvae (LC50 = 8.3 ppm Cu), Campolema decisum (LC50 
1.7 ppm Cu) or Lumbriculus variegatus (LC50 = 0.15 ppm Cu). It is likely that those 
species not strongly affected by copper sulfate either have the ability to exclude 
copper (some operculate snails and bivalves), do not readily adsorb copper or 
sequester copper within their hepatopancreas in the form of metallothionein or 
metalloproteins (stoneflies and bloodworm larvae) or are less exposed to direct 
contact due to their habits (Lumbriculus variegatus). Conversely, some species of 
aquatic invertebrates appear to be susceptible to copper sulfate even in hard water 
and these include a non-operculate snail (Potamopyrgus jenkinsi).  

 
Extensive acute toxicity data has not been collected for the commercial copper-
complexes. However, on the only product that has been tested (Cutrine®), it has been 
found to be much less toxic than the inorganic copper salts in soft water, hard water 
and seawater. For example, Cutrine® does not appear to be toxic (LC50 = ~10.0 to 
16.4 ppm Cu) in either soft water (15 ppm CaCO3) or hard water (140 ppm CaCO3) 
on freshwater ostracods (Cypria sp.), cladocerans (Alonella sp.), calanoids 
(Diapotomus spp.) and cyclopids (Eucyclops spp.). Furthermore, marine/estuarine 
species are also not strongly effected by copper sulfate with the LC50 ranging 
around 4.8, 19 and 156.0 ppm Cu for grass shrimp (Palemonetes pugio), blue shrimp 
(Penaeus stylirostris) and fiddler crab (Uca pugilator), respectively. Since the 
expected short-term time-weighted (4-day) EEC for Cutrine® is estimated to be 0.8 
ppm Cu, it is not anticipated that Cutrine® at rates up to 1.0 ppm Cu will adversely 
impact the tested species. However, additional work with copper-EDA complexes 
(Komeen® and Nautique™) and other copper-TEA complexes (Clearigate®, K-
Tea™ and Captain™) need to be conducted to fully define the acute toxicity of the 
commercial copper-complexes against aquatic invertebrates.  

 
Field studies appear to verify that copper sulfate is acutely toxic to aquatic 
invertebrates under some conditions but not others. For example, standard treatment 
rates with copper sulfate (0.5 ppm = 0.125 ppm Cu) have completely destroyed 
limnetic zooplankton in freshwater lakes like Lake Jesse (New York) and in estuarine 
lakes like Lake Maracaibo (Venezuela) (Smith, 1935 and de Zambrane, 1979). 
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However, Neururer (1972) noted that if copper sulfate is used judiciously at rates 
high enough to control 90% of the aquatic vegetation, a 10-fold safety factor at the 
LC10 level occurs. This safety factor should provide a margin of safety that is high 
enough to protect many sensitive species that are important components of the food 
web (Neururer, 1972). The killing of aquatic invertebrates may adversely impact 
juvenile fish that depend on them for the main portion of their diet. However, most 
fish will switch to other invertebrate foodstuffs when their preferred food stocks are 
eliminated. Very little work is available on the acute effects of Cutrine® on 
invertebrate species in the field. However, zooplankton like Brachionus spp. and 
Cyclops spp. remained unaffected by treatment with Cutrine® applied at rates that 
will control blooms of blue-green algae and diatoms [(2.0 ppm Cutrine® = 0.16 ppm 
Cu) (Patnaik, 1980)]. 

 
The potential for chronic adverse impact that affects the reproduction, development 
and growth of aquatic invertebrates may also occur due to treatment with copper 
sulfate at standard use rates (Tables 21 and 23B). In some cases, particularly in 
seawater, aquatic invertebrates like the clam (Venerupis deussata) (MATC = 0.0007 
ppm Cu) and the brine shrimp (Airtime saline) may be chronically effected by 
exposure to copper at concentrations (0.0001 to 0.004 ppm Cu) that are typically 
found in seawater (Brown, 1980 and EPA working Group, 1980). A chronic toxicity 
for copper sulfate is likely to be seen under soft water conditions since the estimated 
long-term EEC or long-term equilibrium concentration in soft water is ~0.02 and 
0.010 ppm Cu, respectively. The MATC or NOEC values for sensitive species like 
Ceriodaphnia dubia, Oncorhynatus susticus, and Gammarus spp. are approximately 
0.004 ppm Cu. Since this MATC value is less than the long-term EEC or long-term 
equilibrium concentration, it is anticipated that the aquatic invertebrate segment of 
the biota will be adversely impacted in soft water. Other species for which the MATC 
was estimated in soft water from the LC50/(acute/chronic) to be less than 0.01 to 
0.02 include various freshwater species tested in soft water and estuarine/marine 
water like Daphnia spp., Gammarus spp., Crassostrea gigas, Mytilis edulis and 
possibly Corbicula spp. Since in these cases the estimated chronic RQ (1.6 to 10.6) is 
greater than the long-term level of concern (1.0), it is likely that copper sulfate will 
have effects on reproduction, development and growth in these species and similarly 
sensitive species under soft water and seawater conditions. Under hard water 
conditions, none of the aquatic invertebrate species tested were sensitive to copper 
sulfate since the long-term chronic EEC and long-term equilibrium concentrations 
are 0.0068 and 0.0038 ppm Cu and the most sensitive test species (Biomphalaria 
globrata) had an estimated MATC of 0.017 ppm Cu. The most sensitive species for 
which the chronic MATC was measured in hard water was the fresh water decapod 
(Macrobranchium sp.) with an MATC = 0.049 ppm Cu, which is well above the long-
term EEC in hard water. Therefore, aquatic invertebrates are not likely to have their 
reproduction, development or growth effected by exposure to copper sulfate at rates 
of 0.062 to 0.125 ppm Cu in hard water. Estimates of the chronic MATC for 
Cutrine® range from 4.1 to 0.65 ppm Cu which are well below the estimated long-
term EEC value of 0.3 ppm Cu. Since the chronic risk quotient (0.0046 to 0.15) is 
well below the level of concern (1.0), it seems unlikely that the tested invertebrate 
species and species with similar sensitivities to Cutrine® will be chronically 
impacted by this Copper-TEA complex. 

 
There have been arguments made that the presence of sediment reduces the toxicity 
of copper by binding it tightly and making it biologically unavailable. Both amount 
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and kind of sediment present can impact the toxicity of copper herbicides. For 
example, in the laboratory the presence of sediment at 200 grams in three liters of 
water decreased the toxicity of Komeen® to the apple snail. In the absence of 
sediment, the LC50 of Komeen® to the apple snail was 0.024 to 0.057 ppm Cu. 
However, when sediment was present, the LC50 of Komeen® to the apple snail 
increased to 0.190 to 4.7 ppm (Winger et al, 1984). Hoess et al (1997) reported that 
in the absence of sediment the toxicity of copper sulfate to the nematode 
(Caenorhabditis elegans) is very high. Furthermore, the toxicity of copper sulfate was 
much lower (NOEL = 63.5 ppm Cu) when natural sediment with a finer particle size 
was present than (NOEC 11.3 ppm Cu) when synthetic sediment with a course 
particle size was present (Hoess et al, 1997). The toxicity of copper sulfate on 
Hyalella azteca may be very high (LC50 = 15.9 ppm Cu) on sediment with a high 
sand fraction (>95%), a high redox potential (+125 mV) and a low carbon content 
[0.02% (Deaver and Rodgers, 1996 in Huggett et al, 1999)]. However, the toxicity of 
copper sulfate to H. azteca on sediment was much lower (LC50 = 262 ppm Cu) on 
sediment with a high silt fraction (80%), a lower redox potential (+4.0 mV) and a 
high organic carbon content [1.7%Cu (Suedel et al, 1996 in Huggett et al, 1999)]. In 
an aquatic ecosystem, which phase of the system has a greater impact on the aquatic 
organisms present depends on the amount of copper in the overlying water, the pore 
water and the sediment and the living habits of the exposed organisms. For example, 
the concentration of copper in the overlying water has the greatest impact on 
survival of free-swimming species like Ceriodaphnia dubia and Daphnia magna, while 
the concentrations in the pore water may have a greater impact on species like 
Hexagenia limbata and Hyalella azteca that typically occupy the interstitial spaces in 
the sediment. Species like Chironomus tentans and Lumbriculus variegatus, that 
actually come in direct contact with the sediment or consume contaminated sediment, 
may be most strongly impacted by the concentrations of copper within the waste 
sediment (Suedel et al, 1996 and Bennett and Cubbage, 1992). The ability of the 
various phases of the aqueous system to intoxicate is often very high in overlying 
water (LC50 = ~0.09, 0.080 and 0.047 ppm Cu for) C. dubia, D. magna and H. 
azteca, respectively. However, for those animals exposed to copper through the pore 
water the toxicity may be much lower (LC50 = ~0.440 ppm Cu) for Hexagenia 
limbata and Hyalella azteca. Furthermore, for those species exposed to copper by 
direct contact with the sediment the toxicity may be very low (1,900 ppm Cu) for 
Chironomus tentans. This may have a direct correlation with the lability of the 
copper in the different phases of the aqueous system. The toxicity would be expected 
to be highest in soft, low alkalinity overlying water since the amount of suspended 
sediment and chelating agents would be expected to be relatively low in this phase. 
Since the pore water may contain a considerable amount of dissolved organic 
material and chelating agent, it is expected that the toxicity of copper in pore water 
would be less than in overlying water. Finally since the sediment may contain high 
levels of sulfides, humic material, organic carbon and various other chelating agents, 
copper may be virtually non toxic on sediment if the right conditions occur. 

 
It is expected that the chronic impact from field exposure to copper products would 
be very high. Very high concentrations of copper (1.7 to 2.0 ppm Cu) may destroy the 
zooplankton. At the highest rates (1.0 to 2.0 ppm Cu) species like Daphnia pulex may 
be eliminated for more than 60 days, which could cause adverse impact due to 
insufficient diet on fish of economic importance (Taub et al, 1986). Lower 
concentrations (0.5 to 1.7 ppm Cu) may eliminate certain species from a treated 
water body or cause a delay of 10 to 20 days in the development of maximum 
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populations. However, as was discussed by Hawkins (1988), treatment at rates as 
high as 1.7 ppm Cu killed almost the entire invertebrate plankton population. 
However, the rotifer (Brachionus calcyferous) reappeared in the treated water body 
14 days after treatment and cladocerans and copepods displaced the pioneer rotifers 
approximately 1 month after treatment. Treatment at very high rates may cause 
sensitive species like Simocephalus vetulus to be eliminated and unable to recover 
without re-inoculation of the treated aquatic ecosystem after the copper 
concentrations have dropped below levels that may have acute and/or 
chronic/impact. Compliance Services International (CSI) has indicated that 
inorganic copper salts will have toxic chronic effects in soft water on both 
invertebrates and fish at all typical application concentrations (0.062 ppm to 1.0 ppm 
Cu). This would appear to be verified by the risk assessment done by Biesinger and 
Christensen (1972) who found that safe levels of inorganic copper salts were 0.0046 
to 0.008 ppm Cu in Gammarus pseudolimnaeus, 0.022 ppm Cu in Daphnia magna, 
0.0106 in fathead minnow and 0.0095 ppm Cu in the Eastern brook trout (Salvelinus 
fontinalis). 

 
Very little field data has been done that indicates the degree of safety that 
commercial copper-complexes will provide. However, Rodgers et al, (1992) indicate 
that Komeen® plus diquat (0.4 plus 0.4 ppm) does not harm aquatic invertebrates 
like zooplankton, insects and molluscs.  

 
Field data also indicates that chronic exposure through contact with contaminated 
sediment (170 to 5,600 ppm Cu) can completely eliminate benthic organisms, 
decrease the species diversity or change the dominant organisms in water. 
Populations and diversity of benthic invertebrates may be eventually restored if the 
contaminated sediment is removed by dredging or is covered over by untreated 
sediment during natural siltation processes (Hanson and Stefan, 1984 and Sanchez 
and Lee, 1978). 
 
Algae, macrophytes, zooplankton, annelids, mollusc, crustacean, insects and fish 
generally bioaccumulate copper. This bioaccumulation can be very high. For 
example, algae bioaccumulate copper at concentrations that are 21,000- to 27,000-
fold higher than is found in the water column. Many macrophytes and algae 
accumulate copper at very high concentrations. Typical bioaccumulation in algal 
species ranges from 85- to 553-fold in marine species and 2000- to 4,000-fold in 
freshwater species (Riley and Roth, 1971 in ACP, 1999). While many species of 
aquatic macrophytes do not readily accumulate copper in their tissue, some species 
like Potamogeton foliosus and P. pectinatus can accumulate copper at concentrations 
of up to 4,000 ppm. Aquatic invertebrate species like zooplankton, annelids, 
molluscs, crustaceans and insects may accumulate copper at concentrations that 
range from 80- to 35,000-fold. Some fish may accumulate copper extensively in their 
tissues (1- to 700-fold). However, species that are preferred as food by people (e.g., 
catfish and rainbow trout) generally do not accumulate copper in their muscle tissue 
at concentrations that will have an adverse impact on human health (Griffin et al, 
1997 and Bohl et al, 1982). Copper concentrations can be fairly high in the liver of 
catfish or rainbow trout and this accumulation of copper in the liver can influence 
the growth rate of catfish and rainbow trout (Majewski et al, 1978 and Perkins et al, 
1997). Although copper accumulates in plants and animals, it does not biomagnify as 
it moves up the trophic levels. For example, Krumholz and Foster (1957) found that 
the highest bioaccumulation of copper occurs in phytoplankton (2,000-fold) and 
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filamentous algae (500-fold) while predators like fish typically accumulate copper at 
levels of only 50-fold over the concentration found in surrounding water. 
Furthermore, Mathis and Cummings (1973) found that the concentration of copper in 
the tissue of predatory fish (70- to 190-fold) is generally lower than that seen in 
omnivorous fish (170- to 290-fold). Animals lower on the food chain like clams and 
tubifex worms accumulated copper at concentrations (1,200- to 23,000-fold) that are 
very much higher than is found in the surrounding water but may be similar to that 
found in the sediment with which they are directly connected or dug in .  
 

Conclusion: 
 
Inorganic copper salts, including copper sulfate, will have significant acute impact on 
fish and aquatic invertebrates in soft water. Typical use rates (0.062 to 1.0 ppm Cu) 
will often cause mortality in fish and aquatic invertebrates when they are exposed to 
copper sulfate in soft water. Some species of fish, like green sunfish (LC50 = 0.85 ppm 
Cu) and American eel (2.87 ppm Cu), may not experience toxic effects from copper 
sulfate even when exposed in soft water. However, most of the tested fish species were 
not adversely impacted in laboratory hard water tests at rates that would be typically 
found as a short-term time-weighted EEC (0.034 ppm Cu). Salmonids seem 
particularly sensitive to copper sulfate and inorganic copper salts may be toxic to 
rainbow trout and other salmonids in either hard or soft water with LC50s ranging 
from 0.016 to 0.067 ppm Cu in soft water to 0.034 to 0.367 ppm Cu in hard water. It is 
apparent that the margin of safety between the short-term EEC (0.048 ppm Cu in soft 
water and 0.034 ppm in hard water) and the LC50 is insufficient to protect salmonids 
(Serdar, 1995). Aquatic invertebrates appear to be even more sensitive than fish to the 
effects of inorganic copper salts, including copper sulfate, in soft water. Field data 
indicates that the use of copper sulfate at standard field rates (0.5 ppm = 0.125 ppm 
Cu) to control algae will not generally adversely impact aquatic macrophytes but are 
often toxic to limnetic zooplankton and fish (Smith, 1935 and de Zambrane, 1979). 
Copper sulfate may also affect reproduction, development and growth. The safe 
concentration of copper in a soft water body or a water body that has low apparent 
copper chelation capacity may be 0.0095 to 0.046 ppm Cu for fish and 0.0046 to 0.022 
ppm Cu for invertebrates (Demayo, 1982 and Biesinger and Christensen, 1972). 
Typical long-term time-weighted EEC values in soft water range around 0.005 to 0.017 
ppm Cu and the long-term equilibrium concentration ranges around 0.01 ppm Cu. 
Therefore, it seems likely that the more sensitive species will be impacted by chronic 
exposure to copper sulfate. In hard water or water that has a high apparent copper-
complexation capacity, the safe level of exposure for fish to inorganic copper salts can 
be as high as 1.1 to 1.7 ppm Cu (Demayo et al, 1982). Therefore, it seems likely that the 
safe use of copper sulfate to control algae or aquatic vascular plants is water body 
specific. Field data indicates that copper sulfate treatment rates as low 0.23 to 0.53 ppm 
(0.0575 to 0.13 ppm Cu) may cause extensive fish-kills if walleye pike or bullhead 
catfish are present (Hanson and Stefan, 1984). However, much higher concentrations 
of copper sulfate (1.0 ppm Cu) or copper sulfate plus diquat (1.0 plus 1.0 ppm Cu) may 
not effect bluegill sunfish, largemouth bass or channel catfish for up to 8 weeks after 
treatment (Gangstad, 1978). The commercial copper-complexes are much less toxic 
than the inorganic copper salts. The copper-EDA complex (Komeen®) does not appear 
to be acutely or chronically toxic to most species of fish when applied at rates of 0.5 to 
1.0 ppm Cu. However, the margin of safety of this product on salmonids like rainbow 
trout is not sufficient. Therefore, the use of Komeen® to control or suppress Hydrilla 
verticillata or other aquatic vascular plants when salmonids are present is a 
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questionable practice. However, 29 to 100 days after field treatment with Komeen® 
plus diquat at rates ranging from 0.3 plus 0.3 to 0.4 to 0.4 ppm, no significant effects 
were seen on sports fish or gastropods and it is generally considered to be safe at these 
concentrations to other non-target species like zooplankton and insects (Rodgers et al, 
1992 and Baine and Boltz, 1992). Other commercial copper-complexes like Cutrine®, 
K-Tea™ or Copper Control® may be toxic in soft water to sensitive species like 
rainbow trout, striped bass, and channel catfish when applied at rates of 0.5 ppm to 1.0 
ppm Cu. These products may also be toxic to less sensitive species like sunfish 
(Lepomis sp.) in soft water if they are not applied under a restricted use label. 
However, these products do not appear to be toxic to most species of fish when they are 
applied to hard water. Nevertheless, even when they are applied to hard water, certain 
species of salmonids may be adversely impacted if these products are applied at rates of 
0.5 ppm to 1.0 ppm Cu. Therefore, the copper-TEA complexes should also not be 
applied for the control of Hydrilla verticillata or other aquatic vascular plants when 
sensitive species like salmonids, striped bass, catfish, koi or goldfish are present, and 
these precautions are specified in the labels, particularly if the application site contains 
soft water (<50 ppm CaCO3). The copper-TEA complexes are of special concern and 
may not be suitable for the control of algae or aquatic vascular plants unless 
significant fish-kills are acceptable. The commercial copper products often do not 
affect long-term control of algae and often render only partial control of Hydrilla 
verticillata and algae. Furthermore, these commercial copper products are 
unpredictable in their toxicity to fish (LC50= 0.002 to 2,000 ppm Cu) and may 
bioaccumulate on benthic organisms that are low in the food chain. Therefore, 
Maine’s Department of Environmental Protection has recommended that the use of 
commercial copper products be discontinued. Other states like Wisconsin (Wisconsin 
DNR, 1990 and Daniel, 1972) and Minnesota (Hanson and Stefan, 1984) recognize the 
fish-kill risk from using these products alone or in combination with diquat. These 
fish-kills may be due to the direct toxic effects of these commercial copper products or 
significant decreases in the dissolved oxygen content of the water caused by the 
anaerobic decay of treated algae and vascular plants (Stefan and Hanson, 1984, EPA, 
1985, Wisconsin DNR, 1990 and Daniel, 1972). While copper bioaccumulates in algae, 
aquatic macrophytes, invertebrates and fish, it does not biomagnify as it moves up the 
trophic levels. Furthermore, in fish that are commercially popular, the concentration 
of copper typically found in fish muscle is not high enough to be a human health 
problem (Griffin et al, 1997 and Bohl et al., 1982). Crop plants do not appear to 
accumulate copper in their tissues after irrigation with water that has been treated with 
copper providing that the total copper concentration in the irrigation water does not 
exceed 1.0 ppm Cu. However, some investigators believe that if irrigation water 
contaminated with copper is used on sensitive plants or in repeated irrigation events, it 
should be used only if the total copper concentration is not higher than 0.2 ppm Cu 
(Demayo et al, 1982). However, aquatic vascular plants that are effected by commercial 
copper products may accumulate copper at very high levels with Potamogeton 
pondweeds being particularly effective in accumulating copper in their tissues (Hanson 
and Stefan, 1984). Furthermore, the treatment rates listed in the labels (See Volume 6 
Section 1) should control the species listed in the label. Copper sulfate, Cutrine®, K-
Tea™, Clearigate® and Captain™ are primarily used to control algae species and may 
be effective in controlling algae at rates ranging from 0.0625 to 0.5 ppm Cu for copper 
sulfate, 0.2 to 0.4 ppm Cu for Cutrine®, 0.2 to 1.0 ppm Cu for K-Tea™, 0.1 to 0.8 ppm 
Cu for Clearigate® and 0.2 to 0.4 ppm Cu for Captain™. All of the commercial 
copper-complexes including the copper-EDA complexes like Komeen® and 
Nautique™ and the copper-TEA complexes like Cutrine®, K-Tea™, Clearigate® and 
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Captain™ are registered for the control of Hydrilla verticillata at rates that typically 
range from 0.4 to 1.0 ppm Cu. The lower rates are typically used early in the season 
when the weed density is low and the higher rates are used later in the season when the 
weed density is high. Clearigate®, Komeen® and Nautique™ may be used to control 
Hydrilla and suppress other species of aquatic weed including Brazilian elodea 
(Egeria densa), American waterweed (Elodea canadensis), watermilfoil 
(Myriophyllum sp.), Naids (Najas sp.), Potamogeton pondweeds and other aquatic 
vascular weeds at rates that range from 0.5 to 1.0 ppm Cu. Some concern has been 
expressed (Hanson and Stefan, 1984h Heubert et al, 1993; Lembi et al, 1984 and 
Daniel, 1972) that species that have not been pests in the past may become dominant 
after treatment with commercial copper products due to the development of resistance 
to copper, lack of competition with other weeds and algae or lack of long-term 
effectiveness. Copper should not be used in attempts to control species of aquatic weeds 
or algae that are not specified on the label. Although laboratory and field data 
indicates that copper sulfate may be toxic to the more sensitive species of crustacean 
and annelids (cladocerans, copepods, rotifers, amphipods and tubificids), it is believed 
that other species will be substituted by fish as part of their diet so that there should be 
minimal impact to fish that typically use these species of invertebrates for food. 
Furthermore, judicious use of the copper sulfate, so that the control level on target 
vegetation is not higher than 90%, may spare those species of invertebrates that are 
important in the diet of commercially important fish (Neururer, 1992). Those species of 
aquatic invertebrates that are important to the food chain but are killed by standard 
use rates of copper sulfate will typically return to the water body in significant numbers 
within 2 weeks to a month after treatment with copper sulfate (Hawkins, 1988). 
However, during the time when foodstuff is low, fish may experience stress, but this 
stress may not be as high as that caused by the presence of high counts of toxic algae, 
extremely dense weed cover or the presence of parasites that copper sulfate has been 
applied to control. 
 
In general, the toxicity of commercial copper products to fish and invertebrates is 
expected to be as follows: 
 
Copper Sulfate > Clearigate® > K-Tea™ ≅ Cutrine® ≅ Captain™ >Nautique™ ≅ Komeen®   
 
Because of the toxicity of the commercial copper products, they should not be applied 
to soft water (<50 ppm CaCO3) and may be less effective in controlling algae and 
aquatic vascular plants in intermediately hard to very hard water (>150 to 400 ppm 
CaCO3). 
 
Due to the antagonistic effects from low pH, copper products are likely to be less 
effective in controlling algae and aquatic weeds when applied to water with a pH of 
less than 6.0. Furthermore, the commercial copper complexes (Komeen®, Nautique™, 
Cutrine®, K-Tea™, Clearigate® and Captain™) should not be applied for control of 
algae or aquatic weeds when the pH is less than 6.0 since these chelates are unstable at 
this pH and cupric copper (Cu2+) may be immediately formed and removed from 
solution by precipitation under these conditions (Beste, 1983). 
 
Commercial copper products may be extremely toxic to fish and invertebrates at high 
temperatures. However, they may be ineffective in controlling algae and aquatic 
vascular weeds at temperatures that are less than 60°F (Beste, 1983 and commercial 
labels). 
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Total and dissolved copper concentrations have little relevance in determining the 
toxicity of copper products to fish and invertebrates. Only labile or free copper [Cu2+, 
CuOH+, Cu2(OH)2

+, and Cu(OH)2)] and other forms that are readily converted to 
cupric copper have high toxicity to fish and invertebrates. Therefore, laboratory 
toxicity tests may not accurately predict the toxicity of copper products when they are 
used in the field. Commercial copper products should be tested for toxicity in water 
taken from the site where they will be applied, during the season in which they will be 
applied, against the more sensitive species that are likely to be found at that site in 
order to effectively predict their toxicity. However, most aquatic algae and weed control 
specialists find these “stream side tests” to be a great burden and not practical when 
algae and weed control is immediately necessary for the protection of the beneficial 
uses of a water body. 

 
4.01 Objective 
 

The purpose of this section is to update the environmental toxicity data and to use this 
data to assess the potential risks to wildlife and the environment from using copper 
products. When wildlife is discussed, the organisms referred to include aquatic and 
terrestrial plants and animals, and microorganisms including algae, bacteria, and fungi. 

 
4.0.2 Study Approach 
 
4.0.2.1 Information Compilation 
 

In order to collect appropriate information regarding wildlife toxicology, several sources 
of information were used. Access to data from the registrants was largely unavailable 
except for the Copper Sulfate Registration Standard (EPA, 1985). Therefore, review 
articles like Harrison (1986), Demayo et al (1982), Reinert and Rodgers (1987) and 
Ecology (1982, 1989, 1991/1992 and 2000/2001) were used to collect abstracted older 
data. Peer-reviewed published sources were used to collect current data. Other sources of 
acute and chronic toxicity data include literature searches with the Dialog Online 
Database for peer-reviewed journal articles and compilations of data in the form of 
literature reviews. Similar compilations of EPA data were also searched such as EPA’s 
Brian Database (1999) and EPA’s ECOTOX Database (1999). These are online databases 
for retrieval of data submitted to support registration (Brian Database, 1999) and data 
from peer-reviewed journals used as supplemental material to be used for risk assessment 
and evaluation (ECOTOX Database, 2000). 

 
The US EPA and Washington’s Department of the Ecology (Ecology) use these data for 
the following evaluations: 
 
• To establish acute toxicity levels of active ingredients to test organisms 

 
• To compare toxicity information with measured or estimated pesticide residues in the 

environment in order to assess potential impacts to fish and wildlife 
 

• To provide data which determine the need for precautionary label statements and 
permit requirements in order to minimize potential adverse effects to wildlife and 
aquatic organisms 
 

Supplemental Environmental Impact Statement Assessments of Aquatic Herbicides: 
DRAFT Volume 6 – Copper, Section 4 – ENVIRONMENTAL EFFECTS 

Vol. 6, Sect. 4 – Page 21 



 

• To indicate the need for further laboratory and field studies to support regulatory 
decisions 

 
If an adverse impact is noted in the basic data, additional studies are conducted and 
evaluated to determine the effects of the product on sensitive species and sensitive stages 
of those species. These studies typically take the form of long term chronic, early life 
stage, reproductive effects and life-cycle effects. These studies take into account the 
toxicity of the product and compare that toxicity with expected environmental 
concentrations. If an adverse impact is noted at levels consistent with environmental 
concentrations, further “field” or laboratory work is necessary to evaluate the acute and 
chronic effects on different organisms. 
 
Although a significant amount of laboratory data is available, results vary considerably 
from laboratory to laboratory because the toxicity of copper sulfate and copper-
complexes varies considerably based on pH, water hardness, water alkalinity, inorganic 
complexing capacity, organic complexing capacity and the kind of bottom substrates that 
are available. In addition, whether overlying water, pore water or sediment has the 
greatest impact on toxicity on sediment organism tests seems to depend on the design of 
the experiment and the organism tested and where the organisms pick up the majority of 
their exposure to cupric (Cu2+) cation. 

 
4.0.2.2 Risk Assessment Methodology 
 

Risk assessment is conducted in a manner similar to that described in EPA (1985), 
Brooks [(1973) in Ebasco (1993)], Ecology (1980,1989 and 1991/1992) and in Urban and 
Cook (1985). For assessment of acute risk, the LC50 is determined for a variety of 
organisms within a class (fish, aquatic invertebrates, algae, other aquatic organisms and 
terrestrial plants, birds and mammals). The LC50 is the concentration at which 50% 
mortality is seen; the LC50 is the “oral” or “dermal” dose at which 50% mortality is seen. 
The relative toxicity of these values is determined in two ways: 1) The EPA has certain 
specific descriptive classifications for inter-chemical comparisons only and these 
classifications do not reflect actual environmental concentrations or hazards to the test 
species. For an example of these classifications please see Table 1; 2) The Acute LC50 or 
LD50 is compared with the Expected Environmental Concentration or Expected 
Environmental Dose (EEC or EED). The Acute Risk Quotient (ARQ) is determined by 
dividing the Expected Environmental Concentration (4-day geometric mean or other 
appropriate evaluation of the EEC or EED) by the laboratory measured acute toxicity (4-
day LC50, LD50). The ARQ is not based on values obtained for a single species but on 
the most sensitive environmentally relevant species in a specific segment of the biota; 
e.g. algae, other microbes, macrophytes, fish, free-swimming aquatic invertebrates, or 
benthic organisms. If the ARQ is <0.1, the evaluated pesticide is generally considered to 
be safe to that segment of the biota for a short duration (generally defined as 4 or 5 days). 
However, many investigators believe that this is an excessively cautious approach and 
that if 90% of the species will not be affected at the 50% level by concentrations that are 
found in 90% of the treated water bodies, the product should be safe to aquatic 
organisms. 
 
Similar calculations are used for an assessment of chronic risk. However, chronic risk is 
based on an exposure period of 7 or more days. Seven days exposure is considered to be a 
short-term chronic risk. Typically 21 to 90 days exposure is considered to be a long-term 
chronic risk. Short-term chronic risk involves the exposure of sac-fry to the toxic 
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substance and long-term chronic risk involves the exposure of newly fertilized egg 
through free- swimming and actively growing fry. The chronic life-cycle test for 
invertebrates involves exposure of newborns through 21 to 28 days when the maximum 
number of F1 newborns will have been deposited. Dividing the 28-day EEC by No 
Observed Effect Concentration (NOEC) or the Maximum Acceptable Toxic 
Concentration (MATC) determines the Chronic Risk Quotient (CRQ). The CRQ is not 
based on the values obtained for a single species but on the most sensitive 
environmentally relevant species in a specific segment of the biota; e.g. algae, other 
microbes, macrophytes, fish, free-swimming aquatic invertebrates, or benthic organisms. 
If the CRQ is <1.0, the evaluated pesticide is generally considered to be safe to that 
segment of the biota for exposures of chronic duration.  
 
To determine how well acute toxicity can predict chronic toxicity, an acute (LC50)/ 
(chronic MATC) was evaluated for species that had both values available. This ratio was 
taken regardless of the quality of the data and then the quality was evaluated. If an 
individual ratio was an extreme outlier, it was discarded for the purposes of assessing the 
acute/chronic toxicity ratio. If extensive chronic data was not available, the acute to 
chronic ratio was used to estimate the chronic toxicity for species where the chronic test 
had not been conducted. 
 
Total copper or dissolved copper is not the toxic component in a water body that has been 
treated with a copper containing herbicides or algaecide. The toxic component in the 
water column is usually considered to be cupric (Cu2+) cation and possibly other labile 
(unstable) copper forms that include inorganic forms like copper hydroxides [CuOH+, 
Cu(OH) 2, Cu(OH)2

 or Cu2(OH)2
2+]. Other labile forms may include certain inorganic 

complexes and organic complexes with an intermediate molecular weight (10,000 to 
<100,000 g/mole) although sometimes higher or lower molecular weight organic 
complexes may also be labile. The concentration of free cupric cation is usually not 
given. In most cases the concentration of total copper or dissolved copper is given; and 
while toxicity will be proportional to total copper or dissolved copper, the investigator 
may not be measuring the species of copper that causes toxicity. 

 
4.1 COPPER 
 

Summary: There are nine registered products containing copper that are in common use 
for controlling aquatic weeds and/or algae in the state of Washington. Triangle Brand® 
Copper Sulfate Crystal, K-Tea™, Captain™, Komeen®, Nautique™, Cutrine-Plus®, 
Cutrine Plus® Granular and Clearigate®. Komeen® and Nautique™ are used primarily 
to control aquatic macrophytes; they are used primarily to control Hydrilla verticillata 
but also suppress the growth of American pondweed, coontail, Egeria, Elodea, Eurasian 
water milfoil, naiads, and Sago pondweed.  In order to determine if these products are 
safe to the biota, organisms with an extensive history of use in pesticide testing are 
evaluated by the registrant for their response to acute and chronic exposure. The most 
sensitive, easily culturable species are selected for testing.  
 
There are currently at least 16 registered formulations of copper for the control of algae 
and aquatic vegetation in the United States. The Washington Department of Agriculture 
registers all 16 copper containing herbicides in Washington State but only nine of these 
products are commonly used. Copper has the potential for high accumulation in sediment, 
and great potential for fish-kills due to direct toxic effects of the herbicide or severe 
hypoxia resulting from the decay of treated plants. Therefore, copper products would 
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typically be used only in situations where wildlife exposure is unlikely or when other 
products are ineffective in controlling weeds or algae that pose a severe health or 
economic threat are present. While registering all nine formulations, Washington State is 
most likely to use products like Komeen® , Nautique™, K-Tea™ and Cutrine®-Plus, 
which seem to be only minimally toxic to fish and wildlife (Warf Institute, 1975, Cutrine 
Fact Sheet, No Date). This review directly addresses the toxicity and potential risk for 
Copper Sulfate, Komeen®, K-Tea™, and Cutrine®. Other products Earth-Tec®, 
Captain™, Nautique™ and Clearigate® did not have toxicity data available for the 
determination of risk. However, the toxicity of these other products can be estimated 
because Earth-Tec® has the same active ingredient as Copper Sulfate Pentahydrate 
Crystal. Captain™ has active ingredients that are similar to K-Tea™. Nautique™ has 
active ingredients that are similar to Komeen®. Clearigate®, while having active 
ingredients similar to K-Tea™ and Cutrine®-Plus, has them in significantly different 
proportions and is more toxic to certain species of fishes (Kannenberg, personal 
communications, 1999 and 2000). However, Masuda and Boyd (1993) suggested that the 
use of copper sulfate pentahydrate is not anymore likely to kill fish than the commercial 
copper-complexes, providing that the concentration of the applied Cu2+cation as copper 
sulfate does not exceed 1% of the total alkalinity. The toxicity of the copper, in the 
copper sulfate and copper-complex formulations, will be addressed to support the risk 
assessment since it is the cupric cation that is the principal toxic agent. However, most 
authors do not distinguish between the toxic species of copper [Cu2+, Cu(OH)+ and Cu 
(OH) 2] and complexed forms when measuring the copper concentration in a test system. 
This is a significant factor in causing laboratory tests to be ineffective in predicting 
copper toxicity in field situations (Harrison, 1986). When copper was originally 
registered for aquatic use, it became apparent that although copper can bioaccumulate to 
fairly high levels in aquatic organisms (Janus et al, 1989, in ACP, 1989), it does not 
biomagnify as it moves up trophic levels (Krumholz and Foster, 1957). In fact, top-level 
predators like fish appear to have concentration factors that are somewhat lower for 
copper than their prey species (phytoplankton, filamentous algae, zooplankton and insect 
larvae). Copper is adsorbed by young rapidly growing fish more rapidly than in mature 
fish and is eliminated as cupric cation or a glutathione conjugate of the cupric cation. 
Several authors noted that copper is not adsorbed by catfish (Griffin et al, 1997) or 
rainbow trout (Bohl, 1982) and to only a minimal level (~-2-fold) in several unspecified 
species (Rodgers et al, 1992). Since the cupric copper is released fairly rapidly from 
copper sulfate pentahydrate and the commercial copper-complexes, Cu2+ cation is 
believed to be the intoxicating agent. A high degree of water hardness or alkalinity or the 
presence of natural inorganic and organic copper complexing agents decreases the 
toxicity of Cu2+ cation as much as 10-fold (Harrison, 1986). Therefore, the toxicity of 
copper in soft water is emphasized for the purposes of risk assessment.  
 
The copper products currently registered for aquatic use in Washington State are as 
follows: 
 
Triangle Brand® Copper Sulfate Crystal -- A crystalline product containing 99% copper 
sulfate pentahydrate = 25.2% metallic copper (Cu2+). Manufactured and distributed by 
Phelps Dodge Refining Corporation. Labeled for application to impounded water sources 
such as tanks, raceways, irrigation conveyance systems, ponds, lakes and reservoirs for 
the control of aquatic weeds, algae, and microscopic organisms. This product may also be 
applied to sewers, storm drains, sewer pumps and force mains for the control of plant 
roots and fungus. Not currently labeled for use in public waterways of Washington State.   
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Earthtec® Algicide/Bactericide -- A liquid product containing 20% copper sulfate 
pentahydrate (5% metallic copper as Cu2+). Manufactured and distributed by Earth 
Science Laboratories, Inc. Labeled for application to impounded waters such as lakes, 
ponds, reservoirs or irrigation canals for the control of algae. This product may also be 
applied to irrigation conveyances to control algae and to feedlot runoff lagoons, animal 
confinement pits and other organic sludge for bacterial odor control.  
 
K-Tea™ -- A liquid product containing 8% elemental copper as Copper-Triethonolamine 
complex (Cu•TEA) and Copper-Hydroxide [CuOH+, and Cu(OH)2]. Distributed by 
Griffin L.L.C. K-Tea™ is labeled for application to slow-moving water bodies such as: 
golf course, ornamental, fish, irrigation and fire ponds; freshwater lakes, fish hatcheries; 
potable water reservoirs and associated waters (rivers, bays and coves); and crop and 
non-crop irrigation conveyance systems (canals, laterals and ditches) for the control of 
blue-green algae, green algae, diatoms, protozoa (flagellates) and the aquatic macrophyte 
(Hydrilla verticillata). For improved vascular weed control, K-Tea™ may be combined 
with Komeen® or diquat.  
 
Captain™ Liquid Copper Algaecide -- A liquid product. It is unclear exactly what the 
active ingredients are, but the label claims to contain 15.9% copper carbonate (9.1% 
metallic copper equivalence) and the Material Safety Data Sheet claims that the copper is 
contained as mixed copper-ethanolamine, presumably as copper-triethanolamine complex 
(Cu•TEA) and copper- monoethanolamine complex (Cu•MEA). Distributed by SePRO 
Corporation. Labeled for application to slow moving and flowing water bodies such as: 
canals and rivers; and potable water and irrigation conveyance systems. The application 
site is defined by the label as the specific location where Captain™ is applied or the 
target location of application for plant control. Types of algae designated for control 
include planktonic and filamentous forms (mat forming) or Chara and Nitella. The only 
macrophyte labeled for control by this product is Hydrilla verticillata. For improved 
Hydrilla control, Captain™ may be combined with diquat.  
 
Cutrine® Plus Algicide/Herbicide -- A liquid product containing 9.0% elemental copper 
as mixed copper-ethanolamine complexes presumably copper-triethanolamine complex 
(Cu•TEA) and copper-monoethanolamine complex (Cu•MEA). Distributed by Applied 
Biochemists. Labeled for application to water bodies such as: ponds; potable water 
reservoirs; farm, fish and industrial ponds; lakes; fish hatcheries; raceways; irrigation 
conveyance systems (ditches, canals and laterals); and golf course water hazards. Types 
of algae designated for control include planktonic and filamentous forms (mat forming) 
or Chara and Nitella. The only macrophyte labeled for control by this product is Hydrilla 
verticillata. For improved vascular weed control, in waters where enforcement of use 
restrictions are acceptable, Cutrine®-Plus may be combined with diquat (Reward®).  
.  
Cutrine® Plus Granular -- A granular product containing 3.7% elemental copper as 
mixed copper-ethanolamine complexes presumably copper-triethanolamine complex 
(Cu•TEA) and copper-monoethanolamine complex (Cu•MEA). Distributed by Applied 
Biochemists. Labeled for application to water bodies such as: lakes, potable water 
reservoirs; farm, fish and fire ponds, golf course water hazards, and fish hatcheries. 
Types of algae designated for control include bottom growth of filamentous forms (mat 
forming) or Chara and Nitella.  
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Clearigate® -- A liquid product containing 3.825% elemental copper as mixed copper- 
ethanolamine complexes presumably copper-triethanolamine complex (Cu•TEA) and 
copper monoethanolamine complex (Cu•MEA). Distributed by Applied Biochemists. 
Labeled for application to water bodies such as: potable water reservoirs; crop and non-
crop irrigation conveyance systems (ditches canals and laterals); farm, fish, golf course, 
industrial ponds and swimming ponds; and lakes. Types of algae designated for control 
include planktonic and filamentous forms (mat forming) or Chara and Nitella. This 
product is also labeled for the control of a number of macrophytes including Egeria 
densa, Elodea canadensis, Hydrilla verticillata, Myriophyllum spp. Najas spp. 
Potamogeton spp., Lemna spp. and Eichhornia crassipes.  
 
Komeen® Aquatic Herbicide -- A liquid product containing 8% elemental copper as 
copper-ethylenediamine complex (Cu•EDA) and copper sulfate pentahydrate 
(CuSO4(5[H2O]). Distributed by Griffin L.L.C. Komeen® Aquatic Herbicide is labeled 
for application to still or moving water bodies such as: golf course, ornamental, fish and 
fire ponds; fresh water lakes, fish hatcheries and potable water reservoirs. This product is 
not labeled for the control of algae. Labeled uses include the control of Hydrilla 
verticillata and suppression of Eichhornia crassipes, Egeria densa, Najas spp., 
Ceratophyllum demersum Elodea canadensis, Myriophyllum spicatum, Potamogeton 
pectinatus, Potamogeton nodosus and Pistia stratiotes.  
 
Nautique™ Aquatic Herbicide -- A liquid product. It is unclear exactly what the active 
ingredients are, but the label claims to contain 15.9% copper carbonate (9.1% metallic 
copper equivalence) and the material safety data sheet claims that the copper is contained 
as copper-triethanolamine complex (Cu•EDA) and copper-ethylenediamine complex 
(Cu•TEA). Distributed by SePRO Corporation. This product is labeled for application to 
lakes, rivers, reservoirs, ponds, potable waters sources; crop and non-crop irrigation 
systems (ditches, canals and laterals); fish, golf course, ornamental, swimming and fire 
ponds; and aquaculture including fish and shrimp. It is not labeled for the control of 
algae. Labeled uses include the control of Potamogeton nodosus, Ceratophyllum 
demersum, Egeria densa, Elodea canadensis, Myriophyllum spicatum, Najas spp., 
Potamogeton pectinatus and widgeon grass. 

 
Other copper products are labeled for a similar spectrum of weeds. However, these other 
products, although registered by the Washington State Department of Agriculture are not 
commonly used by registered applicators in Washington. These include several brands of 
Copper Sulfate Pentahydrate not registered for use in public water ways including: 1) 
*Copper Sulfate Crystal from Chem One Corp; 2) *Blue Viking Brand® Copper Sulfate 
Crystal from Griffin L.L.C.; 3) Blue Viking® Copper Sulfate Instant from Griffin L.L.C.; 
4) Tennessee Brand® Copper Sulfate Instant from Griffith L.L.C. and 5) Copper Sulfate 
Course crystals from Old Bridge Chemical Company. Other brands of copper Sulfate 
Pentahydrate registered for used in public ways include 1) *Tennessee Brand® Copper 
Sulfate Crystal from Griffin L.L.C.; 2) *Tennessee Brand® Copper Sulfate Crystal 
(Briquette) from Griffin L.LC. Other copper-triethanolmine complexes that are registered 
for use in public waterways include Lescocide®-Plus Granular Algaecide from Lesco, 
Inc. Some of these products are also registered for use in canals (irrigation conveyances 
and are marked in the text with an asterisk. 
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4.1.1 Evaluated Organisms and Sensitive Stages (EPA, 1982) 
 

In order to develop the most sensitive risk assessment possible, appropriate species and 
appropriate life stages must be chosen within each class of organisms. The classes of 
organisms of interest are microorganisms (bacteria, fungi and algae), macrophytes, fish, 
aquatic invertebrates, sediment organisms (includes several classes), terrestrial plants, 
birds, mammals and terrestrial invertebrates (includes several classes). The life stages 
tested are selected for high sensitivity and ease of manipulation. Each class of organism 
is broken down into appropriate species as indicated in Table 2. 
 
• Microbes -- Very little work has been conducted on microbes, particularly aquatic 

bacteria and fungi. The effects of inorganic copper salts (primarily copper sulfate 
pentahydrate) on microbes such as bacteria, protozoa, hydroids, and ctenophores are 
discussed.  

 
• Algae -- There are four standard species typically evaluated in algal toxicity tests. 

They are Anabaena flos-aquae (freshwater blue-green algae), Selenastrum 
capricornutum (freshwater green algae), Navicula pelicullosa (freshwater diatom) 
and Skeletonema costatum (marine diatom). These have been selected as the standard 
species because there is an extensive database on the effects of many pesticides on 
their growth rate. However, toxicity data for all of these standard species could not be 
found. For example, Navicula incerta and Nitschia linearis were believed to be good 
surrogates for the Navicula pelicullosa. Additional algal species, including several 
different genuses of blue-green algae, green algae, and diatoms were evaluated for 
the toxicity seen on exposure to inorganic copper salts (primarily copper sulfate 
pentahydrate and Cutrine® (Cu•TEA +Cu•MEA). The effects of indigenous and 
added copper on phytoplanktonic nitrogen fixation is discussed in relationship to blue 
green algae when they are competing with green algae and diatoms. The endpoint of 
interest in algal studies is a 50% reduction in log-phase growth after 5 days of 
exposure to a static solution (EC50). However, most laboratory studies measure more 
general endpoints such as growth cessation. Nevertheless, such endpoints should 
allow evaluation of the risk of commercial copper products to the various species of 
algae.  

 
• Aquatic macrophytes -- One species (Lemna minor or duckweed) is typically used 

in the laboratory. Duckweed is a standard species with an extensive database on the 
effects of many pesticides on its growth rate. However, the reviewed data 
emphasized other macrophytes including Lemna trisulca, Spirodela polyhiza, 
Hydrilla verticillata, Potamogeon pectinatus, Vallisnaria spiralis and Egeria densa. 
The endpoint of interest in macrophyte studies is a 50% reduction in growth after 7 
to14 days of exposure to a static solution containing plants at a very sensitive period 
in the growth cycle.  The field studies utilized whatever species were available in 
whatever growth stage they were in at the time and measured the percent reduction in 
lake or pond coverage as an endpoint. See Table 2 for a species listing and a 
summary of the available data. 
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• Fish toxicity 
 

 Acute toxicity: The standard species tested in the laboratory include 
Oncorhynchus mykiss (rainbow trout), Lepomis macrochirus (bluegill sunfish), 
Pimephales promelas (fathead minnow), Cyprinodon variegatus (sheepshead 
minnow), and Ictalurus punctatus (channel catfish). Rainbow trout, bluegill 
sunfish, fathead minnow, channel catfish and sheepshead minnow were tested 
with inorganic copper salts (probably copper sulfate). Many of the other species 
tested with copper would also be found acceptable for risk assessment by the 
EPA. These include, but are not be limited to, yellow perch (Perca flavescens), 
black bullhead (Ictalurus melas), brook trout (Salvelinus fontinalis), and Coho 
salmon (Onchorhynchus kisutch). Rainbow trout, brook trout, and Coho salmon 
are representatives of cold water species (salmonids), and the warm water species 
requirement is fulfilled by tests with bluegill sunfish, fathead minnow, channel 
catfish and black bullhead (catfish). The marine and estuarine species 
requirement is fulfilled by tests with the sheepshead minnow. The standard acute 
LC50 test is run with juvenile fish of a uniform age-class or size, which would 
typically fall in the class of fingerling (<0.5 grams). These acute toxicity tests are 
not typically run with smolts, eggs and sac-fry, but in some cases acute toxicity 
information is provided for these stages. The test is typically run for 96 hours 
although some of the LC50s may be based on 24, 48 or 120-hour mortality data. 
The measured endpoint is mortality. The species selected are considered to be 
representative of a broad sensitivity range and ecological, economic and aesthetic 
relevance. Other species may also be tested. Those of particular interest, based on 
ecological relevance and/or sensitivity to copper, are various salmonids 
(Oncorhynchus spp. and Salmo spp.), brook trout (Salvelinus foninalis) and 
striped bass (Morone saxatilis).  

 
 Chronic toxicity: The standard species tested for chronic toxicity are the fathead 

minnow, rainbow trout, and sheepshead minnow, which represent a warm 
freshwater species, a cold freshwater species, and warm estuarine species, 
respectively. Rainbow trout appear to be the most sensitive species in this group. 
However, much of the chronic toxicity work with copper sulfate has been done 
with brook trout (Salvelinus foninalis) and they also appear to be very sensitive 
to the effects of other inorganic copper salts. Chronic toxicity tests can be run in 
the sac-fry stage for at least 7 days (standard time period, 28 days). In addition to 
mortality, the endpoints are growth and sub-lethal behavioral effects. Another 
study design is the early life-stage test where the endpoints are percent hatch, 
time to first and last (95%) hatch, swim-up or first-feed, growth and sub-lethal 
behavioral effects. The effective concentration is the lowest NOEC, MATC or 
LOEC value obtained for the most sensitive endpoint. In summary reports 
obtained from agencies or registrants, the most sensitive endpoint is often not 
expressed. In some reporting formats, the effective concentration may be termed 
the No Observed Effect Concentration (NOEC), Lowest Observed Effect 
Concentration (LOEC) or the Maximum Allowable Toxic Concentration 
(MATC), which is the geometric mean of the NOEC and the LOEC. This is a 
very sensitive test and it often may yield an unacceptably high CRQ (Chronic 
Risk Quotient) when the ARQ indicates a high degree of safety for the more 
sensitive species in the biota. When endpoints other than survival are used, the 
MATC is considered to be the concentration of interest for performing risk 
assessment. The only tests that adequately addressed chronic toxicity were 

Supplemental Environmental Impact Statement Assessments of Aquatic Herbicides: 
DRAFT Volume 6 – Copper, Section 4 – ENVIRONMENTAL EFFECTS 

Vol. 6, Sect. 4 – Page 28 



 

conducted with copper sulfate. The species evaluated for chronic toxicity with 
copper sulfate included Northern Pike, brook trout, channel catfish, rainbow 
trout, Coho salmon, fathead minnow, bluegill sunfish, zebrafish and blue 
gourami. Not all of these studies were adequate for chronic and or sub-lethal risk 
assessment. However, for inorganic copper salts (usually copper sulfate), only 
the tests with brook trout, fathead minnow bluegill sunfish and channel catfish 
were adequate for risk assessment purposes. The other studies either did not use 
standard end points or were not conducted for the standard time periods specified 
in the EPA guidelines.  

 
• Aquatic invertebrates 

 
 Acute aquatic invertebrate toxicity: For aquatic invertebrates, the standard 

species tested include Daphnia magna (water flea), Ceriodaphnia dubia 
(water flea), Mysidopsis bahia (pocket shrimp) and Crassostrea virginica 
(eastern oyster), which represent two warm freshwater species and two warm 
estuarine species. Additional species have been tested with copper-containing 
products; and of these additional species, the marine bivalves, Mytilis edulis, 
and the water flea, Daphnia magna appear to be extremely sensitive (LC50 = 
~0.005 ppm Cu). The endpoint is expressed as the 48- or 96-hour EC50 or 
LC50 for the 3 arthropods, and EC50 (dosage causing 50% decrease in shell 
growth in 96 hours) for the oyster. A number of other non-standard species 
and non-standard methods were tested with the copper and are listed along 
with a summary of the data in Table 2. Of the copper-complexes, only 
Cutrine® (Cu•TEA+ Cu•MEA) has been tested extensively on aquatic 
invertebrates. No standard species were tested. However, certain species of 
cladoceran (Alonella sp.), ostracods (Cypria sp.), calanoids (Diapotomus 
sp.), copepods (Eucyclops sp.), crabs (Uca pugiltor) and shrimp 
(Palaemonetes sp. and Panaeus sp.) were tested and were generally found to 
be more tolerant of Cutrine® than similar organisms were to copper sulfate 
pentahydrate and other inorganic copper salts. 

 
 Life-Cycle invertebrate toxicity: These tests are typically conducted with 

Daphnia magna (daphnia), Ceriodaphnia dubia (daphnia) and Mysidopsis 
bahia (mysid shrimp). However, in this case, the only significant chronic 
testing with standard species was done with copper sulfate pentahydrate on 
Daphnia magna and Ceriodaphnia dubia. A variety of other organisms tested 
for the chronic toxicity of copper sulfate pentahydrate is summarized in 
Table 2. Enough data has been collected to determine the chronic toxicity of 
copper sulfate pentahydrate on invertebrates. However, as with the fish, no 
chronic toxicity studies appear to have been done with the commercial 
copper-complexes. These tests are usually run for 21 days with Daphnia 
magna, 7 days with Ceriodaphnia dubia and 28 days with Mysidopsis bahia. 
The parent generation is selected from a group of animals less than 24 hours 
old. The endpoints are immobility, reduction in number of live newborns 
produced per female, and growth of the parent daphnids or mysids during the 
test. The endpoint is expressed as the most sensitive EC50 in reference to 
immobility, reduction in neonate production and reduction in growth and the 
NOEC or MATC in reference to the most sensitive non-lethal endpoint. The 
advantage of using the mysid shrimp as a test organism is that, since it shows 
sexual dimorphism, certain endocrine disruptive effects could be determined 
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in the parental generation as it matures. However, these endocrine effects 
cannot be interpreted or correlated with similar effects on vertebrates since it 
is unlikely that the effects of steroid sex hormones like estrogen or 
testosterone determine sex in this species. However, this species was not 
tested for copper's effect on its life-cycle. 

 
• Sediment organisms 
 

 Sediment organism acute toxicity: There is not a consensus in the scientific 
community as to how sediment organism studies should be conducted. Many 
researchers believe daphnia studies make good surrogates for sediment organism 
studies. The main problem with sediment organism studies is that these 
organisms require sediment with a specific particle size in order to function 
properly in a physiological sense. However, in acute tests the sediment is often 
eliminated from the study because it adsorbs the toxicant and interferes with 
analytical chemistry when the sediment phase must be extracted. Most short-term 
(acute) 96-hour sediment organism studies are conducted without sediment 
present. There is a need for these tests since there is no reason to assume that 
sediment organisms will respond in a manner similar to other aquatic 
invertebrates. These sediment organism acute toxicity studies are conducted in a 
similar manner as acute tests with other invertebrates except that the age at initial 
exposure and the exposure period is specific to each species. These specific 
characteristics are listed in Table 2. However, since copper bound to sediments is 
generally considered to be biologically unavailable to most sediment organisms, 
these sediment toxicity studies may not have great utility for testing the effects of 
copper on benthic species. Exceptions to this are studies conducted with true 
sediment organisms like Chironomus tentans, that may be directly intoxicated by 
their contact with the sediment. Also, other species of true sediment organisms 
like Hexagenia sp. and Hyalella sp., which occupy the sediment profile may be 
affected by the concentrations of copper found in the interstitial water. Other 
species like Ceriodaphnia sp., Daphnia sp. and Pimaphales sp. (a fish), which 
primarily occupy the overlying water, appear to be primarily affected by the 
concentration of copper in the overlying water (Suedel et al, 1996 and Bennett 
and Cubbage, 1992). 

 
4.1.2 Exposure Routes 
 

Regardless of the organism, aquatic exposure to copper-containing herbicides can take 
several routes. These include adsorption from the water column, consumption of water or 
organisms while eating, contact with plants or sediments that have been treated with the 
test substance, or eating the granules (Only applicable to Cutrine® Plus Granular. More 
detail for exposure routes is given below: 

 
• Aquatic Algae: Exposure is through adsorption from the water column.  
• Fish and Aquatic Invertebrates:  

 Adsorption through the “skin” or cuticle.  
 Adsorption through the gills.  
 Adsorption through the gut from the consumption of other animals or plant and 

algal material. 
 Adsorption through the gut after eating the formulated pesticide granules found 

at the bottom of the water body. This is only relevant with granular copper 
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compounds (Cutrine® Plus Granular). All other copper-containing aquatic 
algaecides and herbicides are liquid formulations or are rapidly soluble in water. 

 Detritovoirs can be exposed through eating detritus found in the sediment or 
catching the detritus from upper regions as it floats past. This would be of 
particular interest with Chironomus species or Lumbriculus species that come 
into direct body contact with the sediment and consume sediment particles as part 
of their diet.  

 
For terrestrial organisms, exposure routes can be the following: 1) Contact with treated 
water; 2) Consumption of treated water; 3) Consumption of organisms that have been in 
treated water; or 4) Consumption of the pesticide granules if they have access to them. 
Again, only relevant to Cutrine®-Plus Granular and not relevant to other copper 
containing herbicides, which are liquid formulations or are rapidly soluble in water. 
 

4.2 ENVIRONMENTAL TOXICITY REVIEW: EFFECTS OF THE PHYSICAL AND 
CHEMICAL ENVIRONMENT ON HABITAT 
 
There is no evidence that prior exposure to copper will enhance its degradation by 
microbial organisms. Microbial organisms from sites exposed to copper products may 
degrade the organic complexing agent. The complexed coppers are as follows: Komeen® 
(Cu(EDA plus CuSO4), Nautique™ (Cu•EDA plus Cu•TEA), K-Tea™ [Cu•TEA plus 
CuOH+ or Cu(OH) 2], Cutrine® Plus (Cu•TEA plus Cu•MEA), Clearigate® (Cu•TEA 
plus Cu•MEA), Copper Control® (Cu•TEA plus Cu•DEA) or Captain™ (Cu•TEA plus 
Cu•MEA) (Spare, 1996a and Spare, 1996b). However, copper itself is an element and is 
not broken down but essentially remains in the environment forever. Copper in the form 
of cupric cation (Cu2+) may be inactivated in, or removed from the water by the 
complexation with inorganic hydroxides, carbonates, cyanates, chlorides, sulfates, 
sulfides, phosphates and nitrates (Harrison, 1986; Duke et al and Demayo et al, 1982 and 
ACP, 1999). Such inorganic complexes are often non-toxic or less toxic than cupric ion; 
and the hydroxides, phosphates and sulfide complexes may precipitate out of solution as 
suspended sediments. Bottom sediments may also sorb cupric copper and various clay 
species such as kaolinite, illite or montmorillonite seem particularly effective at sorbing 
cupric cation. Various natural organic chelating agents may also complex with cupric 
cation and make it less toxic to aquatic organisms. For example, amino acids, amino 
sugars, polypeptides, humic substance, (humic acid and fulvic acid), alcohols, ureas, 
intermediate molecular weight organic molecules and sewage effluent may complex with 
cupric cation to form non-toxic or less toxic forms of copper. Copper can also be 
removed from the water column by sorption to vascular plants at very high 
concentrations prior to death. For example, leafy pondweed may develop a copper 
concentration above 4,000 ppm after treatment and Sago pondweed may accumulate 
copper to similar levels (Hale, 1972 in Hanson and Stefan, 1984). However, the main 
mechanism by which copper is removed from the water column is through adsorption to 
the sediment and transport by advection and dispersion caused by water flowing through 
the area. Various organisms in the sediment may be affected by different modes of 
contact. For example, those organisms that live in the sediment like Chironomids and 
Oligochaete worms may be affected by the levels of copper in the sediment. However, 
those that live in interstitial spaces like Hexagenia sp. and Hyalella sp. may be affected 
by the concentration of copper in the pore water. Concentrations in the pore water can be 
several times higher than in the overlying water (Demayo et al, 1982). Species that are 
free-swimming like cladocerans and fish may be primarily affected by concentration of 
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copper in the overlying water. (Suedel et al, 1996, Bennett and Cubbage, 1992 and 
Huggettt et al, 1999). Copper adsorbed to sediment has a tendency to accumulate. Copper 
concentrations as high as 18,259 ppm in sediment were taken from a creek site 
downstream from a copper smelter (Suedel et al, 1996). Concentrations can be as high as 
1,000 ppm Cu in eutrophic lakes, such as Lake Steilacoom, that have been extensively 
treated with copper over a 25-year period (Bennett and Cubbage, 1992). However, more 
typical treated lakes have sediment copper concentrations in the range of 100 to 260 ppm 
Cu like Sylvia Lake (Washington). Lakes like Black Lake (Washington) that have rarely 
been treated with copper have sediment copper concentrations that are fairly low (27.6 
ppm Cu).  
 
Due largely to the adsorption of copper by sediment and plants, the concentration of 
copper in the water column rapidly dissipates. Copper from Komeen® plus diquat 
treatments dissipates in water to levels similar to background levels (0.003 to 0.006 ppm) 
in as little as 1 or 2 days with a half-life of 0.565 days (Rodgers et al, 1992). However, 
more typical water dissipation times were approximately 10 days with half-lives ranging 
from 1 to 2 days for most lakes (Demayo et al, 1982; Reinert and Rodgers, 1987 and 
EPA, 1985). When applied at the maximum use rate, concentrations of copper in water 
are estimated to drop below levels typically considered to be acutely harmful to fish 
(LC50 = 0.01 ppm) in 7 to 15 days (assuming a half-life of 1 to 2 days and a treatment 
level of 1.0 to 2.0 ppm). Although this is the predicted level for low toxicity based on 
laboratory data, field studies indicate that the toxicity of copper in a water body can not 
be effectively predicted from laboratory studies alone. “It can be concluded that data 
from toxicity tests with copper in which natural surface waters are used for dilution 
purposes cannot define the true toxicity of copper or have application to other natural 
waters except when the concentration of the toxic copper species [Cu2+, CuOH+, Cu(OH)2 
and Cu2(OH)2

+] are known” (Brown et al, 1974). In lakes with soft water and the 
presence of humic substances, one third of the total copper will normally be in a form 
that is toxic to fish. This is a generalization since total concentrations of copper (copper 
sulfate) as high 1.0 ppm Cu spare fish in ponds with 50% peat in the bottom sediment 
(Gangstad, 1986). Trout farms with treatments of 0.250 ppm Cu (as copper sulfate) 
showed considerable mortality in rainbow trout (Whitaker et al, 1978). However, some of 
the commercial copper-complexes like Komeen®, K-Tea™ and Cutrine® appear to be 
much less toxic to fish with typical LC50s being >30, >4 and >1 ppm Cu, respectively; 
but more sensitive species like rainbow trout may still be highly susceptible (LC50 = 
0.076, 0.029 and 0.03 ppm Cu, respectively).  
 
Bioconcentration in plants occurs to a very high degree. This bioconcentration by plants 
reaches up to 21,000 for algae and 54,000 for macrophytes with ~4,000 ppm being found 
in leafy and Sago pondweeds (Janus et al, 1989 in ACP, 1999 and Hanson and Stefan, 
1984). Bioconcentration of copper in animals has been noted. Whole body 
bioconcentration factors as high as 23,000 in invertebrate molluscs and annelids and 
6,000 to 14,000 in crustacea and insects, respectively, have been noted. However, whole 
body bioaccumulation in fish ranges from 1 to 450 (Janus et al, 1989 in ACP, 1999) with 
very little of the copper accumulating in the edible muscle tissue. Concentration in edible 
catfish or trout muscle is not considered high enough to pose a threat to human health 
(Bohl et al, 1982 and Griffin et al, 1997).  However, in the field concentrations as high as 
50 ppm copper have been seen in whole fish (Rodgers et al, 1992). The EPA (1985) 
believes that fish laboratory bioaccumulation studies and field accumulation studies on 
non-target organisms are not necessary. Although considerable bioaccumulation is seen 
in species that are low in the trophic level, copper is not believed to biomagnify as it 
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travels up trophic levels with typical concentration factors in fish (BCF = 50) being 10 to 
40-fold less than in their prey (Krumholz and Foster, 1957). However, depuration appears 
to be slow, at least in oysters with only 37% of the maximum accumulated copper (63 
ppm) being eliminated in 7 weeks (Silva and Qasim, 1979). 

 
4.2.1 Potential Soil and Sediment Interactions 
   
4.2.1.1 Impact of Various Soils (Sediment/Substrate) Composition 

 
Summary: Due to its tendency to complex with inorganic ligands and participate in 
cation exchange with other ions on clay and peat (organic matter) copper sulfate, 
Komeen® and K-Tea™ largely accumulate on sediment (Harrison, 1986, Spare, 1996a 
and Spare, 1996b). In pristine environments the concentration of copper found on 
sediment is generally less than 50 ppm, while those found in polluted ecosystems can be 
as high as several thousand ppm. High copper concentrations can be found in water 
bodies (particularly reservoirs) due to urban and industrial contamination and seem to 
be particularly high downstream from electrical generating plants (1 to 7,927 ppm Cu), 
copper mine drainage (37 to 2,398 ppm), copper mine tailing areas (1,100 to 7,650 ppm) 
and copper smelters (18,259 ppm Cu). However concentrations in lakes that have been 
treated with copper products as algaecides can also be very high. For example, Lake 
Monona (Wisconsin), Fairmont Lakes (Minnesota), Lake Steilacoom (Washington) and 
Sylvia Lake (Washington), which have been extensively treated over many years, were 
found to have sediment copper concentrations as high as 650, 5,600, 1,000 and 260 ppm, 
respectively. The soil/water distribution coefficients indicate that copper adsorbs well to 
most sediments. This adsorption will no doubt be highest on clay sediments and 
sediments containing a high organic matter (peat soils). Kd values in sediment taken 
from freshwater typically range from 1,000 to 5,000 L/Kg (Harrison et al, 1983a and 
Harrison et al, 1983b in Harrison et al, 1986). Kd values for sediment taken from marine 
areas typically range from 50 to 570 L/Kg (Emerson and Harrison, 1981 in Harrison, 
1986). The Kd values for sediments taken from estuaries typically range from 250 to 
48,000 L/Kg (Harrison et al, 1983 in Harrison, 1986). These very high soil/water 
distribution coefficients can lead to a rapid disappearance of copper from the water 
column and very high concentrations of copper in the sediment as described above. 
However, in systems where the turnover is fairly rapid, like Guntersville Reservoir 
(Alabama), the concentrations of copper in the sediment after treatment with Komeen® 
at 0.4 ppm Cu) can remain fairly low (8.0 ppm; 29 days after treatment). Sediment 
concentrations may also remain low in some pristine lakes (31 to 32 ppm in Black Lake, 
Washington). The concentration of copper in sediment can be high and persistent. 
However, most sediments can adsorb copper at extremely high levels with only 
occasional releases due to hydrolysis, cation exchange, solubilization of the matrix, 
decomposition of the matrix,physical turnover of the matrix, or the change of the 
sediment from an anaerobic state to an aerobic state (Demayo et al, 1982). 
 
Chelated (chelation is the formation of a relatively non-toxic metal-containing compound 
by joining a chelating agent to a metal ion) copper products also bind to sediments. For 
example, in laboratory aerobic metabolism studies, Komeen® (Cu•EDA plus copper 
sulfate) and K-Tea™ (Cu•TEA plus CuOH+) extensively and rapidly bound to sediment 
with 95% and 48%, respectively of the applied 14C-labeled test material being associated 
with the sediment within 6 hours. The remainder of the radio-label either continued to be 
adsorbed by the sediment, was degraded to natural products (humic acid, fulvic acid and 
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humin) or was mineralized to carbon dioxide over the next 30 days (Spare et al, 1996a, 
Spare et al, 1996b). 
 
Copper residues do not persist in the water column for an extensive period of time. The 
time of dissipation from the water column to levels below background levels (0.003 to 
0.008 ppm Cu) was typically 10 days. However, persistence in sediment can be very long 
with concentrations of copper continuing to accumulate and not substantially dissipating 
for as long as copper products are in continued use. The only way that copper 
concentrations in the sediment or stagnant or slow moving water bodies can be reduced 
quickly is through dredging (Hanson and Stefan, 1984). Copper has been seen to be 
slowly released from the sediment particularly in canal treatments and other situations 
where the amount of organic matter is low and the water stream is fairly rapid. 
Concentrations of copper in sediments can be removed to pretreatment levels canal 
conditions to pretreatment levels in 7 to 8 days (Nelson et al, 1969, and Stern, 1975 in 
Harrison, 1986).  
 
Copper adsorbs readily to most soil/sediments. Typical ranges of adsorption coefficients 
(Kd) on sediments/soils are 50 to over 48,000 L/Kg depending on the levels of clay, 
cation exchange capacity and organic matter. Therefore, under normal conditions it is 
unlikely that copper will contaminate ground water. There have been no recent credible 
reports of ground water contamination from the use of copper to control aquatic weeds. 
However, because of its tendency to accumulate on the upper layer of sediments 
previously exposed to copper, it is susceptible to erosional processes and can be 
transported to water bodies during runoff. This erosional process contribution of copper 
to waterways is likely if the sediment is exposed to the terrestrial environment or if 
irrigated crop soils contain significant concentrations of copper from irrigation with 
copper herbicide treated water, in treatment with copper-containing fertilizers or sewage 
sludges or from treatment with fungicides, microbicides or insecticides containing 
copper.  
 

4.2.1.2 Potential for Increased Erosion and Re-suspension of Soils and Sediments from 
Plant Removal 
 
Summary: Since these products are normally applied to the aquatic environment, 
classical erosion effects typically do not occur. However, removal of plants from 
irrigation canal situations may result in limited erosive processes.  
 
During aquatic weed control, copper products are applied directly to water and not to the 
terrestrial environment. Therefore, classic erosion, generally does not occur from this use. 
That is, soil and humic material are not dislodged by wind and water and washed into the 
waterway due to the removal of plants from the adjacent terrestrial environment. 
Removal of plants from non-flowing water systems may allow for the re-suspension of 
sediment from the bottom of a lake or pond due to wind mixing of the water, interactions 
with benthic organisms and direct interfering effects of human beings with the hydrosoil 
during periods of either work or recreation. 
. 
The only likelihood of classical erosion occurring is if ponds treated early in the season 
evaporate or are drawn down. Under such conditions, the previously submerged banks 
and possibly bottom of the lake will temporarily become terrestrial environment subject 
to classical wind and water erosion. Erosion in these areas would initially be high due to 
lack of plant cover. However, dead aquatic vegetation, if not yet broken down by natural 
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decay processes, would function like a mulch to help reduce erosion until the area is re-
vegetated with terrestrial plants or re-flooded with water. A worst case scenario could 
occur if the area does not re-vegetate before the dead vegetation completely decomposes 
and exposes the underlying soil/sediment. 
 
Without the presence of plant species providing soil stability, physical characteristics of 
the soil/sediment are the primary factors affecting soil erosivity. The two most important 
soil characteristics affecting water-influence are infiltration capacity and structural 
stability. Soil texture, organic content and clay content [i.e. swelling clays also influence 
infiltration capacity (Brady, 1974 in Ebasco, 1993)], structural stability depends on the 
ability of soil/sediment aggregates to withstand breakup caused by physical bombardment 
of water and wind. This depends on many factors, including both biological (mechanical, 
binding action of microorganisms, cementing action of the intermediate products of 
microbial synthesis and decay, and cementing action of the more resistant stable humus 
components) and the organic/inorganic component interaction that provides bridging 
between organic matter and soil/clays (Brady, 1974 in Ebasco, 1993). 
 
The Soil Conservation Service (USDA, 1978a in Ebasco, 1993) has developed simplified 
erodibility factors (K) based purely on soil texture of different topsoil and subsoil 
regimes. These K factors can be used as approximate erosivity estimates. The K values 
listed in Table 3 are used in predicting rainfall erosion losses with the universal soil loss 
equation (USDA, 1978b in Ebasco, 1993) and may be used as relative indicators of 
erosivity across different soil texture classifications. 
 
The loss of soil by wind erosion involves detachment and transport mechanisms. 
Detachment results from abrasion by both wind and wind-entrained particles (soil 
particles carried by the wind). Transport may cause soil particles to travel along the land 
surface by saltation or to travel parallel to or upward from the land surface by suspension. 
Soil moisture is the primary factor in determining erosion by wind. Other soil 
characteristics, which may influence erosion include mechanical stability of dry soil clods 
and aggregates, presence of a stable soil crust and bulk density and size of erodible soil 
fractions (Brady, 1974 in Ebasco, 1993). Once detached, finer-grained particles are most 
likely to move in the wind and rain. Water erosion has a tendency to have a greater effect 
on sandy loam than on sediments (particularly silt loam) since water effectively 
conglomerates and seals the finer soil/sediments. Various soil types retained copper at 
different levels in adsorption experiments and it is unclear what the exact adsorption 
coefficients were for each soil type. However, it is clear that clay soil containing illite, 
kaolinite and montmorillonite clay and or high organic content retains more copper than 
other soil types (Demayo et al, 1982). Nevertheless, because of its tendency to 
accumulate on the upper layer of soil/sediment, copper is susceptible to erosional 
processes and can be transported to water bodies during runoff. 
 
Re-vegetation of untreated areas with plantings can be used to mitigate the problem. It 
has been recommended that if noxious weed control is necessary in “forest ecosystems” it 
should be conducted with either herbicides or burning. Mechanical removal of weeds 
from such an ecosystem increases the rate of erosion. Spot treating problem areas and 
over-sewing the “forest harvest” area with grasses or herbaceous species that can quickly 
colonize a site and stabilize soils can further decrease the rate of erosion. Although Neary 
and Michael (1996) were addressing the problem of harvested forest areas, the approach 
makes sense for any area where the soil/sediment is not stable. 
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Strictly aquatic herbicides are not commonly used to treat canals or ditch banks. 
However, copper sulfate products and the commercial copper-complexes (Komeen®, 
Nautique™, K-Tea™, Cutrine ® Plus, Clearigate®, and Captain™) may be used to 
control certain specified weeds and/or algae growing in irrigation water conveyance 
systems (canals, laterals and ditches). In the case of canals treated with copper, erosion is 
unlikely to be a problem. Generally speaking, the major aquatic weed problems in 
irrigation canals are emergent or riparian weeds growing on the banks of drainage canals. 
There are times during the season when these riparian weeds may become a problem. 
However, copper products, particularly Komeen®, Nautique™ and Copper Sulfate, are 
used to control certain label specified submerged macrophytes; copper products are not 
generally used to control emergent or riparian weeds. Canals are typically constructed 
with 3:1 bank slopes and are designed to convey peak demand flows without eroding. 
Irrigation canals can be lined with a variety of materials including earth, blended earth 
(clay mix to reduce seepage loss), asphalt, concrete or geotextile. Although vegetation 
may invade the channel over time, vegetation-lined channels are not typically constructed 
because plant growth can reduce the canal’s conveyance capacity. The main objective in 
canal design is to minimize losses from the canal and to maximize conveyance capacity. 
Therefore, the irrigation districts actively remove nuisance plant growth. Plant removal 
operations are usually performed at the end of the irrigation season. The general 
procedure involves filling and sealing the canal after which the area is treated with a 
general herbicide but usually not copper products. The main purpose of copper 
applications would be to restore irrigation water flow by eliminating dense submerged 
growth of Hydrilla verticillata or other nuisance aquatic plants. Each copper-containing 
herbicide has a specified weed spectrum. Komeen® and Nautique™ are labeled to 
control a variety of vascular aquatic weeds while K-Tea™, Cutrine®-Plus, Clearigate® 
and Captain™ are labeled for control of various algal species and Hydrilla verticillata; 
copper sulfate products are labeled for the control of algae and Potamogeton pondweeds 
particularly leafy and sago pond weed. Because irrigation canals are typically designed to 
operate at capacity under unvegetated conditions, removal of nuisance plants is unlikely 
to result in destabilization of irrigation canals. However, depending on site-specific 
conditions, erosive processes and the amount of sediment trapped by certain thick stands 
of submerged aquatic weeds, removal of these plants may contribute to limited sediment 
erosion and transport from the scouring effect of moving water.  
 
• Effects of removal of weeds on habitat 
 

Removal of weeds from the newly formed terrestrial habitat may cause additional silt 
and nutrients to enter adjacent water bodies. Such an increase in nutrient load may 
lead to algal blooms and eutrification of the water body. Also, the removal of these 
terrestrial plants will decrease the amount of new habitat that terrestrial animals may 
utilize. Removal of the newly established plants may increase the likelihood of 
flooding and returning the water body to the previous aquatic condition (flooding). 
Flooding can increase the amount of habitat available for fish and amphibians to 
utilize for feeding and spawning (Goldman and Horn, 1983). Negative impacts from 
isolated flooded areas could be stranding or hydrological “jumping” of current flows 
to a new, but not necessarily, superior channel. This is not likely to be an issue with 
herbicides containing copper since they are not typically used to control terrestrial, 
emergent or riparian weeds. 

 

Supplemental Environmental Impact Statement Assessments of Aquatic Herbicides: 
DRAFT Volume 6 – Copper, Section 4 – ENVIRONMENTAL EFFECTS 

Vol. 6, Sect. 4 – Page 36 



 

4.2.1.3 Effects on Pristine Sites 
 
In general, the prior use of copper does not appear to affect the rate of removal of the 
pesticide from the aquatic environment. However, long-term use of copper has a small 
potential to overwhelm the sorptive capacity of the sediment/soil and allow copper to be 
re-released to the water column. This release can be caused by a number of factors 
including hydrolysis, cation exchange, solubilization of the matrix, decomposition of the 
matrix, physical turnover of the sediment or the change of the sediment from an 
anaerobic state to an aerobic state (Demayo et al, 1982). It has also been claimed that 
rapid desorption of copper from sediment particles may occur if the particles are located 
in rapidly flowing water and/or a change in the kind and quantities of organic material in 
the water and sediment is seen. Desorption from particles is not normally extensive due 
to a high affinity for copper to soil particles. After adsorption, desorption would be 
expected to decrease with time, due to sites with the coatings and within the crystalline 
matrix becoming less accessible. 
  
If the treatment site has not experienced copper treatments before, the sediment has the 
ability to adsorb copper and probably not poison animals associated with the sediment, 
overlying water or pore water with copper (Huggettt et al, 1999, and Bennett and 
Cubbage, 1992). However, even in cases where a water body has never been exposed to 
copper, other toxic factors, either other metals or organic matter may be at high enough 
concentrations to adversely impact sediment associated organisms. For example, Black 
Lake (Washington), which has a very low copper sediment load (~30 ppm) and copper 
pore water load (0.011 ppm), has adverse acute and chronic impact on cladocerans, and 
an adverse acute impact on mayflies and amphipods. Adverse impact of sediment not 
contaminated with copper has occurred in tests conducted with the bioluminescent 
marine microorganisms, Photobacterium phosphoreum. The sediment and pore water of 
Black Lake has its impact by the action of a non-metallic, and possibly organic toxicity or 
toxicity due to high ammonia concentration, which is readily removed by aeration. 
 
Bacteria are capable of degrading the organic chelating agents in the commercial copper-
complexes (Komeen® and K-Tea™) (Spare, 1996a and Spare, 1996b). However, 
elemental copper cannot be degraded and will essentially remain in the sediment forever 
unless it is released by one of the above mechanisms and is transported out of the area by 
a flow of water. However, considering all of these factors, once adsorbed to sediment, 
copper from copper sulfate or the commercial copper-complexes is not likely to be 
readily desorbed. The chelating agents used in the commercial copper-complexes may 
also be associated with the sediment at levels of 95% and 46% to 64%, respectively. The 
remainder of the chelating agents (EDA and TEA) appears to be mineralized to carbon 
dioxide and natural products (fulvic acid, humic acid and humin). Adsorption may slow 
the rate of degradation for these complexes and it is likely that they will accumulate in 
soil for a period of time before the elemental copper is released from the complex. After 
the elemental copper (cupric ion) is released from the complex, copper will accumulate in 
soils, particularly in those containing montmorillonite clay, kaolinite and perhaps illite 
clay.  

 
4.2.1.4 Effects on Contaminated Sites 
 

Although concentrations accumulate with each exposure, it will take many treatments 
with copper-containing products for the concentration of copper to overwhelm the ability 
of the sediment to adsorb it. For example, estuarine sediments do not become saturated 

Supplemental Environmental Impact Statement Assessments of Aquatic Herbicides: 
DRAFT Volume 6 – Copper, Section 4 – ENVIRONMENTAL EFFECTS 

Vol. 6, Sect. 4 – Page 37 



 

with copper until the concentration in sediment reaches levels of approximately 1,600 to 
2,200 ppm Cu (Teggins and Slinn, 1985). However, it seems likely that concentrations of 
copper will become high enough to adversely impact sediment organisms. According to 
the (Canadian) Provincial Sediment Guidelines, severe effects to sediment organisms will 
always occur if the concentration of copper in sediment exceeds 110 ppm Cu. Pore water 
from Lake Steilacoom has exceeded 0.028 ppm Cu, which is known to be toxic to 
Hyalella azteca. Pore water concentrations ranged from 0.160 to 0.440 ppm in Lake 
Steilacoom and adverse impacts have been seen at the higher concentrations, which 
corresponds to a sediment concentration of 890 ppm Cu (Bennett and Cubbage, 1992).  
Somewhat lower sediment concentrations of copper (36 to 424 ppm) in the laboratory 
have produced concentrations of copper in the overlying water (6.23 to 59 ppm) that 
adversely impact species typically found in the water column like Ceriodaphnia dubia, 
Daphnia magna and Pimaphales promelas (Suedel et al, 1996). The only way that copper 
from the sediment can get into the overlying water is by redissolving into that water from 
the sediment. This is most likely to occur in the field when one of the following 
conditions exist: 1) the water has a low pH; 2) the sediment is aerobic; 3) cations from 
the solution change places with the adsorbed copper cations; or 4) the matrix becomes 
solubilized or is decomposed (Demayo et al, 1982). Gangstad (1987) believes that 
adsorption of copper is largely irreversible. However, Harrison (1986) suggested that 
copper can be desorbed from soils containing low amounts of organic material or organic 
material with a low molecular weight provided that the copper sorbed to suspended 
sediment particles is diluted in a water stream. Teggins and Slinn (1985) found that 
copper was readily desorbed in the presence of 0.2M TRIEN (DEFINE!!!) Buffer and 5% 
potassium nitrate. These authors claim that the results indicate that unless the copper is 
reacted with materials such as sulfides to form insoluble compounds, adsorption of free 
copper ions by most sediments present in river or estuarine waters would not be expected 
to be a permanent process.  
 
Bennett and Cubbage (1992), Hanson and Stefan (1984) and Serdar (1995) found that 
multiple applications of copper sulfate over many years can result in sediment copper 
concentrations that are high enough to cause adverse impact on the biota. For example, 
the Fairmont Lakes of Minnesota have been treated with copper sulfate for 58 years and 
the levels of copper in the sediment have accumulated to levels that range from 170 ppm 
in Amber Lake to 5,600 ppm in George Lake. After dredging, the sediment copper levels 
were again found to be high after 8 years of treatment with copper sulfate; e.g., Amber 
Lake had sediment copper concentrations of 162 ppm and George Lake had a sediment 
copper concentration of 233 ppm. Sediment copper concentrations were also found to be 
high in Lake Steilacoom (Washington), which has been treated with copper sulfate for 
approximately 25 years; sediment copper concentrations in Lake Steilacoom ranged from 
180 ppm to over 1,000 ppm. In Sylvia Lake (Washington) which has also been treated 
repeatedly at labeled use rates, the sediment copper concentration was 99 to 202 ppm 
prior to treatment in 1994 and 80 to 258 ppm after treatment in 1994 to control nuisance 
algae. All of these sediment copper concentrations approach or exceed the severe effects 
levels promulgated by the Provincial Sediment Quality Guidelines. In the case of the 
Fairmont Lakes, the benthic sediment was almost completely devoid of bottom organisms 
in 1964 when sediment copper concentrations were as high as 5,600 ppm. However, 2 to 
9 years after dredging with no subsequent copper sulfate treatment, the total bottom 
organism count ranged from 1,145 to 6,128 organisms per square meter. Nevertheless, in 
Lake Steilacoom where copper treatment has persisted, the benthic populations consisted 
primarily of a sparse population of pollution tolerant organisms. However, a similar lake 
(Black Lake, Washington), which has rarely been treated with copper and has low 
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concentrations of sediment copper, is also impaired as to numbers and diversity of 
macroinvertebrates and this effect can be attributed to toxins other than copper that are 
present in this sediment.  
 

4.2.2 Environmental Persistence 
 
Summary: Copper does not persist in the water column and it is primarily removed by 
sorption to the bottom sediment. Sorption to the sediment appears to be very rapid in the 
presence of kaolinite and montmorillonite clays at low pH (<6.5). Copper is also 
detoxified within the water column by the formation of various inorganic and organic 
complexes, primarily, carbonates, amino acids, polypeptides and humic substance. 
Copper may also be removed from the water column by formation of complexes with 
hydroxide, phosphates or sulfides, which precipitate on or are adsorbed by bottom 
sediments. Bacteria do not degrade copper. However, they can degrade organic 
complexing agents that are typically found in the commercial copper-complexes such as 
K-Tea™. The complexing agent TEA, reached a maximum of 52% of the applied 14C-
label at day 3 but dropped to 6% of the applied 14C-label by 30 days after application. 
Forty percent of the applied K-Tea™ was mineralized to carbon dioxide in 30 days; 
smaller amounts of DEA and MEA were also seen and DEA was rapidly degraded 
(Spare, 1996a). The complexing agent (EDA) from Komeen® also degraded under 
aerobic aquatic conditions and was primarily associated with fulvic acid, humic acid and 
humin; only 8% of this 14C-EDA was mineralized to carbon dioxide and the remainder 
(23%) was extractable intact from the sediment (Spare, 1996b). For K-Tea™ and 
Komeen®, the bulk of the copper was initially removed from the water column by 
adsorption to the sediment; ~64% and ~95% of the applied 14C-K-Tea™ and 14C-
Komeen® were removed from the water column by sorption to sediment.  
 
Concentrations of copper accumulated within the plant do not degrade and are released 
intact from the dead and dying plants and/or are likely to be incorporated in the sediment 
along with the lignin from these plants. Typical bioconcentration in freshwater aquatic 
macrophytes ranged from 30- to 54,000-fold (Janus et al, 1989 in ACP, 1999). 
Concentrations of copper in aquatic macrophytes have been seen to accumulate to very 
high levels prior to the death of plants in treated water. Concentration of copper in 
macrophytes is as low as 47 ppm in Myriophyllum verticillatum and 25 ppm in Elodea 
canadensis. However, leafy pondweed and Sago pondweed accumulated copper in their 
tissues at rates above 4,000 ppm (Hanson and Stefan, 1984). Copper can persist in 
sediment for a very long period of time and is eliminated at a very slow rate in lakes and 
reservoirs. However, the amount of copper may decrease with time in surface sediments 
when a water body is not treated for a period of time. This decrease in surface sediment 
copper concentration is primarily due to new sediment with lower copper concentrations 
covering the older sediment (Sanchez and Lee, 1978). Both longer and shorter resident 
times in the sediment have been observed.  Copper can persist in the sediment of 
irrigation canals for longer than three years (Gangstad, 1986).  However, copper was 
observed to be rapidly eliminated to background levels within 7 to 8 days from the Roza 
Main Canal (Washington) (Nelson et al, 1969). Once copper has been bound to the 
sediment, it appears to be inactivated or biologically unavailable at fairly high 
concentrations. However, sediment concentrations as high low as 110 ppm Cu are 
generally considered high enough to cause adverse impact to sediment organisms.  
As discussed previously, bioconcentration of copper in plants is very high. Copper 
concentrations in freshwater algae is also high (BCF = 400- to 21,000-fold). 
Furthermore, the BCF in freshwater zooplankton, molluscs, crustaceans, insects and fish 
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can also be very high (BCF = 35,000, 1,700 to 23,000, 80 to 6,000, 200 to 14,000 and 1 
to 450, respectively. The Asiatic clam accumulates copper to concentrations as high as 
216 to 1,431 ppm when treated at water concentrations of 0.001 to 0.057 ppm (Cu as 
copper sulfate). However, the eastern oyster is able to maintain a copper homeostasis of 
~60 ppm Cu when exposed to 0.01 to 0.05 ppm Cu, because oysters are capable of 
closing their shell and preventing the uptake of copper into their tissue (Silva and Qasim, 
1979 and Graney et al, 1983). Although many species of fish bioaccumulate copper, both 
catfish and rainbow trout are capable of maintaining copper concentrations in their 
muscle tissue at concentrations that are not much higher than background, and it seems 
unlikely, that fish will bioaccumulate copper at concentrations high enough to adversely 
impact the human consumer (Griffin et al, 1997 and Bohl et al, 1982).  

 
The environmental persistence of copper products in the field can be quite variable; the 
dissipation half-life in water varies from approximately 1 to 7 days in the field. The time 
to reach steady state (background concentration) ranges from 2.3 days to 25 days. 
However, the most typical half-life and time to complete dissipation are 1 to 2 days and 
10 days, respectively (Wagemann and Barica, and EPA, 1985). In laboratory studies, the 
aerobic aquatic half-lives for K-Tea™ and Komeen® were 7.0 and 0.07 days, 
respectively. Copper products disappear from the water column fairly rapidly. However, 
elemental copper has an indefinite half-life, and is removed from the sediment in a 
relatively short period of time (7 to 8 days) when the sediment contains few binding sites 
(low clay and low organic content) and the effects of a fairly strong water stream is 
present (Harrison, 1986). 
 

4.2.2.1 In Water 
 
A detailed review of the persistence of copper in water can be found in Sections 3.2 and 
3.5. The dissipation half-life for copper ranges from 1 to 7 days (Wagemann and Barica, 
1979; Nelson et al, 1969; Serdar, 1995 and EPA, 1985).  Wagemann and Barica et al 
(1979) found that in seven lakes in Southwestern Manitoba the half-lives of copper from 
copper sulfate treatments were 0.923 days to 6.9 days and that the time until a steady 
state was reached was 2.3 to 25 days. However, typical half-lives were 1 to 2 days and 
the times until a steady state was reached was up to 10 days (Wagemann and Barica, 
1979). Similar half-life times were observed for a cranberry bog in Massachusetts (EPA, 
1987). The half-life of copper sulfate at Sylvia Lake (Washington) appeared to be 1 to 4 
days. The concentrations in the lake stayed at levels higher than 0.010 ppm Cu for up to 
18 days. Half-lives for copper in the water of irrigation canals was observed to be less 
than one hour and the time to equilibrium (return to background levels) was 1 to 3 days at 
Sunnyside (Washington), Farmers Ditch (Colorado) and Friant-Kern Canal (California) 
(Nelson et al, 1969, Gangstad, 1986 and EPA, 1985). In laboratory aerobic aquatic 
studies the half-lives of K-Tea™ and Komeen® were 7.0 days and 0.07 days for the 
intact molecules (Spare, 1996a and Spare, 1996b). However, it can be assumed that the 
same amount of elemental copper was in the test system at all times during the study. 
Copper itself will not degrade and may have biological impact within the system for an 
indeterminate period of time (Reinert and Rodgers, 1987). While bacteria are not 
involved in the degradation of elemental copper, they can degrade the complexing agent 
(TEA for K-Tea™ and EDA for Komeen®) of commercial copper-complexes fairly 
rapidly. Bacteria present in aerobic aquatic systems degraded 14C- K-Tea™ to 14C-TEA, 
14C-MEA and 14C-DEA within 30 days followed by mineralization to carbon dioxide; in 
30 days approximately 40% of the applied 14C- K-Tea™ was degraded to 14CO2. The 
majority of 14C-EDA from 14C-Komeen® was degraded and incorporated into natural 
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products including 29% 14C-fulvic acid, 12% 14C-humic acid, 24% 14C-humin and 8% 
14CO2.  
 
Copper sulfate was applied to seven pothole lakes in Manitoba at concentrations ranging 
from 0.048 to 0.510 ppm and reached a steady state of 0.0038 to 0.087 ppm in 2.3 to 25 
days. The rate of copper dissipation was slowest at the lowest initial concentration and 
most rapid at the highest initial concentration. The correlation between initial application 
rate and rate of dissipation was fairly high (0.65). It is unclear if this is a real factor or an 
artifact (Wagemann and Barica, 1979).   
 
In Massachusetts’s cranberry bogs, the initial copper sulfate application rate was ~0.4 
ppm (4.0 lb/acre-foot). Within 28 days the concentration of copper had fallen to 0.02 ppm 
in two treated bogs at both the surface and subsurface of the bogs. The half-lives of 
copper in the water column in these two bogs was 1 to 3 days at the sub-surface and 3 to 
6 days at the surface (EPA, 1985).  
 
At Sylvia Lake (Washington), the initial application rate of copper sulfate was 0.5 ppm. 
The application was to the eastern two thirds of the lake and it was not applied within 400 
feet of the outlet. This setback distance was specified in the 1991/1992 SEIS. This 
application would result in an entire lake concentration of 0.062 ppm assuming complete 
mixing and dissolution of the applied copper sulfate. One or two days after application 
the concentration in the lake and upper outlet were within 40% of the predicted 
concentration of 0.062 ppm, suggesting that thorough mixing and dissolution of copper 
had occurred. After 18 days, the copper concentrations at all sites and the upper outlet 
were uniform (~0.01 ppm). However, at the lower outlet, the concentration of copper had 
dropped to 0.0035 ppm after only 4 days while the copper concentration was 0.032 to 
0.040 ppm Cu in the rest of the lake. The estimated half-life for copper in Sylvia Lake is 
typically less than 2 or 3 days (Serdar, 1995). 
 
The rate of applications in irrigation canals was 1.0 lb/cfs at Roza Main Canal 
(Sunnyside, Washington), and Friant-Kern Canal (California) and 2.3 to 8.9 lb/hr in 
Farmers Ditch (Colorado). After the large, one time applications to the Roza Main Canal 
and the Friant-Kern Canal, the maximum concentration of copper rose to 1.6 to 3.9 ppm 
within 0.5 to 1.0 miles of the application point, and fell to concentrations below 0.1 ppm 
within 0.5 to 1.5 hours. The Farmer’s Ditch Canal was treated daily during three 
consecutive irrigation seasons and copper concentrations at 0.25 to 1.1 mile downstream 
was 0.40 to 0.50 ppm at an application rate of 8.3 lbs/hr. The maximum concentrations at 
all sites normally decreased significantly with distance and by 9 miles downstream, the 
maximal copper concentration in the water of the Farmers Ditch Canal had decreased to 
0.07 ppm Cu. By 23.2 miles downstream, the maximal copper concentration had 
decreased to 0.038 ppm Cu in water of the Roza Main Canal; by 7.6 miles downstream 
the copper concentration had decreased to 2.41 ppm Cu in the Friant-Kern Canal. It 
typically took 1 to 6 hours from the time of peak concentration for the concentration to 
fall below 0.01 ppm in the Roza Main Canal. However, it could take up to 3 or 4 days for 
the copper concentrations in water to fall below background levels (Nelson et al, 1969; 
Gangstad, 1986 and EPA, 1985).  
 
Levels of copper typically found in water bodies treated with typical concentrations of 
copper sulfate may be high enough to adversely impact more sensitive organisms for 1 or 
2 days, when the laboratory acute LC50s are ~0.010 ppm.  However, it is difficult to 
determine if these concentrations of copper will have adverse impact in natural water 

Supplemental Environmental Impact Statement Assessments of Aquatic Herbicides: 
DRAFT Volume 6 – Copper, Section 4 – ENVIRONMENTAL EFFECTS 

Vol. 6, Sect. 4 – Page 41 



 

bodies. No effect levels for aquatic organisms in natural water bodies can vary 
considerably. Acute and chronic water quality standards for the maintenance of aquatic 
life should not exceed 0.00795 ppm Cu for 1 hour or 0.00564 ppm Cu for 4 days at a 
hardness of 50 ppm CaCO3. However, field studies indicate that a variety of invertebrates 
can tolerate concentrations of copper up to 0.023 ppm in the field and this concentration 
does not appear to have affects on invertebrate community composition. Depending on 
the water quality (hardness, alkalinity, pH copper complexing capacity, temperature, et 
cetera) and the species and condition of the fish present, fish may be able to tolerate as 
high as 4 ppm Cu as copper sulfate. However, at environmental concentrations of 0.12 
ppm, some species of fish moved out of an area while others congregated where 
concentrations of copper were less than 0.1 ppm, such as, at points where there were 
influxes of spring or tributary water. Other species of fish, like the orange-throated darter, 
were not affected at the high exposure concentrations. Still other fish, like bluntnosed 
minnows or creek chub, may be able to survive and behave fairly normally at these high 
copper concentrations but are unable to spawn unless the copper concentration drops 
below 0.060 ppm Cu (Demayo et al, 1982).  
 

4.2.2.2 In Sediment 
 
A detailed review of the persistence of copper in sediment can be found in Section 3.5. 
Copper from the application of copper sulfate products or copper-complexes like K-
Tea™, Komeen®, Cutrine®-Plus, Clearigate®, Nautique™ and Captain™ may have 
significant concentrations and very long half-lives in sediment. The half-lives in sediment 
are often indeterminate since only a change in oxidation state (from anaerobic to aerobic), 
a change (decrease) in sediment and overlying water pH, a cation exchange with other 
dissolved metals, an overturn, solubilization of the matrix or decomposition of the matrix 
is likely to cause a release of sorbed metal from the sediment (Demayo et al, 1982).  
However, except in cases where the sediment copper concentration exceeds 2,000 ppm 
Cu, it appears unlikely that the adsorption capacity of the sediment will be exceeded 
(Teggins and Slinn, 1985). The stability of copper in sediment is very high due to 
irreversible binding that inactivates copper and makes it biologically unavailable if a 
concentration of 110 ppm is not exceeded. Even if this concentration is exceeded, some 
species will be spared if the sediment is particularly effective at binding copper. Certain 
species survive at sediment copper concentrations in excess of 1,000 or even 2,000 ppm 
(Huggettt, 1999, Bennett and Cubbage, 1992 and Suedel et al, 1996). Both laboratory and 
field studies show that copper is stable in association with sediment. Copper has been 
found to be immobile with laboratory adsorption coefficients that vary from 1,000 to 
5,000 L/Kg in fresh water ecosystems, 50 to 570 L/Kg marine sediments and 250 to 
48,000 L/Kg in estuarine sediments (Harrison, 1986). Copper adsorption appears to be 
controlled by a number of factors including, organic carbon content of the sediment and 
water, particle size distribution, pH and copper concentration in the water. Other factors 
that influence the sorption process of copper include sorption of the metal ions on 
hydrous oxide surface sites, cation exchange on clay minerals, binding by organic 
material coated on particles or organic colloidal material, sorption of the metal-ligand 
complex and reaction with acid volatile sulfides. All of these factors appear to be strongly 
correlated with the sorption of copper with the possible exception of reaction with 
volatile sulfides. While volatile sulfides appear to react with and detoxify other heavy 
metals, it is not clear if acid volatile sulfides react with and detoxify copper (Huggettt et 
al, 1999 and Bennett and Cubbage, 1992). Copper from copper sulfate and commercial 
copper-complexes is rapidly removed from the water column by becoming bound to the 
hydrosoil (Teggins and Slinn, 1985; Spare, 1996a and Spare, 1996b). It is not clear if this 
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binding of copper is reversible or not. While Teggins and Slinn (1985) indicate that 
copper is fairly labile and can be desorbed from sediment in water containing 5% 
potassium nitrate and 0.2M TRIEN buffer, this system appears to us to be highly 
artificial. The ready desorption of 80% of the sorbed copper may indicate that the sorbed 
copper remains in a relatively labile form and that sorption is therefore not a permanent 
process. However, desorption appears to be unlikely, particularly in slow moving or 
stagnant waters. Nevertheless, copper may be washed out of sediment containing low 
levels of organic carbon if the sediment is in a strong water stream such as an irrigation 
canal (Harrison, 1986). For example, Nelson et al (1969) indicates that in an irrigation 
system that has been treated only one time at a rate of 1.0 lb CuSO4•5[H2O]/cfs, 
sediment may accumulate copper concentrations that exceed 6.1 to 9.8 ppm. However, 
within 7 to 8 days, the sediment copper concentration should return to pretreatment levels 
(3.9 to 8.1 ppm Cu). 

In general, adsorption is very strong until adsorption capacity is reached (Teggins and 
Slinn, 1985). In typical estuarine sediments the rate of adsorption in the laboratory is 
quite rapid. In a system containing sediment:water in a ratio of 1:10, copper adsorption 
from a Cu2+ solution containing 1,000 ppm Cu is complete in less than 2 hours and the 
copper concentration on the sediment remained at 2,500 ppm for the remaining 3 hours of 
equilibration. It may take a fairly long time for concentrations of copper to reach the 
maximum level that will normally be found in sediment. For example, the addition of 
copper sulfate at 0.062 ppm Cu to Sylvia Lake, Washington did not result in a significant 
increase in sediment copper concentrations. Although a slight increase in sediment 
copper concentration occurred at 2 of the sampling sites (201 ppm Cu pre-treatment to 
258 ppm post-treatment; 99 ppm pre-treatment to106 ppm post-treatment), another site 
showed a decrease in sediment copper concentration after treatment (101 ppm pre-
treatment and 80 ppm post-treatment) (Serdar, 1995). There are many sources of this 
copper contamination including accumulation of copper downstream from hydroelectric 
plants (1 to 7,927 ppm Cu in Montana), drainage from copper mine tailings (1,310 to 
7,650 ppm Cu in Michigan), and copper used as an algaecide (50 to 650 ppm) in Lake 
Monona ,Wisconsin; 180 to 1,000 ppm in Lake Steilacoom ,Washington; and 170, 
10,000, 1,200, 2,000 and 5,600 ppm Cu in Amber Lake, Sisseton Lake, Hall Lake, 
George Lake and Budd Lake, respectively, in Minnesota (Hanson and Stefan, 1984; 
Bennett and Cubbage, 1992 and Harrison, 1986). Pristine water bodies or those that have 
only rarely been exposed to copper from industrial sources or from control of aquatic 
weeds and algae contain sediment copper concentrations that are less than 50 ppm Cu. 
For example, Black Lake (Washington), which has only rarely been exposed to copper 
sulfate for the control algae, has a sediment copper concentration of approximately 30 
ppm Cu. Also, various other water bodies have also not been exposed to high levels of 
copper since their sediment copper concentrations are fairly low (<50 ppm Cu). In the 
United States a few of these water bodies are: Houghton Lake (Michigan), Appalachicola 
River (Florida), Saint Johns River (Florida), Illinois River, Mississippi River (USA), 
Meramec River Basin (Missouri), Genesee River Watershed (New York), Worth 
Reservoir (Texas), Benbrook Reservoir (Texas), Grapevine Reservoir (Texas), Garzalittle 
Reservoir (Texas) and Buffalo River (Arizona) (Harrison et al, 1986). The water bodies 
that typically have the highest sediment copper concentration have usually been exposed 
to copper for many years. For example, the Fairmont Lakes (Minnesota) have been 
treated 3 to 5 times per summer with copper for 58 years at use rates that ranged from 
0.13 to 0.21 ppm (0.9 to 9.1 lbs copper sulfate/acre) in 1927 to 0.5 ppm (9.4 to 22.2 lbs 
copper sulfate/ acre) in the 1940s (Hanson and Stefan, 1984). Lake Steilacoom has been 
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treated almost yearly for over 25 years. Lake Monona (Wisconsin) was treated from 1924 
until the 1950s with 100,000 pounds of copper sulfate per year (Wisconsin, 1990).  

Other water bodies have been treated with the commercial copper-complexes like 
Komeen® and Cutrine®-Plus. For example, Guntersville Reservoir has been treated with 
Komeen® and diquat at 0.4 plus 0.4 ppm (Rodgers et al, 1992). Cutrine®-Plus has been 
used in Wisconsin for algae control. The use rate was not specified, but both of these 
products dissociate into copper cation and a free amine (TEA or EDA). The free amines 
should be degraded to ammonia, simple organic acids (humic acid, fulvic acid and 
humin), aldehydes and carbon dioxide. The copper may be chelated to other inorganic or 
organic compounds in the water or adsorbed to soil particles. Copper can be released 
again to the water column if the natural chelating organic molecules like amino acids, 
polypeptides or humic substances degrade, other cations displace the copper cation in a 
cation exchange with clay and/or certain organic molecules, the matrix is solubilized or 
decomposed or the redox state of the sediment changes from anaerobic to aerobic 
(Demayo, 1982 and Wisconsin, 1990). It is noteworthy that Demayo et al claim that 
aerobic conditions will cause the release of copper from the sediment while Wisconsin 
Department of Natural Resources claims that it is anaerobic conditions that will result in 
release of copper from the sediment. 
 

4.2.2.3 In Soil 
 
The presence of copper in soil is not anticipated from aquatic treatment unless flooding 
occurs or the treated water is used for irrigation. The labels prohibit use of copper treated 
water for irrigation when the copper concentrations are higher than 1.0 ppm Cu (Copper 
labels – See Section 1).  Gangstad (1986) has indicated that copper sulfate may be used 
daily in irrigation systems without significant impact on irrigated soils or crop plants. 
When copper sulfate was used in Farmers Ditch (Colorado) at rates of 2.5 to 8.7 lbs/hour 
(0.05 to 0.5 ppm), 60% of the applied copper remained in the ditch bottom. “If 40% of 
the copper gets to the cropland that would amount to a total of 600 pounds per season 
applied over 3,000 acres or an equivalent of 0.2 pounds per acre. Assuming this quantity 
of copper would be distributed throughout the top 6 inches of soil, it would amount to the 
addition of about 0.1 ppm copper per season. This low level of copper addition would not 
be expected to be a hazard to crop production since copper is essential to crops.” The 
toxicity of copper in nutrient solutions and sewage sludge applied as fertilizer is shown 
for a variety of crop plants in Tables 10 and 11. Some crops are much less susceptible 
than other crops. Demayo et al (1982) citing Baker (1974) and Pratt (1973) estimates that 
2.6 mg Cu/Kg soil can be applied for 5 to 10 years on sandy soils and for up to 60 years 
on soils with a high cation exchange capacity without reaching toxic levels for crop 
plants. Various crops can withstand irrigation with water containing from 0.2 ppm to 5.0 
ppm. The suggested maximum copper concentration in irrigation water used on a 
continuous basis or on sensitive plants like vegetables should not be higher than 0.2 ppm 
Cu. On less sensitive plants like cereals, it is recommended that the copper concentration 
in irrigation water should not exceed 1.0 ppm Cu. For short-term use, the concentration 
limit for irrigation water may be increased to 5.0 ppm. 
 

4.2.2.4 Potential for Bioaccumulation or Bioconcentration in Fish, Aquatic Invertebrates, 
Phytoplankton, Zooplankton, Birds, Mammals and Insects 
 
In the 1985 Registration Standard for copper sulfate, EPA waived the requirement for 
accumulation studies because this group of compounds are water soluble and probably 
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have octanol/water partition coefficients of <1,000 (Table 4). Furthermore, field 
accumulation studies on aquatic non-target organisms were also waived for copper 
sulfate since it is assumed that this group of compounds is water soluble and probably 
have low potential to bioaccumulate. However, natural copper-complexes are extractable 
into chloroform and therefore may have a greater tendency to bioaccumulate than copper 
sulfate (Demayo et al, 1982). 
 
Both laboratory and field data indicate that aquatic organisms can bioaccumulate very 
high levels of copper. This level of bioconcentration is generally much higher than the 
levels that are found in the water column (Janus et al, 1989 in ACP, 1999, and Harrison, 
1986). While copper concentrations appear to depurate fairly slowly (Silva and Qasim, 
1979), the potential for copper to biomagnify as it travels up trophic levels is low 
(Krumholz and Foster, 1957). However, in a review article Harrison (1986) stated, 
“Because copper concentrations depend on many factors, differences may be large among 
organisms of a single species taken from different sites, among organisms of a single 
species taken from the same site at different times, and among organisms of different 
species taken from the same site at the same time.” Furthermore, “Because elevated 
copper concentrations in water are potentially toxic to living organisms, it is important to 
know by how much water concentrations may be increased above the normal range in the 
environment before enrichment by lower trophic-level organisms has an impact on other 
organisms in the food web or before commercial species become unsuitable for food.”  
 
The potential for bioaccumulation (BAF) and bioconcentration (BCF) can range from 
non-accumulative (BCF = 10) to highly accumulative (BCF = >8,000) in various aquatic 
species of plant, invertebrate animal and fish (Janus et al, 1979 in ACP, 1999) (Table 4a). 
For example, the bioconcentration of copper in algae ranges from 400 to 21,000 in 
freshwater and 75 to 27, 000 in seawater. Typically in freshwater green algae, the 
bioconcentration factor ranges from 2,000 for Chlorella regularis to 4,000 for 
Chlorococcus paris (Sakaguchi et al, 1977 and Les and Walker, 1984 in ACP, 1999). For 
seawater species, the bioconcentration factor ranges from 74 in the green algae Chlorella 
salina to 617 in Heteromastix longifillis (Riley and Roth, 1971 in ACP, 1999).  
 
The bioconcentration factor for copper in macrophytes is generally lower than for algae 
but can range from 30 to 54,000 in freshwater species to 10,000 to 20,000 in most 
seawater species. When the concentration of copper was low (0.001 to 0.003 ppm), 
copper was accumulated in the tissue of Myriophyllum verticillatum at concentrations of 
37 ppm (BCF = 12,000 to 37,000) while the concentration of copper in the tissue of 
Elodea canadensis was 25 ppm (BCF = 8,300 to 25,000). However, concentration of 
copper in leafy pondweed and sago pond weed were seen to be higher than 4,000 ppm 
(BCF = >8,000) prior to succumbing to the toxic effects of copper sulfate assuming 
treatment rates as high 0.5 ppm Cu (Hanson and Stefan, 1984). 
 
The bioconcentration of copper in invertebrate tissue can be very high in freshwater and 
seawater species (Table 4A). The BCF in freshwater for Zooplankton, annelids, molluscs, 
crustaceans and insects was 35,000, 23,000, 1,700 to 23,000, 80 to 6,000 and 200 to 
14,000, respectively.  In seawater, the BCF for invertebrates was 250 to 2,700, 100 to 
2,550, 10 to 28,000 and 7,000 to 10,000 for zooplankton, annelids, molluscs and 
crustaceans, respectively. The freshwater Asiatic clam is known to accumulate copper to 
concentration as high as 316 to 1,431 ppm (BCF = 316,000 and 17,720) when the copper 
concentration in water was 0.001 to 0.057 ppm (Cu as copper sulfate) (Graney et al, 
1983). Concentrations of copper in oysters and mussels taken from the natural 
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environment (United Kingdom) can be fairly high ranging from ~7 ppm to approximately 
100 ppm. Oysters from these British sites did not grow well but it was believed that 
factors other than high copper levels were causing this adverse impact (ACP, 1999). The 
Eastern oyster (Crassostrea virginica) is able to maintain a copper homeostasis of ~60 
ppm Cu when exposed to 0.01 to 0.05 ppm Cu in water, because oysters are capable of 
closing their shells and preventing the uptake of copper into their tissue (Silva and 
Qasim, 1979). 
 
Fish may bioaccumulate copper at bioconcentration factors of 1 to 450 in freshwater and 
150 to 700 in seawater. However, both catfish and rainbow trout are capable of 
maintaining copper concentrations in their muscle tissues that are not significantly higher 
than background levels. However, in catfish, the concentration of copper in the liver may 
be high enough to cause adverse impact on growth when the treatment concentration 
ranges from 1.3 to 3.6 ppm (Griffiin et al, 1997). Trout treated with 1.0 ppm copper 
sulfate for 5 consecutive days per month for 18 months had concentrations of 0.82 ppm in 
their muscle tissue, which is about twice the background levels (Bohl et al, 1982). 
Concentrations of copper in edible fish tissue will probably not bioaccumulate to high 
enough levels to adversely impact the human consumer. This is reflected by the fact that 
EPA (1985) allows consumption of fish caught immediately after the treatment of a water 
body with up to 1.0 ppm copper from copper sulfate or the commercial copper-
complexes.  However, the background levels of copper in bivalves may be fairly high 
when the background concentration of copper in water is as low as 0.001 ppm Cu 
(Graney et al, 1983).  
 
The concentration of copper in fat free tissue of terrestrial animals is generally fairly low. 
The concentration of copper in the edible fat free tissue (muscle) of pigs ranges from 2.5 
to 3.2 ppm while the concentration in the edible fat free tissue (muscle) of rabbits ranges 
from 1.5 to 4.0 ppm. The highest concentration of copper in animal tissue is usually 
found in heart, liver, spleen, lung and aorta and tends to decrease from birth to maturity. 
For example, normal liver copper concentrations range from 100 to 400 ppm in sheep, 
cattle and ducks while normal liver copper concentrations range from 10 to 50 ppm in 
rabbits, cats, dogs, pigs, domestic fowl and turkeys. Copper concentrations in sheep livers 
are as high as 1,600 to 3,000 ppm in a few cases. Such high concentration can be 
hazardous to human health. However, feeding rates in excess of 4 mg Cu/Kg body weight 
would be necessary. For example, a 100 pound sheep would have to consume 
approximately 20 liters of water containing 10 ppm copper to accumulate a liver dosage 
high enough to cause toxicity in humans who might eat that organ. Since it is not unheard 
of for sheep to drink from 4 to 10 liters of water in a day, the Canadian government 
guidelines recommend a maximum copper concentration in drinking water of 2 ppm for 
sheep and 5 ppm for other farm animals. The Australian Government guidelines 
recommend not more than 0.5 to 2.0 ppm copper in the drinking water of farm animals, 
and the U.S. NAS recommends that the drinking water for livestock contain no more than 
0.5 ppm Cu (Demayo, 1982). The U.S. EPA recommends that water used for irrigation, 
livestock watering and household purposes contain no more than 1.0 ppm Cu (EPA, 
1985). 
  
• Bioaccumulation and bioconcentration  
 

The uptake of copper by algae in the laboratory has been previously discussed. In 
water taken from the field, the green algae (Cladophora glomerata), accumulated 
copper from filtered Lake Ontario water by approximately 2,000-fold. The 
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bioconcentration of copper in this species was also high in water taken from western 
Lake Erie (BCF = 1,000) and the Spokane River in Washington (BCF = 2,500). 
Unspecified periphyton exposed to copper concentrations of 0.009 and 0.002 ppm 
accumulated copper at concentrations of 159 and 42 ppm Cu (BCF = 17,700 and 
21,000).  
 
Various macrophytes also accumulate copper when exposed to water copper 
concentrations of 0.009 and 0.002 ppm. For example, Eleocharis, Nymphaea, 
Equisetum and Nuphar accumulated copper in their roots at levels of 20 to 88 ppm 
Cu (BCF = 2,200 to 9,800) when exposed to water containing 0.009 ppm Cu, and 
accumulated 6 to 34 ppm Cu (BCF = 3,000 to 17,000) when exposed to water 
containing 0.002 ppm Cu. Leaves of these species accumulated similar amounts of 
copper. The concentration of copper in sediment correlated well with the amounts of 
copper found in the roots of Eleocharis and Nymphaea but not for Equsetum and 
Nuphar (Hutchison et al, 1975 in Demayo et al, 1982). In the field, Myriophyllum 
verticillatum accumulated 37 ppm Cu and Elodea canadensis accumulated 25 ppm 
copper from water that contained ~0.002 ppm Cu in water overlying sediment that 
contained 345 ppm Cu. As the season progressed, the concentration of copper in 
these plant tissues appeared to decrease, probably due to increases in plant mass. 
Other plants also accumulated copper from water containing 0.01 to 0.1 ppm Cu. The 
BCF was 78-fold for floating Nuphar luteum leaves, 870-fold for submerged 
Myriophyllum spicatum and 2,800-fold for the moss Hygroamblystegium sp. 
 
The Fairmont Lakes (Minnesota) were treated with up to 0.5 ppm (Cu as copper 
sulfate), and leafy pondweed and Sago pondweed accumulated copper to 
concentrations higher than 4,000 ppm before succumbing to the treatment.  It is likely 
that treatment of lakes in Illinois at very high rates of copper sulfate for every week 
in the summer for 17 years may have caused similar copper accumulation in algae 
and macrophytes, leading to a lake that had become devoid of aquatic plants and did 
not have algal blooms (Hale, 1972 and Hasler, 1947 in Hanson and Stefan, 1984). 
The death of this standing stock of algae and macrophytes after accumulating high 
levels of copper in their tissue will no doubt lead to increases in the concentration of 
copper in the sediment as the plant tissue decays and becomes incorporated.  
 
Copper is also adsorbed extensively by zooplankton (BCF = 35,000 in freshwater and 
250 to 2,700 in seawater), annelids (BCF = 23,000 in freshwater and 100 to 2,550 in 
seawater), molluscs (BCF = 1,700 to 23,000 ppm in freshwater and 10 to 28,000 in 
seawater) crustaceans (BCF = 80 to 6,000 in freshwater and 7,000 to 10,000 in 
seawater), insects (200 to 14,000 in freshwater) and fish (1 to 450 in freshwater and 
150 to 700 in seawater) (Janus, 1989 in ACP, 1999).  Some edible fish species 
(catfish and rainbow trout) do not bioaccumulate copper in their muscle tissue to 
levels that will impact the human consumer (i.e. the application rates from 1.0 ppm 
for rainbow trout to 1.3 to 3.6 ppm for catfish). These species often do not 
accumulate copper at concentration more than 2-fold higher than the levels of copper 
found in the edible tissue of control fish.  However, certain bivalves and gastropods 
accumulate copper from water treated with copper sulfate or Cutrine®-Plus at fairly 
high levels even though the concentration of copper in the treated water or field 
situation is fairly low. For example, the freshwater Asiatic clam (Corbicula fluminea) 
has accumulated copper at levels up to 316 ppm (BCF = 316,000) from water where 
no additional copper sulfate has been added and the water copper concentration is 
0.001 ppm. At treatment rates of 0.016 and 0.057 ppm Cu, Corbicula fluminea 
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accumulates copper in their tissue at concentrations of 725 and 1,431 ppm (BCF = 
22,571 and 17,720), respectively (Graney et al, 1983). Fairly high levels of copper 
ranging from ~7 to ~100 ppm were found in oysters with poor growth rates taken in 
the United Kingdom. However, it is believed that these concentrations are not high 
enough to impact growth in oysters and some other “toxic” or environmental factor 
must be responsible (ACP, 1999). The Eastern oyster (Crassostrea virginica) is able 
to maintain a copper homeostasis of ~60 ppm Cu when exposed to 0.01 to 0.05 ppm 
Cu in water, because oysters are capable of closing their shells and preventing the 
uptake of copper into their tissue (Silva and Qasim, 1979). 

 
After treatment of field sites in the Loxahatchee National Wildlife Refuge with 
Cutrine® Plus at rates of 0.56 ppm Cu, the concentration of copper in the tissue of 
the apple snail (Pomacea paludosa) rose from as low as 13 ppm Cu prior to treatment 
to approximately 80 ppm 1 week after treatment. At this concentration in mantle 
tissue, the snails appear to remain healthy, which is not surprising since the 
concentration of copper in the treatment area drops rapidly to 0.044 ppm in 24 hours. 
In test systems that contain 15 liters of water, 2 grams of sediment and 1.5 grams of 
food (lettuce), the 96-hour LC50 was approximately 0.044 ppm Cu as Cutrine®-Plus. 
Since the Cu2+ released from Cutrine ®-Plus should be complexed with natural 
inorganic and organic ligands, which are not toxic to many species, the apple snail 
may be able to survive an even high concentration of copper for short periods of time 
(Winger et al, 984).  
 
Although extensive laboratory bioaccumulation of copper occurs in the tissue of 
some species of fish, short-term laboratory or field exposure of fish to copper sulfate, 
Cutrine®-Plus or Komeen® is not likely to produce high concentrations of copper in 
fish tissue. For example, the laboratory exposure of rainbow trout for 96 hours to 
copper sulfate or Cutrine®-Plus concentrations ranging from 0.125 to 8.0 ppm 
resulted in bioconcentration factors that did not exceed 2.9 for copper sulfate or 6.8 
for Cutrine®-Plus. The bioaccumulation factor did not seem to correlate with 
treatment concentrations. This experiment is flawed though, since higher 
concentration of copper sulfate pentahydrate or Cutrine®-Plus may be toxic to 
rainbow trout (EPA, 1985 and Cutrine® Fact Sheet, no date).  
 
In field studies with combined exposure to Komeen® and diquat at 0.4 plus 0.4 ppm, 
the bioaccumulation of copper in fish (whole fish), mollusc and plant tissues 
collected 48, 21 and 21 hours after treatment were 50, 83, and 71 ppm Cu (BCF = 
1,900, 2,200 and 1,860), respectively (Table 4B). The calculated the BCF for fish, 
molluscs and plants were 1,765, 5,511 and 4,732, respectively. Regardless of the 
calculation method, it is apparent that copper from Komeen® treatments accumulated 
in the tissue of aquatic organisms taken from the Guntersville Reservoir. Although 
copper from Komeen® treatment accumulates in the tissue of aquatic organisms, the 
maximal levels in fish, mollusc and plant tissue are not much higher than background 
levels. The background copper levels were 26, 38 and 21 ppm, respectively, and the 
maximal concentrations were 50, 83 and 77 ppm, respectively, which were only 1.9-, 
2.2- and 3.9-fold higher than in control animals. This data and the laboratory data 
collected on oysters and catfish exposed to copper sulfate and rainbow trout exposed 
to copper sulfate and Cutrine®-Plus, indicate that copper should not be expected to 
accumulate in the edible tissue of fish or molluscs at levels that will be toxic to the 
human consumer (Griffith et al, 1997; Bohl et al, 1982; Silva and Qasim, 1979; EPA, 
1985 and Rodgers et al, 1992).  
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Other non-edible species of molluscs, annelids, crustaceans, insects, amphibians and 
fish bioaccumulate copper from waters or sediments containing cupric copper (Cu2+). 
For example, the isopod (Asellus meridianus accumulates copper at concentrations 
ranging from 430 to 1,170 ppm Cu (BCF = 860 to 2,340) from water containing 0.5 
ppm Cu. The difference in the high and low values appears to be due to the copper 
tolerance of the organisms with tolerant organisms accumulating higher levels by 
sequestering copper in their hepatopancreas. Chironomids, which are also naturally 
tolerant to copper sulfate, also sequester copper in their tissue, possibly through the 
formation of a non-toxic metalloprotein (Suedel et al, 1996). Other insects exposed to 
water copper concentrations of 0.3 ppm Cu bioaccumulated copper in their tissues 
with Trichopera (caddisflies), Plecoptera (stoneflies), Odondata (dragonflies), 
Neroptera (spongilla flies) and adult Coleoptera (aquatic beetles) accumulating 
copper in their tissues at 1,000, 615, 768, 183 and 47 ppm, respectively (BCF = 
3,300, 2,000, 2,600, 370 and 160) (Brown, 1977 in Demayo et al, 1982).  
 
Oligochaete annelids (Tubifex spp.) and molluscs (Fusconaia flava, Quadrula 
quadrula and Amblema plicta) were collected from the Illinois River (water 
concentration = 0.001 ppm Cu and sediment concentration = 19 ppm Cu). The 
concentration of copper was 23 ppm Cu for the annelid and 1.2 to 1.7 ppm Cu for the 
molluscs (Mathis and Cummings, 1973) (Table 5A). Concentrations of copper in fish 
collected from the Illinois River were high relative to the concentration of copper 
found in water (~0.1 to ~0.3 ppm Cu; BCF = 100 to ~300). 
 
In water with a copper concentration of 0.4 ppm Cu (32 ppm Cu in sediment), 
elevated copper concentrations (38 ppm Cu; BCF = 95) were found in the tissue of 
mosquito fish and tadpoles (Rana sp.). Plant species (rooted macrophytes and algae) 
in this water body (that had been contaminated with coal ash) accumulated copper at 
a concentration of 14 ppm Cu (BCF = 350). Unspecified invertebrate species 
accumulated copper at concentrations of 67 ppm Cu (BCF =170) (Cherry and 
Guthrie, 1977 in Demayo et al, 1982) . 
 
Although the concentration of copper in the tissue of fish and molluscs can be as high 
as 50 to ~100 ppm, respectively, fish tissues typically contained much lower 
concentrations of copper even when the treatment rate was high. For example, the 
maximum concentration of copper in Green sunfish tissue (3 ppm Cu) exposed to 
pond water containing 3 ppm Cu was not higher than the level found in water 
(McIntosh, 1975 in Demayo et al, 1982).  Also, rainbow trout from ponds treated for 
5 days per month with 1 ppm Cu (as copper sulfate) for 18 months only accumulated 
copper in their edible tissue to a concentration of 0.82 ppm, which was below the 
levels found in treatment water (Bohl et al, 1982). This lack of accumulation in fish 
tissue indicates that the bioconcentration effects of copper should not cause health 
impacts on human consumers. This is, in general, the position of the U.S. EPA (1985) 
providing that the treatment rate is not higher than 1.0 ppm Cu.  
 
The small amount of data on the levels of copper in terrestrial domestic vertebrates 
was previously discussed and copper levels in non-fatty tissue was found to range 
from 1.5 to 3.2 ppm in pigs and rabbits. However, liver concentrations could be very 
high with concentrations of copper ranging from 100 to 400 ppm in sheep, cattle and 
ducks. However, the liver copper concentration in rabbits, cats, dogs, pigs, domestic 
fowl and turkeys was only 10 to 50 ppm. In sheep fed high levels of copper (4 mg/Kg 
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body weight), liver copper concentrations could be as high as 1,600 to 3,000 ppm). A 
100 pound sheep would have to consume approximately 20 liters of water containing 
10 ppm copper to accumulate a liver dosage high enough to cause toxicity in human 
beings who might eat sheep liver (Demayo, 1982).  The U.S. EPA recommends that 
water used for irrigation, livestock watering and household purposes not contain 
more than 1.0 ppm Cu (EPA, 1985). 
 

• Persistence within the organism 
 

Many organisms bioaccumulate copper from treatments with copper sulfate, or 
commercial copper-complexes like Komeen®. Retention time in the tissues of 
molluscs, fish and plants can be quite long. For example, after accumulation of ~60 
ppm copper from the exposure of eastern oyster (Crassostrea virginica) only 37% of 
the copper was depurated from the mantle tissue in 7 weeks. This is considered to be 
a long depuration time since it takes longer than 4 weeks to eliminate 90% depuration 
of the applied copper from the mantle tissue (Silva and Qasim, 1979). In typical fish 
species, the half-life of copper was much shorter than that observed for oysters. For 
example, the half-life of copper in the redear sunfish (Lepomis gibbosus) is very short 
(1.6 to 4.8 hours) (Anderson and Spear, 1980 in Demayo et al, 1982). Such short 
tissue half-lives would lead to a 90% depuration within 5.3 to 16 hours. However, 
copper depurates more slowly from the green sunfish (Lepomis cyanocephalus) with 
return to background levels taking as long as 79 days. The copper remained in fish 
tissue for 5 weeks longer than in the treated pond water (McIntosh, 1975 in Demayo 
et al, 1982). In molluscs from the Guntersville Reservoir treated with Komeen® plus 
diquat, depuration of copper was fairly slow with only 60% of the adsorbed copper 
depurated in 29 days. The half-life time for depuration of copper from these molluscs 
would be approximately 21 days and it would take approximately 70 days for 90% of 
the adsorbed copper to depurate (Rodgers et al, 1992). In aquatic macrophytes from 
the Guntersville Reservoir treated with Komeen® plus diquat, it took 29 days to 
depurate 95% of the adsorbed copper. The half-life time for depuration of copper 
from these plants would be approximately 7 days and it would take approximately 22 
days to depurate 90% of the adsorbed copper from the tissue of these plants (Rodgers 
et al, 1992).  
 
Elemental copper will not be metabolized by fish or aquatic invertebrates. However, 
if organic complexing agents like TEA in the case of K-Tea™ and Cutrine®-Plus or 
EDA in the case of Komeen® are adsorbed along with the cupric copper, these 
organic molecules will be degraded. However, no studies indicate that the 
metabolites of TEA and EDA might be in aquatic organisms. Commercial copper-
complexes are generally believed to not be adsorbed extensively by aquatic 
organisms prior to their being hydrolyzed to cupric cation and the organic 
complexing agent. This may be the reason that K-Tea™, Cutrine®-Plus and 
Komeen® are considerably less toxic to fish and aquatic invertebrates than copper 
sulfate pentahydrate. 
  
In domestic animals, elemental copper will not be metabolized and it appears to be 
eliminated rapidly from non-fatty (muscle) tissue. However, copper can accumulate 
in the brain, heart, spleen, liver, kidney, and blood. The copper concentration in brain 
tissue increases with age and copper concentration doubles in brain tissue from birth 
to maturity. The copper concentration in the liver, spleen, lung and aorta generally 
decrease from birth to maturity. This data indicates that elemental copper is gradually 
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eliminated from animal tissue, but the rate of this depuration may be slow and 
elemental copper may be deactivated by reaction with proteins, thionein and 
glutathione to form metalloproteins, metallothionein and a copper conjugate of 
glutathione in the liver, blood and other organs (Demayo et al, 1982).  

 
• Potential impacts on the food chain 
 

Copper has a tendency to accumulate in sediment, plants and animal tissue. The 
concentrations in sediment will persist indefinitely and will be released slowly if the 
sediment is located in a water stream and contains only low levels of highly 
adsorbent substrate (organic matter or kaolinite/montmorillonite clays) (Harrison, 
1986). This indicates that elemental copper will not be released rapidly from slow 
moving water like that found in most reservoirs, lakes and ponds. However, 
elemental copper will be fairly rapidly eliminated from some irrigation canals. For 
example, treatment of irrigation canals in Sunnyside (Washington) with copper at 1.0 
lb/cfs will accumulate copper to levels as high as 6.1 to 9.8 ppm Cu in sediment that 
is 0.5 and 23.2 miles downstream from the treatment site within 2 or 3 days of 
application. Concentration of copper in the bottom sediments fluctuated at all 
sampling sites but generally returned to pre-treatment concentration (3.9 to 8.1 ppm 
Cu) within 7 or 8 days, which indicates that sorbed copper was gradually released 
into the flowing stream. This gradual release of sorbed copper into the flowing 
stream is probably due to hydrolysis (Nelson et al, 1969). Other possible mechanisms 
of release of sorbed copper into the water column include: 1) Cation exchange in the 
presence of high concentrations of potassium or other cations (Teggins and Slinn, 
1986); 2) Solubilization or decomposition of the matrix (Demayo et al, 1982); 3) 
Change in redox potential of the sediment from anaerobic to aerobic conditions 
(Demayo et al, 1982); 4) Increasing copper in the water column due to a turnover 
(possibly in both dissolved and particulate form) (Sanchez an Lee, 1978). The 
concentrations in plants may also persist until the plants die and release sorbed 
copper into the water column where it may be rapidly bound to the hydrosoil. The 
bioconcentration factor for copper in algae and plant tissue can be very high in waters 
treated with copper sulfate or Komeen® (Janus et al, 1989 in ACP, 1999 and Rodgers 
et al, 1992). Harrison (1986) has expressed concern that bioaccumulation in algae 
and plants may lead to a biomagnification of copper in zooplankton, annelids, 
molluscs, crustaceans, insects and fish. However, Krumholz and Foster (1957) found 
that the concentration of copper in living tissue decreased as copper proceeds up the 
trophic levels with the bioconcentration factor being 2,000 for phytoplankton, 500 for 
filamentous algae and insect larvae and only 50 for fish. Animals (terrestrial 
vertebrates) adsorb copper and deposit it in brain, heart, spleen, liver, kidney, and 
blood. However, elemental copper is not metabolized and is gradually eliminated 
from all tissues except the brain as elemental copper or conjugates of glutathione. 
Aquatic organisms do not metabolize elemental copper. It is either not accumulated 
(due to rapid conjugation with glutathion and then eliminated) or it may react with 
thionein or certain proteins to form the non-toxic metallothionein or metalloproteins 
and then be deposited in the liver of fish or hepatopancreas or similar organ in 
invertebrates.  
 
 
Although copper bioaccumulates in the lower levels of the food chain, it does not 
biomagnify as it travels up the food chain. Furthermore, as long as copper sulfate and 
commercial copper-complexes are not used at rates higher than 1.0 ppm, fish caught 
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from water containing this concentration and plants and terrestrial animals in contact 
with this water will not present an adverse health risk to humans that consume them.  
 

4.2.3 Potential Impacts of Water Quality on Survival of Aquatic Organisms 
 
4.2.3.1 Effects of Physiological Sustaining Water Chemistry 

 
Summary: Exposure of living plant tissue to copper products or other herbicides usually 
results in secondary effects that may impact the biota. When plants start to die, there is 
often a drop in the dissolved oxygen content. Reduction in dissolved oxygen 
concentration may result in aquatic animal mortality or a shift in dominant forms to 
those more tolerant of anaerobic conditions. There may also be changes in the levels of 
plant nutrients due to the release of phosphate from the decaying plant tissue and the 
oxygen-free sediment/water interface of a lake. Phosphate levels may be further 
heightened by the release of phosphates from the sediment after copper sulfate 
treatments, due to sulfate participation in anaerobic aquatic metabolism. Ammonia may 
also be produced from the decay of dead and dying plant tissue, which may reach levels 
toxic to the resident biota. Ammonia may be further oxidized to nitrite (which is also toxic 
to fish), and the almost nontoxic, nitrate. The presence of these nutrients may cause an 
algal bloom to occur. A variety of factors may affect the toxicity of copper products in the 
water column including pH, hardness, alkalinity, copper chelating capacity of the water, 
the kind of dissolved organic matter and the kind of bed-sediment and suspended 
sediment particles present. For example, low pH conditions (pH = <6.0), particularly 
with the copper-complexes, but also with copper sulfate, may increase the toxicity of the 
cupric cation present in the water column. Both low alkalinity and low hardness may 
increase the toxicity of the copper products by preventing the formation of copper 
hydroxide and copper carbonates, which inactivate copper to a certain degree. The 
presence of inorganic hydroxides, carbonates, cyanates, chlorides, sulfates, sulfides, 
phosphates and nitrates at high pH may also complex with copper, effectively removing it 
as a toxic agent from the water column. Hydroxides, phosphates and sulfides will 
effectively precipitate copper out of solution, changing them into sediment particles that 
may precipitate on or be adsorbed by sediment and other bottom materials (Demayo et 
al, 1982). In the laboratory, copper sulfate is extremely toxic to both fish and 
invertebrates and recent work indicates that mortality is likely to occur at concentrations 
higher than 0.040 ppm Cu. Although 0.250 ppm Cu as copper sulfate is typically 
recommended for the control of blue-green algae like Aphanizomenon flos-aquae, 
concentrations from 0.025 to 0.040 ppm Cu as copper sulfate were effective in 
controlling this algae species without causing rainbow trout kills in fish farming 
situations. Treatment with these levels of copper sulfate controlled algae and water 
copper concentrations returned to pretreatment levels within 8 to 10 days (Whitaker et al, 
1978). However, higher concentrations of the commercial copper-complexes like 
Komeen® K-Tea™, Cutrine®, may be appropriate since the toxicity of these herbicides 
is significantly less toxic than copper sulfate to most species of fish. E.g., the LC50s of 
these complexes to most fish are >30, >4 and >3 ppm, respectively. However, they are 
still extremely toxic to sensitive fish species like rainbow trout (LC50 = 0.076, 0.029 and 
0.030 ppm Cu, respectively). While slower acting than copper sulfate, the commercial 
copper-complexes are generally equal to or more effective than copper sulfate in 
controlling the target species. Copper-complexes like Komeen®, Nautique™ and 
Clearigate® have a wider spectrum of activity than copper sulfate and may be effective 
in controlling or suppressing the growth of a variety of vascular aquatic plants.  
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• Potential impacts of dissolved oxygen 
 

A key factor to survival and maintenance of the aquatic environment is adequate 
dissolved oxygen. The oxygen content of the water should ideally be as close to 
saturation as possible. For warm water environments (15° to 25°C) oxygen saturation 
is 10 mg/L at 15°C and 8.2 mg/L at 25°C. For cold water environments (5° to 15°C), 
oxygen saturation is 12.2 mg/L at 5°C and 10 mg/L at 15°C. Cold and warm water 
are somewhat arbitrary designations. Table 6 shows the sea level saturation 
concentration for oxygen at temperatures from 5° to 25°C.  
 
Warm water fish like sunfish, bass, catfish, carp and shiners can generally survive 
and reproduce at oxygen concentrations of about 5 mg/L (Litler, 1983, personal 
communications). However, while cold water fish are able to survive for short 
periods at dissolved oxygen concentrations as low as 1 to 3 mg/L, concentrations 
needed for long term survival are much higher. It is unlikely that these cold water 
species could go through a life cycle at dissolved oxygen concentrations below 9.0 
mg/L (Welch, 1992 in Shearer et al, 1996).  
 
Treatment with copper products decreases dissolved oxygen content. Oxygen 
depletions are expected following application of copper due to the bacterial 
breakdown of dead plants.  
 
The U.S. EPA (1985) has expressed concern with oxygen depletion causing fish-
kills. They state that, “The use of copper sulfate in open bodies of water as an 
algicide can indirectly affect fish through oxygen depletion or gill clogging by dead 
organisms. Following application, large numbers of bacteria feed on decaying plant 
matter, produce a scum and deplete the oxygen concentration. If this occurs over the 
entire lake or pond, fish can be killed. However, standard procedures suggest that 
only a portion of a lake (one-third) should be treated, thus allowing fish to leave the 
effected area.” 
 
Treatment of lakes with standard use rates of copper sulfate has caused a significant 
drop in the dissolved oxygen content. For example, treatment of Budd Lake 
(Minnesota) with copper sulfate caused the dissolved oxygen content at the surface of 
the lake to drop from pretreatment concentrations of 15 ppm on June 29 to 3 ppm on 
July 3.  While a great difference in dissolved oxygen content existed from the top of 
the lake to the bottom of the lake prior to copper sulfate treatment, there was very 
little difference after treatment (July 3rd). This reduction in dissolved oxygen is 
primarily caused by decomposition of algae killed by the copper sulfate treatment. 
Increasing sulfate concentrations after treatment may also increase the production of 
hydrogen sulfide. If hydrogen sulfide is released, some ferrous sulfide (FeS) will be 
precipitated (Hanson and Stefan, 1984). However, Reid (1961) claims that under 
anaerobic conditions at the sediment/water interface, ferrous iron may go back into 
solution. This addition of sulfate may increase production of hydrogen sulfate and 
fertilize the lake waters by accelerating the loss of iron and increasing the 
regeneration of phosphate from the sediments.  
 
The same anaerobic process that causes phosphorous recycling may also be 
responsible for some of the fish-kills the have occurred in the Fairmont Lakes 
(Minnesota). Seven major fish-kills occurred in the Fairmont Lakes between 1960 
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and 1970. The majority of these fish-kills occurred in Hall Lake where dissolved 
oxygen is depleted more rapidly in its shallow waters after algal-kills than in the 
deeper lakes of the Fairmont Lake system. Because Hall Lake is so large in area, fish 
are unable to escape from its anoxic water into other lakes with higher dissolved 
oxygen content. 
  
However, Gangstad (1978) found that the treatment of the Inglis Reservoir (Florida) 
with copper sulfate plus diquat or Cutrine® plus diquat did not result in a extensive 
decrease in the dissolved oxygen content of surface waters. Dissolved oxygen content 
was fairly low, both before and after treatment (5.7 to 8.0 ppm). A small drop in 
dissolved oxygen content was observed approximately 2 months after treatment with 
either copper sulfate plus diquat or Cutrine® plus diquat. However, this was not 
believed to be due to the herbicidal treatment regiment. Nevertheless, since the 
dissolved oxygen content was generally low during the course of the experiment, it 
was not surprising that nitrate levels decreased and ammonia levels increased in this 
treated reservoir. Although Gangstad (1978) did not measure decreased oxygen 
levels, the increased ammonia levels and decreased nitrate levels would indicated that 
dissolved oxygen content decreased somewhere in the water column or the sediment. 
 
This has been verified by a study conducted in a pond containing eutrophic hard 
water in Franklin, Wisconsin (Daniel, 1972). After application of Cutrine® plus 
diquat at concentrations of 2.2 ppm plus 3.0 ppm to microcosms placed in a pond, the 
dissolved oxygen concentration (DOC) dropped from pretreatment levels of 8 to 11 
ppm to <1.0 ppm for 4 to 8 days. Surface water DOCs returned to normal within 12 
days of application but DOCs at 30 and 90 cm depth took nearly 40 days to return to 
normal. These applications were effective in controlling Siberian watermilfoil. 
However, adverse aquatic impact was noted after this application. One day after 
treatment, the entire resident fish population in this treated microcosm was dead or 
dying. It is not known if mortality was primarily due to the low DOC, the toxic 
effects of the treatment, or a combination of both. However, combined treatments 
with Cutrine®, diquat and Aquathol® at 2.2 ppm plus 1.5 ppm plus 1.5 ppm 
produced similar decreases in the DOC, but had no impact on fish survival.  
 
Daniel (1972) found that treatment with Cutrine® at 2.2 ppm caused a minor drop in 
the surface water dissolved oxygen and the dissolved oxygen concentration remained 
above 4 ppm during the first 12 days after treatment. However, in microcosms treated 
with Cutrine® only, the dissolved oxygen content at depths of 30 and 90 cm 
remained below 1.0 ppm for up to 40 days after treatment and did not return to 
pretreatment levels for at least 100 days after treatment.  
 
Treatment with copper sulfate may result in copper induced production of mucous on 
fish gills that may interfere with respiration. Concentrations as low as 0.006 to 0.060 
may cause rainbow trout and brook trout to increase their cough frequency, 
ventilation rate and opercular amplitude (Sellers et al, 1975 and Drummond et al, 
1973 in Harrison, 1986). Cough frequency, ventilation rate and changes in opercular 
amplitude are all signs of respiratory distress. Similarly, bluegill sunfish alter their 
oxygen consumption rate and increase their ventilation rate while decreasing their 
opercular amplitude when exposure to copper concentrations ranged from 0.30 to .50 
ppm (O’Hara, 1971; Anderson and Spear, 1980 in Harrison, 1986). Mucous 
production, clogging of the gills with dead organisms and the decrease in dissolved 
oxygen may act in concert to produce fish-kills due to respiratory distress after 
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treatment of a water body with copper sulfate. It is presumed that similar effects will 
be seen after treatment with the commercial copper-complexes. 
 
Although the EPA (1985) has expressed concern over pesticide incidents involving 
copper sulfate, they have confirmed only 2 incidences between 1966 and 1980. Also, 
the increase in blue green-algae (Aphanizomenon flos-aquae) has caused summer 
fish- kills in prairie pothole lakes in Canada. However, this only occurred when the 
lakes were not treated with copper sulfate. Treatment with copper sulfate at 0.040 
ppm controlled algae without adversely impacting fish and prevented summer fish-
kill. Although Aphanizomenon flos-aquae re-growth occurred after treatment, re-
growth to levels that would cause summer fish-kill did not occur (Whitaker et al, 
1978).  
 
The above field studies were conducted at typical effective rates of copper sulfate. 
Although cases of fish-kills due to the application of copper products to control algae 
and vascular aquatic plants have been reported, these effects can be avoided if only 
one-third of a water body is treated at one time and 7 to 21 days pass before re-
treatment. Treatment of the water body from the shore outward and treatment of only 
a portion of the water body at one time will allow fish to escape to untreated areas.  
 
The drop in dissolved oxygen concentrations at Franklin (Wisconsin), Fairmont 
Lakes (Minnesota) and other lakes in Wisconsin treated for algal or vascular plant 
control have the potential to adversely impact the more oxygen-sensitive organisms. 
However, due to careful application of the copper-containing aquatic herbicides in 
recent years, there have been few cases of well-documented fish-kills due to the use 
of copper sulfate or commercial copper-complexes. The exact reason for fish-kills 
and invertebrate-kills in treated and untreated lakes is often not clear. They may be 
due to significant drops in the dissolved oxygen content, the toxic affect of the 
applied herbicide or the toxic effects of other heavy metals, pesticides or natural toxic 
substances that have accumulated in the sediment (Bennett and Cubbage, 1992).  

 
• Potential impacts of ammonia, nitrite and nitrate production 
 

It is rare when nitrogen is the limiting factor for production within a freshwater body. 
Several species of blue-green algae have the ability to fix nitrogen. Therefore, 
additions of nitrogen to water bodies is not a major issue. However, Horne and 
Goldman (1974) found that concentrations of copper as low as 0.005 to 0.010 ppm 
reduced nitrogen fixation by 76% and 100% in 2 days. Furthermore, copper 
concentrations of 0.050 ppm rapidly reduced nitrogen fixation to zero and 
photosynthesis in blue-green algae was reduced by 86% in one day. The main species 
involved in this decrease in nitrogen fixation is Anabaena sp. but Aphanizomenon sp. 
may also be adversely impacted.  Although green algae and diatom species like 
Oocystis sp. and Melosira sp. may in many ways be functional replacements for the 
blue-green algae, green algae and diatoms do not fix nitrogen. They also do not 
effectively compete against the blue-green algae, unless the blue-green algae have 
been suppressed by algaecidal application or other changes in environmental 
conditions. For example, Oocystis sp. and Ankistrodesmus spp. which are resistant to 
copper, become the dominant species in pools treated with copper sulfate when the 
treatment is high (2.0 ppm Cu as copper sulfate) and nutrients like ammonia and 
nitrogen are present and the remainder of the algal community has been damaged by 
the presence of copper (Taub et al, 1986). It is possible that if the nitrogen fixing 
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blue-green algae are not present, other species of algae that depend on them to fix 
nitrogen may die after these nutrients have been used up. 
 
As previously discussed, ammonia nitrogen increased in the Inglis Reservoir 
(Florida) shortly after treatment with copper sulfate plus diquat (0.86 plus 1.0 ppm) 
or Cutrine® plus diquat (0.46 plus 1.0 ppm). Ammonium levels were 0.47 ppm and 
0.40 ppm, respectively, 2 to 3 weeks before treatment on August 19 and 21, 1969. 
Although ammonia levels increased shortly after treatment during the first month, the 
concentrations that occurred shortly after this were not specified and 1 to 2 months 
after treatment the ammonia concentrations were 0.26 and 0.15 to 0.18 ppm, 
respectively. Although nitrate was claimed to decrease slowly after treatment, the 
nitrate concentrations were similar at all evaluation times (0.06 to 0.10 ppm). The 
discussion in this paper was not detailed enough to determine if these increases in 
ammonium nitrogen concentrations were due to the decay of Hydrilla verticillata 
and/or algae (Gangstad, 1978). However, the form that the nitrogen took (high 
ammonia levels and low nitrate levels) appeared to be due to the relatively low 
dissolved oxygen concentrations in the water body.  
 
Taub et al (1986) observed that treatment of microcosms in Duluth and the 
University of Washington with 0.5, 1.0 or 2.0 ppm Cu as copper sulfate caused a rise 
in nitrate levels during the first week after treatment which resulted in a rise in the 
algal biovolume. However, this rise in algal biovolume started within 10 days after 
treatment with 0.50 ppm Cu but was retarded in microcosms treated with 1.0 and 2.0 
ppm Cu. The algal biovolume did not increase substantially until at least 3 weeks 
after application. The conversion of algal biomass to daphnid biomass was delayed 
relative to the control by 10 to 20 days in the 0.5 ppm treatment. At the 1.0 and 2.0 
ppm Cu treatment rate, the increase of daphnid biomass was delayed even further or 
did not occur. Although the treatment microcosms were delayed in reaching peak 
algal biomass, they generally obtained a higher biomass than in the untreated 
controls; this may be due the rapid increase in daphnid biomass, which controlled the 
algal biomass in the untreated controls.  
 
The toxicity of ammonia and nitrites to aquatic organisms can be important. 
Experimental Cutrine® plus diquat treatments in microcosms (Daniel, 1972) produce 
marked increases in the levels of ammonia and nitrate/nitrite. On the day of 
treatment, the concentration of ammonia in these microcosms was 0.03 to 0.05 ppm. 
Eight days after exposure (when the dead plants would be rapidly decaying), the 
concentration of ammonia increased to 0.380 to 0.490 ppm. By 16 days after 
treatment, the ammonia concentrations had dropped below the levels found in the 
microcosms prior to treatment. Nitrate/nitrite concentrations followed similar 
patterns, with concentrations of these oxidized nitrogenous compounds being non-
detectable prior to treatment with Cutrine® plus diquat and rising to 0.030 to 0.060 
ppm at 12 days after application. By 16 days after treatment, the nitrate/nitrite 
concentrations returned to levels found prior to application of diquat. No algal 
blooms occurred for 240 days after treatment. Secondary increases in ammonia 
concentrations occurred at 170 and 290 days after application while secondary 
increases in nitrate/nitrite concentration did not occur during the course of the study. 
 
In the case where Cutrine® at 2.2 ppm was used to treat this Franklin (Wisconsin) 
microcosm, ammonia and nitrite/nitrate levels did not appear to be affected. 
Ammonia concentrations in surface waters ranged from 0.010 to 0.140 ppm and 
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appeared to decrease gradually to non-detectable levels in 4 to 12 days after 
treatment. The only marked increases in ammonia during these treatments were at 
170 and 210 days after treatment when concentrations rose to 0.270 to 0.400 and 
0.060 to 0.090 ppm, respectively. It did not appear that treatment with Cutrine® 
alone cause increases in ammonia levels. Nitrate/nitrite concentrations in these 
Cutrine® treated waters do not appear to increase or decrease in any consistent 
manner. These nitrogen species were generally not detected except at 8 and 210 days 
after treatment when the nitrate/nitrite levels ranged from 0 to 0.015 and 0 to 0.130 
ppm, respectively. 
 
In Washington waters, even a small release of ammonia can be a serious issue. The 
whole lake levels of ammonia-nitrogen in Lake Steilacoom during the 1995 season 
exceeded the criterion of 0.100 mg/L during the months of May and October. These 
levels of ammonia are toxic to fish and near-shore runoff containing fertilizers may 
have contributed to the October ammonia peak (Shearer et al, 1996). These levels of 
ammonia are higher than the maximum recommended levels for the culture of 
aquatic organisms and are higher than the EPA criterion (0.091 mg/L) for 4-day 
exposure of salmonids. Since the concentrations of ammonia in the Inglis Reservoir, 
Franklin, Wisconsin and Lake Steilacoom studies exceed levels of 0.01 ppm, there is 
potential for ammonia concentrations exceeding the criterion level or the maximum 
4-day exposure level for salmonid exposure in these water bodies.  
 
The toxicity of ammonia increases with both temperature and pH. As temperature 
and pH increase, the amount of unionized ammonia increases (Table 7). The 
unionized forms of ammonia (NH4OH + NH3) are toxic to aquatic animals. The 
ionized form of ammonia (NH4+) is almost harmless (Goldman and Horne, 1983). 
 
Adsorption of nitrogen-containing nutrients by aquatic macrophytes and algae can 
influence the seasonal dynamics of nitrite and nitrate concentrations. The levels of 
nitrite/nitrate are often higher at the surface of a non-flowing water body than at the 
bottom because under anoxic conditions some bacteria utilize nitrate as a terminal 
hydrogen receptor when oxygen is not available.  
 
Nitrite, although fairly toxic, is rarely a problem in well aerated waters because it is 
rapidly converted to nitrate, and under anoxic conditions it is rapidly converted to 
ammonia. Nitrate is usually not toxic in the quantities found in lakes and rivers (up to 
1 ppm). The drinking water standard is set at about 10 ppm. Polluted streams can 
contain up to 2 ppm of nitrite and small areas near the thermocline may contain 
relatively large quantities of nitrite.  
 
Ammonia levels in Lake Steilacoom sediment are as high as 700 to 960 ppm and in 
excess of the threshold (200 ppm) to classify sediment as polluted with ammonia 
from anthropogenic (man made) sources. It is not clear if these anthropogenic sources 
are copper sulfate or other herbicide treatments, which could lead to the decay of 
plant matter and the release of ammonia. However, it is perhaps more likely that the 
production of these high levels of ammonia in Lake Steilacoom is due to the presence 
of sewage and fertilizer runoff (Bennett and Cubbage, 1992).  
 
If nitrogen is the limiting nutrient, nitrate can participate in the next algal bloom. 
Nitrate and nitrite are formed from the oxidation of ammonia and may persist long 
after algae and plants have utilized the ammonia in their biological processes. The 
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next algal bloom can be due to the presence of nitrate. However, it may take several 
days from the time ammonia becomes in short supply for the next bloom to occur 
because nitrate uptake is slow relative to ammonia uptake and induction of nitrate 
reductase in algae is also fairly slow. Nitrate must be reduced to ammonia in algae 
prior to the initiation of an algal bloom (Goldman and Horne, 1983).  
 

• Potential impacts of nutrient cycling and the release of phosphates and other 
plant nutrients 

 
Phosphate is usually the limiting nutrient in aquatic systems because it is found in 
growing plant and animal tissue as well as the sediment. The sediment typically 
retains phosphorus under aerobic conditions and releases it under anaerobic 
conditions. Released phosphate may result in growth of phytoplankton in the 
hypolimnion (the lower, colder layer of water in a lake) provided the depth is not so 
great that photosynthesis can not take place. When algae or aquatic vascular plants 
are treated with copper sulfate, commercial copper-complexes or other herbicides, 
they die and degradation of algae or plant tissue by microbes can cause phosphate 
and other nutrients to be released. Phosphorous in its organic form cannot be utilized 
and must first be converted to phosphate (PO4) by excretion and decay. Phosphates 
will normally be at very low levels and rarely exceed 0.020 mg/L in the summer or 
0.030 mg/L in the winter. Nitrate and ammonia levels are often many times higher 
than phosphate levels, and plants typically require a 7:1 nitrogen/phosphate ratio by 
weight for maximum growth rate. However, phosphorous depletion is likely in 
freshwaters under normal circumstances. Therefore, the treatment of a water body 
with copper sulfate or a commercial copper complex, which causes release of 
phosphates from the decaying tissue after the plants have died, has the potential to 
cause an algal bloom. While the treatment of a water body with copper sulfate may 
cause the phosphate levels in a lake to rise due to a release of iron/phosphate complex 
from the anaerobic sediment, treatment of an Indiana lake with Cutrine® caused a 
significant decrease in phosphate concentration. However, at the same time 
phosphate concentrations were decreasing, levels of nitrate were increasing due to 
algae decay (Vedder, 1970 in Duke, et al, 1979). 
 
Similar to the effects of Cutrine® plus diquat treatment on the levels of ammonia and 
nitrate/nitrite, the concentrations of all forms of phosphorous including total 
phosphorous, total dissolved phosphorous, particulate phosphorous, ortho-phosphate 
and total dissolved organic phosphorus increased with respect to the control. For 
example, while ortho-phosphate concentrations remained low (<0.029 ppm) in the 
controls for the 370 days of the study, the concentration in the treated microcosm 
rose to ~0.230 ppm 1 day after treatment with Cutrine® plus diquat and remained at 
these levels till 80 days after treatment. Similar phosphate levels were observed for 
total phosphate, total dissolved phosphate. As with nitrogen, algal blooms did not 
seem to be correlated with concentrations of phosphate in the water column (Daniel, 
1972). 
 
Hanson and Stefan (1984) reported that where anoxic conditions exist, hydrogen 
sulfide will be released and some ferrous sulfide will be precipitated. The addition of 
sulfate from copper sulfate treatments will increase the bacterial production of 
hydrogen sulfide and fertilize the lake by accelerating the loss of iron and increasing 
the regeneration of phosphate from the sediment. The decay of algae and plants, after 
treatment with copper sulfate, and the production of hydrogen sulfide (from the 
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addition of sulfate from copper sulfate) may accelerate the production of anaerobic 
conditions at the water sediment interface. This may lead to the release of both 
phosphate and ferrous iron into the water column.  
 
The only other nutrient, frequently in short supply, is iron. Ferric iron may either 
react with or be adsorbed with phosphate into the sediments under typical aerobic 
conditions and become biologically unavailable. Ferrous iron is formed, under 
anaerobic conditions, from ferric iron/phosphate complexes and is released into the 
hypolimnion where algae and plants may utilize it for growth, provided that the light 
is sufficient for photosynthesis. Eh (oxidation/reduction potential), pH and DOC 
(dissolved oxygen content) govern this reaction. The inconsistent nature of 
water/sediment phase reactions prevents easy extrapolation of laboratory results to 
real lake sediment systems. Iron availability may limit the growth of algae in lakes 
and streams, especially when the production of ammonia (due to nitrogen fixation) is 
the limiting factor in algal growth (Goldman & Horne, 1983 and Reid, 1961). 
Problems with growth, due to the lack of fixed nitrogen (ammonia), could be 
exacerbated by the use of copper herbicides since copper sulfate treatment can effect 
the ability of blue-green algae to fix nitrogen. 
 
Nutrient cycling typically starts with a bloom of algae, which ends when one of the 
nutrients and/or other factors becomes in short supply. At that point the algae die and 
release phosphates, iron and ammonia through the degradative process. When enough 
of the nutrient in shortest supply becomes sufficient to sustain growth, algae will start 
growing again in the lag phase and will result in an algal bloom if conditions of 
temperature, pH, N: P ratio and iron concentration are adequate to sustain a log phase 
growth. 

 
• Potential impacts of pH changes 
 

The pH of most natural waters falls between 4 and 9. A pH of 7 is neutral, neither 
acid nor basic. One important way pH is controlled is removing carbon dioxide from 
the water. A pH greater than 8 in a lake or pond is probably due to a high rate of 
photosynthesis, which increases pH by removing carbon dioxide from the water. 
Anthropogenic sources of high pH may include enrichment of the water with 
fertilizers containing organophosphates. If the pH of a lake or pond is low (<6) it is 
probably due to leaching of organic acids from peat, and anthropogenic sources such 
as acid rain or leachate from mines. Bottom waters are typically lower in pH than 
surface waters because bacterial respiration and decomposition of organic matter 
produces carbon dioxide and organic acids, which lower pH (Shearer, 1996). 

 
After aquatic macrophytes die, due to either a natural process or treatment with an 
herbicide, the pH may drop. If an algal bloom occurs after the release of nutrients, the 
pH may rise due to the removal of carbon dioxide from the water column by 
photosynthesis. A pH greater than 9 can be lethal to fish. Toxicity to high pH levels 
arises from the inhibition of ammonia secretion by gills and respiratory alkalosis 
(Heath, 1995 in Shearer, 1996). Respiratory alkalosis is caused by the elimination of 
carbon dioxide from the blood due to hyperventilation. Sub-lethal alkaline or acidic 
conditions can indirectly harm fish and other aquatic animals by increasing their 
susceptibility to other stresses such a pollutants (like copper), ammonia, high 
temperatures and low dissolved oxygen.  
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The effects of pH on the toxicity of copper sulfate and the commercial copper-
complexes are very complicated. The addition of copper sulfate appears to decrease 
the pH of the water it is applied to. Furthermore, Earthtec® Formulation has 
Nordhausen® acid added to retard the inevitable complexation to inorganic ligands 
(phosphates, sulfates and carbonates) that form when the pH of the treated water rises 
to a high pH ((9.0). Also, at low pH (6.0 to 7.0), complexation to intermediate 
molecular weight organic material is more likely (Brown et al, 1974; Harrison et al, 
1986 and Demayo et al, 1982). 
 
Furthermore, Demayo et al (1982) claims that at pHs between 3.5 and 6.5, the 
removal of cupric copper is favored by cation exchange on illite, kaolinite and 
montmorillonite. However, at pH < 5, cupric copper has a tendency to remain in 
solution. Nevertheless, the charged hydroxy species [Cu(OH)+ and Cu2(OH) 2

+] tends 
to become associated with clay and various ligands under conditions of intermediate 
to high pH and/or alkalinity. 

Decreases in pH can change the toxicity of copper sulfate and copper-complexes to 
various organisms due to the following: 1) Copper is released from the commercial 
copper-complexes by hydrolysis under acid conditions (pH = <6.0) and; 2) Copper 
has a tendency to stay in its most toxic ionized state (cupric cation – Cu2+) under acid 
conditions. If the alkalinity or hardness is high once released, the cupric cation may 
be precipitated by reactions with various inorganic ligands such as hydroxides, 
phosphates and carbonates at high pH or intermediate molecular weight organic 
ligands at low pH. This breakdown and precipitation of the commercial copper-
complexes is a particular problem with Komeen® and K-Tea™ (Beste, 1983). 
However, similar problems are likely to occur at low pH (pH <6.0) with Cutrine®, 
Captain™, Nautique™ and Clearigate®. 
 
Blue-green algae may be protected from the toxic affects of copper at pHs higher 
than 7 if siderophore released from ruptured Anabaena sp. or if humic substances are 
present (Clarke et al, 1987). Siderophores are organic molecules synthesized by blue-
green algae when iron is limiting growth. Growth of Anabaena species can be 
reduced by the addition of 2.1 to 6.5 μM of copper (0.134 to 0.416 ppm Cu) but this 
effect was eliminated by the addition of 15 μM of siderophore. Other similar 
reactions protect the algae (Chlamydomonas reinhardtii) from silver cation (Ag+) in 
the presence of copper due the presence or absence of phytochelatins. It is not clear if 
the production of phytochelatins is induced or inhibited by the presence of copper but 
they function by assisting or inhibiting the uptake of silver and other heavy metals 
into various species of algae (Howe and Merchant, 1992).   
 
Acidic conditions increase the toxicity of copper herbicides. However, pHs below 6 
may inhibit the toxicity of copper since at this pH hydronium ion (H30+) competes 
with copper for the active sites that, when blocked by copper, cause toxic effects to 
be exhibited. At pH 9, the toxicity of copper will decrease due to the high degree of 
complexation that occurs at high pHs. However, at intermediate pHs (6.5 to 8.0) the 
toxicity of copper appears to be similar (Harrison, 1986). For example, the 
branchiopod (Streptocephalus proboscideus) is most susceptible at pH 6, with a 96-
hour LC50 of 0.14 ppm copper sulfate. However, at pHs ranging from 7.6 to 10, this 
species is less susceptible with a 96-hour LC50 of 0.24 to 0.28 ppm copper sulfate. 
The difference in toxicity is likely due to the copper remaining in ionized form 
(Cupric cation =Cu2+) at pH 6 while it is complexed with inorganic ligands like 
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hydroxides, carbonates, cyanates, chlorides, sulfates, sulfides, phosphates and nitrates 
at higher pH (pH = 7.6 to 10) (Demayo et al, 1982 and Centeno et al, 1992). 
 
There is some debate whether alkalinity or hardness is the most important factor in 
controlling the toxicity of copper sulfate and the commercial copper-complexes. 
However, it is apparent that low alkalinity and/or low hardness increases the toxicity 
of copper sulfate and the commercial copper-complexes. It is apparent that at low 
alkalinity and/or hardness free copper is not readily complexed with inorganic 
ligands like hydroxides, carbonates, cyanates, chlorides, sulfates, sulfides, phosphates 
and nitrates (Demayo et al, 1982). The complexing of free cupric cation at high 
alkalinity and/or hardness to these ligands occurs rapidly.  After forming these 
ligands, these inorganic complexes of copper may precipitate out of solution forming 
and combining with particulate sediment to form non-toxic and bio-unavailable 
copper. These forms of copper may remain in the sediment for very long periods of 
time. The formation of these inorganic copper-complexes occurs more readily when 
alkalinity, hardness and pH are all high. Copper appears to form complexes with 
organic molecules of intermediate molecular weight more readily at low pH than 
high pH, and this may be due to the strong tendency to form organic copper-
complexes with humic materials (Harrison, 1985 and 1986). Copper forms 
complexes with a wide variety of organic molecules, including natural products like 
amino acids, amino sugars, polypeptides, humic substance, (humic acid and fulvic 
acid), alcohols, ureas, intermediate molecular weight organic molecules and sewage 
as well as synthetic chelating agents like TRIS, EDTA and HEPES.  
 
Both alkalinity and hardness can effect the toxicity of copper herbicides (Table 8A).  
Defining water of high alkalinity or hard water and what is considered to be water of 
low alkalinity or soft water is difficult. Although hard water usually has high 
alkalinity and high pH this is not always true and water, which is both alkaline and 
soft, or non-alkaline and hard, with pHs being either high or low in both cases, is 
possible. However, as a general rule very soft, soft, moderately hard and very hard 
water have CaCO3 hardness concentrations of 8 to10, 35 to 41, 71 to110, 135 to170 
and 250 to 327 ppm, respectively. Very non-alkaline, non-alkaline, moderately 
alkaline, alkaline and very alkaline water have CaCO3 alkalinity concentrations of 13 
to 13.5, 30 to 35 to 58.5 to 59.5, 110 to 120 and 225 to 245 ppm, respectively. 
Although not directly connected to pH, both alkalinity and hardness can have an 
effect on the toxicity of herbicides. Hard waters, due to the presence of bicarbonate, 
have a tendency to be alkaline (basic) while soft water, due to the presence of low 
bicarbonate levels, has a tendency to be acidic. Hardness and alkalinity also appear to 
govern the toxicity of copper sulfate, cupric chloride, Cutrine® and Komeen®.  For 
example, the concentration of copper herbicides that kill fish or invertebrates in hard 
water is typically much higher (5- to 10-fold) than that found to kill fish or 
invertebrates in soft water. Furthermore, if one compares water that has high 
hardness and high alkalinity with water that has low hardness and low alkalinity, the 
two characteristics appear to behave either antagonistically (against each other) or 
synergistically (together). This interaction produces very high toxicity in low 
hardness/low alkalinity water and very low toxicity in high hardness/high alkalinity 
water. The LC50 is typically 20-fold higher in high hardness/high alkalinity water 
than in low hardness/low alkalinity water. For example, copper sulfate is more toxic 
(by about 10-fold) to rainbow trout in soft water than in hard water (Soft water LC50 
= 0.020 ppm Cu; Hard water LC50 = 0.298 ppm Cu ppm c.e.). Cupric chloride is also 
more toxic by about 5-fold to Gammarus pulex in soft water than in hard water (Soft 
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water LC50 = 0.021 ppm Cu.; hard water LC50 = 0.109 ppm Cu). In addition, 
Komeen® is more toxic to golden shiner by about 9-fold in soft water than in hard 
water (Soft water LC50 = 5.4 ppm Cu; Hard water LC50 = 50.4 ppm Cu). Cutrine® 
is also more toxic to mosquito fish by about 7-fold in soft water than in hard water 
(Soft water LC50 = 2.9 ppm Cu; Hard water LC50 = 20.58 ppm Cu c.e.). However, 
this trend of increased toxicity may not hold for all species. For example, the toxicity 
of Cutrine® is similar at both low and high hardness in the ostracod (Cypria sp.; 
LC50 10.2-15.3 ppm), cladoceran (Alonella sp.; LC50 = 9.9-18,5ppm, calanoid 
(Diapotomus sp.; LC50 = ~12 ppm) and cyclopid (Eucylops sp.; 11.4-16.4 ppm) 
(Table 8A). Nevertheless, the LC50 at low pH is lower than the LC50 at high pH for 
these invertebrate species.  
 
In Washington State, hard waters with higher pH are found more often in Eastern 
Washington lakes (relative to Western Washington lakes). Even slight protective 
factors may be important with copper herbicides since it is difficult to predict field 
toxicity from laboratory toxicity data with this class of herbicides. So many factors 
can influence the toxicity of copper herbicides to fish and invertebrates and even 
subtle or great differences in laboratory toxicity may not be reflected in the toxicity 
seen in the field.  
 

4.2.3.2 Effects of Copper in Water 

Summary: Pesticide residues that exceed the Federal Drinking Water Standard have not 
been found in public drinking water for most Washington State counties east of the 
Cascade Mountains for hard, high pH water. Copper generally decreases to background 
levels in less than 10 days and the half-life is typically from < 1 to approximately 7 days, 
with most ranging between 1 and 2 days. Waters treated with copper are generally 
considered safe for use in irrigation, animal watering and household purposes provided 
that the copper concentrations in the water column are not higher than 1.0 ppm. 
Therefore, the U.S. EPA does not require a surface water advisory for copper sulfate or 
the commercial copper-complexes and it is unlikely that these herbicides would have 
significant impact on surface water used for domestic or agricultural purposes (Demayo 
et al, 1982). Because the soil distribution coefficients are very high (typically greater 
than 1,000 on all sediments and soils tested). It is unlikely that copper products will leach 
into ground water, even though the water solubility for these products is very high. Water 
solubility for copper sulfate is 830,000 ppm at 30° C and the commercial copper-
complexes (K-Tea™, Komeen®, Cutrine®-Plus, Clearigate®, Captain™ and 
Nautique™) are miscible in water (Volume 5, Section 2 of Copper SEIS). Therefore, 
recharge areas are not at risk for copper leaching into the ground water. Very little work 
has been done analyzing the concentration of copper in water found downstream from 
water treatment plants. However, Komeen® treatments in the Guntersville reservoir at 
0.4 ppm Cu resulted in levels of copper in raw water that were slightly above background 
levels after treatment on September 5, 1990. The finished water treatment plant samples 
yielded several samples with trace levels of copper being detected. These detects were 
believed to be due to matrix interference encountered in the analytical process because 
the water treatment plant is far away from the Komeen® plus diquat treatment area 
(Rodgers et al, 1992). Since copper sulfate pentahydrate is generally less persistent in the 
water column than the commercial copper-complexes, it is less likely that copper from 
copper sulfate treatments will be found in raw or finished water from water treatment 
plants.  Copper is almost never seen in treated water at concentrations higher than the 
drinking water standard of 1.0 ppm. However, when copper is used to control weeds in 
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Washington State, a setback distance of 400 feet is required (Ecology, 1991/1992). When 
using copper at concentrations of 1.0 ppm Cu or higher, outlet gates to streams from 
lotic systems should be closed until the concentration of copper in the water column 
drops below 1.0 ppm in order to protect irrigated crops, livestock and people from 
potential toxic effects. If possible, the outlet gates should be kept closed for one week 
after the concentration of copper has dropped below 1.0 ppm Cu in order to assure that 
the concentration of copper in the outflow is below the water quality standard 
concentrations for protection of aquatic life. Copper-containing herbicides have only 
been used at higher than 1.0 ppm when certain species of resistant or tolerant algae were 
present or if fairy shrimp or aquatic snails were the target organism as specified in the 
label. Copper sulfate pentahydrate or the commercial copper-complexes are not likely to 
be found in the water of sewage outfalls since wastewater treatment plants only process 
water from household waste and water runoff from street level. Due to the short 
dissipation half-life (typically 1 or 2 days), high levels of water exchange and dilution in 
water bodies, additional procedures for removing copper from outfalls or potable water 
systems is probably not necessary. However, Stokes and Lindsay (1979) suggested that 
the fungus Penicillium ochro-chloron may be used to remove copper from wastewater at 
copper concentrations of up to 5,000 ppm when the pH is between 2.0 and 8.0. Other 
potential methods for removing excess copper from water prior to entering the water 
treatment plants is to treat it with a synthetic chelating agent like EDTA, or add illite, 
kaolinite or montmorillonite clay to the water. Either of these methods may be effective in 
removing excess copper from water by either complexing with cupric copper or binding 
to clay particles through cation exchange mechanisms (Harrison, 1985; Harrison, 1986 
and Demayo et al, 1982). 
 
According to Scott Fink (2000, personal communications) of the Spokane Department of 
Health: Drinking Water Division, herbicides have never been detected in the surface 
water system at concentrations that exceed the Federal Drinking Water Standard in any 
Washington State county east of the Cascades. Furthermore, there has never been a 
herbicide detection that exceeds the EPA’s Drinking Water Criterion in public well 
water. The current drinking water standard is 1.0 mg/L for herbicidal products containing 
copper. However, there have been a few cases where herbicides were found in public 
well water at concentrations that exceed Washington State’s detection limits. However, 
copper from treatment of water bodies for the control of algae or aquatic macrophytes is 
not likely to exceed 1.0 ppm. Higher use rates may have been used to treat certain 
tolerant alga species and control tadpole shrimp or aquatic snails. In, i.e. Sylvia Lake, 
Washington the water quality standards for acute and chronic protection of aquatic life 
(0.00795 and 0.00564 ppm Cu) were exceeded after two-thirds of the lake was treated at 
0.5 ppm Cu as copper sulfate. Sylvia Lake was not treated within 400 feet of the water 
outlet stream. Typical permits require that copper (~0.01 ppm Cu) products not be used 
within 400 feet of an outlet stream. Concentrations of copper remained higher than the 
water quality standards for the duration of the study (18 days) in both treated and 
untreated portions of the lake and at the upper outlet stream (Serdar, 1995).  

Stokes and Lindsay (1979) suggested that the fungus Penicillium ochro-chloron may be 
used to remove copper from wastewater at concentrations of up to 5,000 ppm Cu when 
the pH is between 2.0 and 8.0. However, except in the case of accidental or intentional 
misapplication, it seems unlikely that copper would persist at levels higher than 
background for more than 8 to 10 days (Whitaker, et al, 1978; Majewski et al, 1978; 
Wagemann and Barica, 1979 and EPA, 1985). 
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• Potential impacts on recharge areas  
 

In light of the above findings, it is unlikely that copper sulfate or commercial copper-
complexes will have an adverse impact on sensitive well recharge areas. Because of 
its extremely high adsorption coefficient (Kd = 50 to 48,000 L/Kg) and its tendency 
to bind irreversibly to sediment and soil, copper products are unlikely to have an 
adverse impact on either surface or ground water (Harrison, 1986). The soil 
distribution coefficient (Kd) is typically 1,000 to 5,000 L/Kg in freshwater sediments 
(Harrison et al, 1983 and Harrison et al, 1983b in Harrison, 1986), 50 to 570 L/Kg in 
marine sediments (Emerson and Harrison, 1981 in Harrison, 1986) and 250 to 48,000 
L/Kg in estuarine sediments (Harrison et al, 1983 in Harrison, 1986). Kds of this 
magnitude would normally classify copper as immobile. Copper is stable after 
binding to soil or sediment. Therefore, it will not be released into the water except 
under unusual circumstances such as the following: 1) a significant drop in pH to 
below 6.0; 2) a change of the sediment from reducing to oxidizing conditions; 3) 
hydrolysis of the copper from organic ligands; 4) cation exchange with other cations 
dissolved in the water; 5) solubilization of the matrix or decomposition of the matrix 
(Demayo et al, 1982); or 6) possibly when spring and/or fall turnovers occur 
(Sanchez and Lee, 1978). It is not entirely clear exactly what conditions would lead 
to a release of copper and the above mechanisms are just hypothesized. However, it 
is clear that copper binds extensively to the sediment and is not readily released 
(Reinert and Rodgers, 1987). 

 
• Impact of pesticide application on downstream water treatment plants  
 

Work done with Komeen® plus diquat at a treatment rate of 0.4 plus 0.4 ppm 
indicates that the levels of copper at water treatment plants are only slightly above 
background in raw water sampled in September and October when the water was 
treated on September 5, 1990. Furthermore, finished water samples from the water 
treatment plants in the Guntersville Reservoir (Alabama) contained only trace 
amounts of copper. The post-treatment measured copper levels are probably matrix 
interference encountered in the analytical process because the water treatment plants 
in the Guntersville Reservoir are not in close proximity to the Komeen® plus diquat 
treatment areas. Another possible explanation is that copper concentration was not 
treatment related and was either released from the sediment or natural copper 
deposits. It is also possible that the copper concentration was the result of leaching 
from copper pipes within the treatment plant. The copper concentration was very low 
in raw water during September (<0.05 ppm) and was generally not detected in 
October at 7 of the 9 treatment plants. However, concentrations as high as 0.075 and 
0.3 ppm Cu were found in raw water at 2 of the plants in September and October, 
respectively. Copper was not detected in finished water at 7 of the 9 treatment plants 
in the Guntersville Reservoir and was detected at approximately 0.025 and 0.075 at 2 
of the treatment plants. Matsuda and Boyd (1993) found that copper sulfate 
treatments are not as persistent as treatments with commercial copper-complexes. 
Therefore, if treatment with the commercial copper-complex (Komeen®) has not 
caused contamination with copper at levels that would impact its domestic or 
agricultural use (>1.0 ppm Cu), it seems unlikely that copper sulfate should be a 
problem in this regard.  
 
In order to improve the safety of copper sulfate and the commercial copper-
complexes, they should not be used within 400 feet of water intake valves or water 
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outlets in treated water bodies. Furthermore, all outlet gates that can be legally closed 
should remain closed until the water concentration of copper decreases below 1.0 
ppm. In fact, if possible, these gates should remain closed for a week after water 
concentrations of copper decrease below 1.0 ppm because a number fish and aquatic 
invertebrate species are sensitive to copper-containing herbicides at concentrations 
ranging down to 0.002 ppm Cu (Maine, 1976) 

 
• Presence of pesticide in the outfall  
  

Concentrations of copper are low at water intake pipes and typically return to 
background levels within 10 days. Therefore, only 3 or 4 days post-treatment, the 
amount of copper in the outfall of drinking water or wastewater treatment plants is 
likely to be negligible. Since wastewater treatment plants only process water from 
household waste and water runoff from street level, copper from treatment of lakes, 
ponds, streams, and irrigation canals will not be present in the outfall (Jim Milton, 
Ecology Manager of Sewage Treatment Plant Permits, 2000). 

 
• Need for additional procedures to remove pesticide from the outfall 
 

Since concentrations of copper will rarely be higher than 1.0 ppm Cu, it seems 
unlikely that copper would need to be removed by artificial means. The only way to 
mitigate the effects of a potential release of copper from the sediment into the water 
column appears to be dredging (Hanson and Stefan, 1984). While dredging decreases 
the concentration of copper in the sediment, dredging may in itself cause a release of 
copper to the water column. Whether or not an adverse impact occurs on release of 
copper to the water column is governed by a variety of factors including, pH, water 
hardness, alkalinity, to what degree the sediment may be oxidized at the time of 
dredging and whether or not the dredging process oxidizes the sediment. In cases 
where the concentration of copper is higher than the drinking water standard (1.0 
ppm) it is feasible to clean up the water by adding illite, kaolinite or montmorillonite 
clay to the contaminated water (Demayo et al, 1982). Other potential methods for 
cleaning up the water column may include the addition of artificial chelating agents 
to the water such as EDTA, NTA, TRIS, TPP, NTI, HEPES, TEA, MEA, EDA, et 
cetera or natural organic chelating agents like humic material, citric acid, glycine, 
other amino acids or oxalate. The addition of these chelating agents has decreased the 
toxicity of copper in the laboratory to various species of fish, plant and invertebrates. 
However, there is no concrete evidence that such procedures will remove enough 
copper to allow for its use to clean up household and agricultural water sources after 
contamination from a treatment or natural release event (Huebert et al, 1993; 
Versteeg, 1990; Harrison, 1985; Buckley, 1983; Allen et al, 1983; Zamuda and 
Sunda, 1982).  

Stokes and Lindsay (1979) believe that the fungus Penicillium ochro-chloron may be 
used in removing copper from wastewater at concentrations of up to 5,000 ppm Cu 
when the pH is between 2.0 and 8.0. However, except in the case of accident or 
intentional misuse, it seems unlikely that copper would persist at levels higher than 
background for more than 8 to 10 days (Whitaker, et al, 1978; Majewski et al, 1978; 
Wagemann and Barica, 1979 and EPA, 1985). 

  

Supplemental Environmental Impact Statement Assessments of Aquatic Herbicides: 
DRAFT Volume 6 – Copper, Section 4 – ENVIRONMENTAL EFFECTS 

Vol. 6, Sect. 4 – Page 65 



 

4.2.4 Mixtures with Other Pesticides and Incidental Presence of Other Pesticides 
 

Summary: Tank-mixes (more than one pesticide mixed for application from the same 
tank) are not permitted in Washington State. Furthermore, since liquid commercial 
copper-complexes and liquid copper sulfate products like Earthtec® are not used to 
control emerged or riparian weeds, it does not seem necessary to use adjuvant wetting 
agents or even thickeners when applying these products, particularly if they are applied 
below the water surface. However, the use of invert emulsions is recommended for some 
of the commercial copper-complexes when they are applied below the water surface with 
trailing hoses. The label for a particular product should be consulted for details on the 
use of invert emulsions. Although not generally recommended, if surfactants are used, 
copper plus anionic surfactants (detergents) can cause greater than additive effects 
against rainbow trout while copper plus non-ionic surfactants (detergents) can produce a 
less than additive effect against rainbow trout (Calamari and Marchetti, 1973). 
Therefore, if surfactants are used, care should be taken to use non-ionic surfactants that 
are registered for aquatic use. Thickening agents like Polysar® or Nalquatic® may be 
used to control drift with liquid copper products applied to the surface of a water body. 
Furthermore, the use of thickeners during subsurface applications allows liquid copper 
herbicides to sink more deeply into the water column, which may be particularly useful 
when aquatic macrophytes are the target species. 
 
There are some claims that combinations of diquat and certain copper products can be 
useful in increasing the spectrum of algae and macrophyte species controlled and 
allowing for better adsorption of diquat by removing certain epiphyte algae (Komeen®, 
Nautique™, Captain™ and Cutrine®-Plus labels). Potential for a better than additive 
effect in combination with diquat against Hydrilla verticillata is also claimed by these 
labels. Diquat may also enhance the effects of copper sulfate by allowing some species of 
aquatic macrophytes to more readily adsorb cupric ion (Sutton et al, 1970). 
 
There have been reports that mixtures of diquat plus Cutrine® have better than additive 
effects when fish are exposed to this combination of herbicides. For example, 100% of 
brown trout fingerlings die when exposed to 5.5 ppm c.e. diquat plus 0.162 ppm Cu 
Cutrine®; the expected mortality is much lower than this (based on the random joint 
action equation). The expected mortality from exposure to this mixture would be 
approximately 33.5 %. Simonin and Skea (1977) further noted that treatment with 1 
gallon of diquat (Reward®) plus 1 gallon of Cutrine® gives a treatment rate of 0.245 
ppm c.e. plus 0.093 ppm copper in 3 feet of water, which allows for no margin of safety 
although it may control weeds. If this same application rate was applied to a water body 
of only 1-foot deep, the resulting concentrations would be 0.735 ppm C.e and 0.28 ppm 
Cu, which would result in some fish mortality. A safe rate for diquat plus Cutrine® 
applications would be 0.9 gallons of diquat plus 0.1 gallons of Cutrine® per acre. 
However, it is not clear if this low use rate would effectively control aquatic vegetation. 
 
In the field (microcosms in a pond in Franklin, Wisconsin), mixtures of diquat plus 
Cutrine® at 3.0 ppm plus 2.2 ppm may also be synergistic against fish. Applications of 
this level of diquat plus Cutrine® killed all resident fish within 1 day. It was also 
demonstrated that Cutrine® alone does not harm fish when applied to this pond at 2.2 
ppm. Furthermore, the basic toxicity data indicates that most fish are not susceptible to 
the effects of diquat at (3.0 ppm) (Daniel, 1972, Volume 3, Section 4 of this SEIS, 2000). 
However, it is unclear if the observed fish mortality was caused by the synergistic effects 
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of this diquat plus Cutrine® mixture or if mortality was caused by the anaerobic 
conditions that occurred within 1 day of treatment with this mixture. 
 
Mixtures of zinc and copper at ratios of 6:1 result in an additive toxicity to rainbow trout 
up to a total metal concentration of about 4.0 ppm in both hard and soft water. However, 
at total metal concentrations of 10 to 40 ppm, this zinc plus copper mixture is synergistic 
to rainbow trout in soft water. However, at typical environmental concentrations zinc 
plus copper will have only additive effects (Lloyd, 1961). Additional synergistic mixtures 
may include copper plus iron. For example, if Anabaena is starved for iron (0.1M FeCl3 
= 0.016 ppm FeCl3), the production of the siderophore schizokinen inhibits the effects of 
copper even if the copper concentration is as high as 10 μM (0.635 ppm Cu). Schizokinen 
is a protein produced under low iron conditions that enhance the uptake of iron and 
inhibits the uptake of copper. However, if the Anabaena is not iron limited, it will be 
poisoned by copper sulfate at 10 μM. Similar results have been reported with other 
species of blue-green algae (Clarke et al, 1987). Mixtures of metals containing copper, 
zinc and nickel at ratios of 1:5:40 were additive at all concentrations tested between 
0.14+0.68+5.44 ppm and 0.48+2.4+ 19.2 ppm (Brown and Dalton, 1970). Some 
mixtures of metals are antagonistic. Mixtures of Cu2+ and Ag+ cations antagonized the 
effects of Ag+. For example, while 20 μM of AgNO3 inhibited the growth of 
Chlamydomoanas reinhardtii, a mixture of 20 μM AgNO3 plus 15 μM CuCl2 did not affect 
the growth of C. reinhardtii (Howe and Merchant, 1992), due to the blockage or 
inducement of phytochelatin synthesis by the presence of copper. The presence of 
phytochelatin may inhibit the uptake of silver or its absence may stimulate the uptake of 
silver. The mechanics by which silver poisons algae is not entirely understood. 

 
There has been discussion of possible cumulative effects of copper on higher animals. 0.3 
to 0.5 mg Cu per kilogram bodyweight per day for 8 to 12 weeks, respectively, caused 
accumulation of copper in the liver of human beings. Also, people with Wilson’s Disease 
may accumulate copper in the liver, brain and cornea, and copper may accumulate in the 
liver of children suffering from biliary atresia (closure of the ducts that drain the bile 
from the liver) and biliary cirrhosis (degeneration of the bile duct and gallbladder 
resulting in fibrosis with nodule and scar formation). Other diseases may be connected 
with the accumulation of copper in the serum or plasma including Hodgkins disease, 
reticulum cell sarcoma, lymphosarcoma and multiple myeloma as well as 
atherosclerosis, hypertension or myocardial infarction. Although there is no conclusive 
proof copper intake causes cancer, elevated serum copper levels have been noted in 
patients with a variety of cancers and there is a direct correlation between high dietary 
copper intake and leukemia and cancer of the intestine, breast and skin (Demayo et al, 
1982)  
 
Formulations of copper may act in combination with other pesticides under three 
scenarios: 1) applied as a mixture; 2) broadcast in separate applications (e.g., areas where 
pesticides are applied for mosquito and aquatic vegetation control), or 3) accidentally 
combined as a result of over-spray in marginal areas or of run-off from neighboring areas 
treated with different products. Herbicide mixtures may result in antagonistic, synergistic, 
additive or cumulative effects (same herbicide applied more than once). It should be 
noted that tank-mixes of pesticides are not permitted in Washington State for control of 
aquatic weeds. 
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Because very little work has been done on the effects of pesticide combinations, it is 
unclear whether pesticides applied for other purposes could substantially enhance the 
toxicity of copper sulfate or the commercial copper-complexes. However, it is unlikely 
that other pesticides would change the environmental half-life of copper since it is an 
element and once associated with the sediment, will be present for a very long but 
indeterminate period of time.  
 
In the state of Washington, copper products are rarely mixed with other products. A 
number of nonionic surfactants are registered for use with water-soluble ionic herbicides 
like copper. However, since copper products are generally not applied for the control of 
floating or emergent weeds, the use of surfactants with herbicidal copper products 
appears unnecessary in most cases (Getsinger, 2000 personal communications). However, 
the use of invert emulsions or thickening agents may be important when applying liquid 
commercial copper-complexes at or below the water surface to decrease any potential 
drift and allow the copper treatment to sink down into the water column. Sinking the 
treatment will make it more effective against aquatic macrophytes like Hydrilla 
verticillata, Potamogeton pondweeds, Ceratophyllum demersum, Egeria densa, Elodea 
canadensis, Myriophyllum spicatum, Najas spp. and widgeon grass.  
 
Nine formulations of herbicides containing copper are typically used to control algae and 
aquatic macrophytes in Washington State. Some of the formulations are only registered 
for use in impounded waterways and canals. Others are registered for use in public 
waterways (aquatic sites) as well as the aforementioned sites. The different formulations 
have very different spectrums of control and diverse sets of non-target effects. In general, 
Triangle Brand® Copper Sulfate Crystal is registered for use in impounded water and 
canals but not in public waterways, while Earthtec® is registered for use in impounded 
water, canals and public water ways. The copper sulfate products are generally very toxic 
to fish and aquatic invertebrates with LC50s typically being less than 0.5 ppm Cu in hard 
water and less than 0.1 ppm Cu in soft water. Some species of fish such as American eels, 
Hamilton’s carp, mosquito fish, flag fish, bluegill sunfish, pumpkinseed sunfish, and 
white perch may be able to tolerate copper sulfate at concentrations that exceed 1.0 ppm. 
Typically, such treatments will not provide a significant safety factor if copper sulfate is 
applied at the typical maximum dosage rate (1.0 ppm Cu and LC50 = 1.3 to 8.2 ppm Cu). 
However, the commercial copper-complexes like Komeen®, K-Tea™ and Cutrine® are 
much less toxic to fish with LC50s typically ranging higher than 30 ppm Cu for 
Komeen®, higher than 4 for K-Tea™ and higher than 3.0 ppm Cu for Cutrine®. 
Nevertheless, in soft water, rainbow trout appear to be susceptible to these products with 
96-hour LC50s of ~0.076, ~0.03 and 0.03 ppm Cu, respectively. Diquat is recommended 
for use with Komeen®, Nautique™, K-Tea™, Cutrine®-Plus, Clearigate® and 
Captain™ when the target species is Hydrilla verticillata and/or other vascular aquatic 
weeds. Although mixtures of diquat and Komeen® at 0.3 plus 0.3 ppm or 0.4 plus 0.4 
ppm Cu did not have adverse impacts on fish in the Guntersville Reservoir (Alabama) 
(Rodgers et al, 1992 and Bain and Boltz, 1992), diquat plus Cutrine® has a synergistic 
effect against laboratory brown trout when combined at 5.5 ppm c.e. diquat plus 0.162 
ppm Cu Cutrine® (Simonin and Skea, 1977). Furthermore, Daniel (1972) found that 
indigenous fish species were killed by mixtures of diquat and Cutrine® (3.0 +2.2 ppm) 
when they were exposed in microcosms located in a pond at Franklin, Wisconsin. It is 
unclear from these results whether this mortality was due to the synergistic effects of 
diquat plus Cutrine® or a severe oxygen slump that occurred within 1 day of the 
treatment. 
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Different “inert materials” and contaminants in formulations from different 
manufacturers may interact with the pesticide to give antagonistic, additive, cumulative 
or synergistic effects against target species (aquatic weeds and algae), non-target fish and 
aquatic invertebrates. It is not necessary to use adjuvants with subsurface injections of 
diquat. However, a thickener is often used with liquid products to allow the treatment to 
sink more deeply into the water column where it can be most effective and non-ionic 
surfactants are recommended when the species of weed to be controlled is a floating 
weed like Pistia stratiotes or Eichhornia crassipes.  
 
• Adjuvant effects 
 

When commercial copper-complexes (Komeen® or Clearigate®) are used to control 
floating weeds like Pistia stratiotes of Eichhornia crassipes by direct contact with a 
spray, the use of a non-ionic surfactant and a thickening agent are recommended.  
The non-ionic surfactant allows for better wetting of floating or emergent weeds and 
the thickening agents prevent drift. There are a number of non-ionic surfactants 
registered for aquatic use in Washington State. Most surfactants should be mixed at 
0.25% to 0.5% by weight of application solution when herbicidal copper-complexes 
are being applied to floating (surface) aquatic macrophytes. The toxicity of these 
adjuvants to bluegill, rainbow trout and daphnia has been well documented. None of 
these aquatic adjuvants should be toxic to fish or aquatic invertebrates when applied 
at labeled rates. However, Watkins et al (1985) noted that some aquatic adjuvants 
have the potential to be toxic to aquatic organisms when applied in shallow water. 
For example: 1) if Spar-Mate® is applied at the labeled use rate to water with a depth 
of less than 1.5 meters, it can be toxic to bluegill sunfish. 2) if Cide-Kick®, X-77®, 
Formula 403®, or IVOD® are applied at the labeled use rate to water with a depth of 
less than 0.1 meters, they may be toxic to fish. Since the depths given are for 
concentrations of the adjuvant that will kill 50% of the treated animals, an additional 
safety factor of ~10-fold would need to be added to assure safety of the adjuvant to 
the biota. Calamari and Marchetti (1973) found that while non-ionic surfactants like 
nonylphenol ethoxylate (NP) have a less than additive effect against rainbow trout 
when mixed with copper sulfate pentahydrate, ionic surfactants like sodium 
alkylbenzensulfonate (ABS) or sodium laurylbenzenesulfonate (LAS) have a more 
than additive effect against rainbow trout when mixed with copper sulfate 
pentahydrate. Details of the toxicity and depth considerations for a number of 
aquatically applied adjuvants can be found in Table 9. Although adjuvants are 
typically considered to be “nearly inert”, they are not entirely inert. However, 
adjuvants labeled for aquatic use should not be subacutely, acutely or chronically 
toxic to fish or other aquatic animals. Adjuvants can enhance, diminish, or have no 
effect on the activity of herbicides. Because ionic surfactants may react with ionic 
herbicides, they should not be used with copper herbicides, which have a cupric 
(Cu2+) cation as the toxic agent.  Although acute aquatic testing has been done on a 
number of adjuvants, insufficient data exists on the toxic effects of adjuvants when 
mixed with herbicides and applied to the aquatic ecosystem. 
 
No specific surfactants are specified in the Komeen® or Clearigate® labels. 
Therefore, experts should be consulted prior to the use of a specific non-ionic 
surfactant with diquat for the control of floating aquatic weeds.  
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• Antagonistic effects  
 

Although concentrations were not specified, mixtures of malathion and copper sulfate 
have a less than additive effect (antagonistic effect) on bluegill sunfish (Macek, 
1975). Antagonistic effects may be important where the antagonizing agent is used to 
control other pests or is accidentally introduced to the aquatic environment due to 
misapplication, over-spray or runoff. 

 
Antagonism is defined as a less than additive effect when using pesticides in 
combination with each other. Phytochelatins produced when copper is present at 15 
μM CuCl2 appears to antagonize the toxic effects of AgNO3 at concentrations up to 
15 μM against the algae Chlamydomonas reinhardtii. Another possible mechanism is 
that copper at this concentration inhibits the synthesis of a phytochelatin necessary 
for silver to exert its toxic effects by inducing the uptake of silver (Howe and 
Merchant, 1992). Phytochelatins are suspected in tolerance and homeostasis for a 
variety of metals, which may include cadmium, silver, bismuth, lead, zinc, copper, 
mercury and gold. However, only cadmium and copper have been demonstrated to 
participate in the formation of peptide (phytochelatin) metal complexes in vivo. 
 
Nonionic surfactants like NP “probably” antagonize the effects of copper sulfate 
pentahydrate against fish.  However, the data is not conclusive. When the surfactant 
is present at approximately 2.5 ppm, the LT50 (time to 50% mortality) of copper 
sulfate is greater than the predicted LT50 (24 hours). The LT50 is 52 hours in the 
presence of the surfactant and 0.65 ppm Cu as copper sulfate pentahydrate. 
Therefore, the effects appear to be less than additive in relationship to plant 
knockdown or time to lethality (Calamari and Marchetti, 1973).  
 
Pre-treatment of aquatic vascular plants for 12 to 24 hours with the plant hormone 
kinetin at concentrations of 2.3x10-4M antagonizes the effects of copper sulfate 
pentahydrate at 10-4, 10-5 or 10-2 M against Potamogeton pectinatus, Vallisneria 
spiralis or Hydrilla verticillata. This indicates that copper may promote aging or cell 
death in aquatic vascular plants by interfering with cytokinin levels (Jana and 
Choudhuri, 1982). 
 
Effects of pH, water hardness, water alkalinity and the presence of inorganic and 
organic chelating agents can antagonize the effects of copper sulfate and the 
commercial copper-complexes. For example, low pH (<6.0) can lead to the 
breakdown of the copper-complex in both Komeen® and K-Tea™ forming the 
cupric cation, which can subsequently be precipitated. Once precipitated, copper is 
not biologically active (Beste, 1983). Harrison (1986) and Demayo et al (1982) found 
that low pH can also decrease the activity of copper by favoring sorption by a 
cationic exchange mechanisms to illite, kaolinite and montmorillonite clays as well 
as to humic materials. A pH of <6 may also inhibit the toxicity of copper on algae 
since at this pH hydronium ion competes with copper for the active sites that, when 
blocked by copper, cause toxic effects to be exhibited. At pH 9, the toxicity of copper 
will certainly decrease in algae due to the high degree of complexation that occurs at 
high pHs. However, at intermediate pHs (6.5 to 8.0) the toxicity of copper in algae 
appears to be consistent throughout that range (Harrison, 1986). Another example of 
this effect is with the branchiopod (Streptocephalus proboscideus). This species is 
most susceptible at pH 6, with a 96-hour LC50 of 0.14 ppm copper sulfate 
pentahydrate (0.035 Cu). However, at pHs ranging from 7.6 to 10, this species is less 
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susceptible, with a 96-hour LC50 of 0.24 to 0.28 ppm copper sulfate pentahydrate 
(0.06 to 0.07 ppm Cu). The difference in toxicity is due to the copper remaining in 
ionized form (Cupric cation =Cu2+) at pH 6, while the copper is complexed with 
inorganic ligands like hydroxides, carbonates, cyanates, chlorides, sulfates, sulfides, 
phosphates and nitrates at higher pHs (Demayo et al, 1982 and Centeno et al, 1992.). 
 
Phosphate can definitely antagonize the effects of copper sulfate and Cutrine® 
against the mosquito fish (Gambusia affinis). In the absence of potassium dihydrogen 
phosphate, 180 ppm Cutrine® formulation (16.5 ppm Cu) or 15.5 ppm anhydrous 
copper sulfate (6.2 ppm Cu) will kill 58 % and 100% of this fish in 96 hours. While 
2.4 to 5.6 ppm KH2PO4 protects the copper sulfate treated fish, it takes 10.0 to 15.5 
ppm KH2PO4 to protect the Cutrine ® treated fish. Potassium dihydrogen phosphate 
is relatively non-toxic to mosquito fish at concentrations less than 1,000 ppm and it is 
non-toxic at rates (2.4 to 15.5 ppm) that antagonize the effects of copper sulfate and 
Cutrine®. However, concentrations of phosphate are almost never higher than 0.10 
ppm prior to treatment with a herbicide. However, it is not expected that phosphate 
will play a great role in the detoxification of copper products applied as aquatic 
herbicides, although Demayo et al (1982) has hypothesized phosphate as one of the 
important complexing agents that may detoxify cupric cation (Cu2+). 
 
Antagonistic effects of organic chelators have been noted in both fish and 
invertebrates. For example, Brown et al (1974) noted a marked increase in the 72-
hour LC50 for copper sulfate octahydrate in Coho salmon (Oncorhynchus kisutch), 
when this species is exposed simultaneously to glycine (Table 8B). For example, 
when 0, 0.5, 1.0, 5 and 10 ppm of glycine were present, the 72-hour LC50 for Coho 
salmon was 0.58, 0.76, 0.96, 2.15 and 4.7 ppm Cu, respectively (Brown et al, 1974). 
Brown et al also found the presence of humic acid or sewage effluent increased the 
survival time of Coho salmon exposed to copper as copper sulfate octahydrate. When 
no humic acid was present, survival time after exposure to 2.0 ppm Cu was 470 
minutes while survival time increased to 1,050 minutes when humic acid was present 
at 4.5 ppm. Also, when no sewage effluent was present, survival time was 8 hours. 
However, when 75% of the available sewage effluent was present, survival time was 
increased to 42 hours. Buckley (1983) found similar effects with this species when it 
was exposed to copper sulfate along with domestic sewage from Seattle’s 
(Washington) Renton treatment Plant. E.g., River water had a 96-hour LC50 of 0.164 
ppm Cu as copper sulfate to Coho salmon, but water containing 40% sewage 
treatment plant effluent had an LC50 of 0.286 ppm Cu. However, if all of the copper 
complexing capacity was removed from these waters the LC50s of Coho salmon to 
copper as Cu2+ would be expected to be 0.017 and 0.022 ppm Cu, respectively. This 
is indicative of the important role that natural chelators can play in mitigating the 
toxic effects of copper to aquatic animals.  
 
Other natural and synthetic copper complexing agents have been found that 
antagonize the effect of copper to variety of organisms. For example, oxalate (1x10-

6M), glycine (1x10-6M), citrate (1x10-6M), humic matter (2.0 ppm) and EDTA (1x10-

6M), antagonize the effects of copper on oyster larvae. EDTA was the most effective 
complexing agent and antagonized the effects of copper up to 0.06 ppm Cu while 
humic acid and the other chelators antagonized the toxic affects of copper up to 0.020 
ppm (Harrison, 1985). Humic acid at 1.5 ppm antagonized the effects of copper on 
Daphnia pulex and increased the LC50 of copper on Daphnia pulex by 2-fold over 
the value obtained in the absence of humic acid (Harrison et al, 1985) (Table 8B). 
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As the complexing capacity (natural organic and inorganic chelators) or synthetic 
complexing capacity (EDTA) increased, the IC50 (growth inhibition concentration) 
for Selenastrum capricornutum increased in an almost one-to-one relationship based 
on molarity (Allen et al, 1983). The chelator EDTA is a very effective antagonist of 
copper activity in Lemna trisulca. Raising the EDTA concentrations from 9 to 81 (M 
increased the copper EC50 on this duckweed species from 3.6 μM (0.228 ppm) to 55 
μM (3.495 ppm) (Huebert et al, 1993). 
 
For aquatic invertebrates, the synthetic copper complexing agent TRIS decreased the 
toxicity of copper chloride dihydrate. For example, in the absence of TRIS the EC20 
for copper on copepods was 0.66 μM (0.041 ppm). However, in the presence of 3 
mM TRIS, the EC20 for copepods was 28.8 μM (1.83 ppm). Similar effects were 
noted for TRIS antagonizing the toxic effects of copper on rotifers. Toxicity is 
actually reflected by the amount of free copper in solution and not the amount of total 
copper in solution. The amount of free copper necessary to reduce the growth of 
these copepods by 20% is 4.0 x10-4 μM or 0.000025 ppm. This value is a constant 
and does not change as the concentration of TRIS is increased (Borgmann and Ralph, 
1984). If the copper complexing capacity is very low, enough free copper may exist 
in natural untreated waters to adversely impact a variety of species including these 
freshwater copepods and rotifers as well as the estuarine green algae Nannochloris 
atomus (Sunda and Guillard, 1976) and the estuarine/marine fish Leistomus 
xanthurus and Menidia menidia (Engle and Sunda, 1979). 
 
It has been reported that lead in the diet interferes with copper metabolism and can 
cause anemia in rats (Klauder and Petering, 1979 in Demayo et al, 1982). This could 
be considered an antagonistic effect of lead on copper. Dietary supplements of copper 
prevented lead induced anemia. Evans and Cornatzer (1972 in Demayo, 1982) have 
shown that zinc, cadmium and vitamin C have an antagonistic effect on copper 
metabolism in rats. For example, high concentrations of zinc or cadmium in the diet 
inhibit the adsorption of copper from the digestive tract.  

  
• Additive effects 
 

Although some mixtures of metals are synergistic, mixtures of copper : zinc : nickel 
at ratios of 1:5:40 at concentrations that range from 0.14+0.68+5.44 ppm to 
0.48+2.40+19.2 ppm are additive in affect against 1-year old rainbow trout (Brown 
and Dalton, 1970). Mixtures of zinc: copper at ratios of 6:1 behave in an additive 
manner against rainbow trout when the total zinc plus copper concentration do not 
exceed 4.0 ppm. However, at higher concentrations, when the total zinc plus copper 
concentrations is 10 to 40 ppm, better than additive effects were observed against 
rainbow trout. Mixtures of diquat plus Komeen® at 0.3 ppm c.e. plus 0.3 ppm Cu or 
0.4 ppm c.e. plus 0.4 ppm Cu do not impact survival size, condition or movement of 
large mouth bass or other fish in the Guntersville reservoir (Bain and Boltz, 1992 and 
Rodgers et al, 1992). However, studies with diquat plus Cutrine® indicate that this 
mixture may behave in a synergistic manner against brook trout in the laboratory or 
indigenous fish found in a pond in Franklin, Wisconsin (Simonin and Skea, 1977 and 
Daniel, 1972). Details are discussed below. 
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Diquat is often used in combination with endothall, paraquat or copper compounds in 
order to control various species of weeds. These combinations, while generally 
additive in effect, do not appear to be supra-additive, that is, they are not synergistic 
(Shearer and Halter, 1980 cite Berry et al, 1975; Water Investigation Branch, 1977 
and Yeo and Dechoretz, 1976).  
 
Dietary nickel (20 mg/kg diet) allowed rats to compensate for weight loss due to 
copper deficiency. This indicates that copper and nickel are somewhat additive in 
their effect on maintaining weight in rats (Spears and Hatfield, 1977 in Demayo et al, 
1982). 

 
• Cumulative effects 
 

The response of Coho salmon (Oncorhynchus kisutch) to exposure from copper 
sulfate may be cumulative. For example, after exposure of Coho salmon smolts to 
0.030 ppm Cu as copper chloride, both effects of seawater exposure, and downstream 
migration were affected. Effects of copper were noted after an exposure of 24 to 72 
hours. However, longer exposure to 0.030 ppm Cu in fresh water produced greater 
mortality during a seawater exposure test than shorter exposure; e.g. 24, 96, 120 and 
144-hour exposure in fresh water lead to 24%, 55%, 91% and 90% mortality during 
seawater exposure of 240 to 312 hours. Downstream migration also appeared to 
decrease with exposure time; fish exposed to copper for 144 hours migrated in 
greater numbers than did fish exposed chronically (1,632 to 3,960 hours). Effects on 
migration were seen with fish exposed to 0.005, 0.010, 0.020 and 0.030 ppm copper 
(Lorz in McPherson, 1976). In 1979, Bouck and Johnson made similar observations 
on survival of seawater challenges after therapeutic treatment with copper. However, 
they found that survival in the seawater challenge was greatly improved if the 
smolting salmon were introduced to seawater gradually rather than being introduced 
to seawater immediately after exposure. 
 
Cumulative effects of copper exposure on human beings have been observed. 
Possible cumulative effects of copper and its effects on higher animals have been 
discussed within the scientific community. 0.3 to 0.5 mg Cu per kilogram 
bodyweight per day for 8 and 12 weeks, respectively, has caused accumulation of 
copper in the liver of human beings. People with Wilson’s Disease may also 
accumulate copper in the liver, kidney and brain, while at the same time, showing a 
deficiency of plasma copper. This may lead to degeneration of the liver, lenses of the 
eye and brain tissue, which is common in Wilson’s disease patients. Copper may also 
accumulate in the liver of children suffering from biliary atresia (closure of the ducts 
that drain the bile from the liver) and biliary cirrhosis (degeneration of tissue in an 
organ resulting in fibrosis, with nodule and scar formation). Other diseases may be 
connected with the accumulation of copper in the serum or plasma including 
Hodgkin’s disease, reticulum cell sarcoma, lymphosarcoma and multiple myeloma, 
as well as atherosclerosis, hypertension or myocardial infarction. Although there in 
no conclusive proof that copper intake causes cancer, elevated serum copper levels 
have been seen in patients with a variety of cancers and there is a direct correlation 
between high dietary copper intake and cancer of the intestine, breast, skin and 
leukemia (Demayo et al, 1982). 
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• Synergistic effects 
 

The potential for synergism with copper sulfate pentahydrate when it is combined at 
1.0 ppm copper plus 0.1 to 2.0 ppm c.e. diquat is well documented. At these 
concentrations, Hydrilla verticillata, Egeria densa and Naja guadalupensis 
accumulate copper ion at concentrations that are significantly higher than when 
diquat is absent (Sutton et al, 1970). This improved adsorption of cupric ion could 
explain the better than additive control of Hydrilla verticillata claimed by the 
Komeen®, Cutrine®-Plus, Nautique® or Captain® labels when these products are 
combined with diquat at the labeled use rates.  
 
There are some indications that iron, when blue-green algae (Anabaena) are not iron 
limited, may synergize the effects of copper sulfate. This is thought to be true 
because the siderophore (schizokinen), which is known to detoxify copper, is not 
synthesized at high concentrations when the iron levels in the water are not limiting 
growth. Schizokinen at 15 μM will cause a two-fold increase in growth rate even 
after the addition of 10 μM copper chloride or copper sulfate; in absence of 
schizokinen, 10μM copper will inhibit the growth of Anabaena. Other species that 
may be protected from the toxic effects of copper by the schizokinen include 
Anabaena flos-aquae, Anacystis nidulans, Microcystis aeruginosa and Gleocapsa 
alpicola. It is possible that when these species are lysed they will release schizokinen, 
which will bind to exogenous copper and prevent further damage to these important 
species (Clarke et al, 1987). 
 
Although concentrations were not specified, mixtures of parathion + diazinon + 
copper sulfate had a better than additive effect (synergistic effects) on bluegill 
sunfish. According to Macek (1975), synergistic effects may be important when the 
synergizing agent is used to control other pests or is accidentally introduced to the 
aquatic environment due to misapplication, over-spray or runoff. 
 
True synergistic effects with diquat in combination with Cutrine® have been well 
documented. Diquat and Cutrine® in combination have affected fish adversely in 
both the laboratory and semi-field situations. Diquat plus Cutrine® at concentrations 
of 5.5 ppm c.e. plus 0.162 ppm copper has caused greater than additive mortality in 
the brown trout (Simonin and Skea, 1977). This concentration of diquat plus 
Cutrine® is predicted by the random joint action equation to kill 33.5% of the 
exposed brook trout, but no trout survive an exposure of diquat plus Cutrine® that is 
this high. In the semi-field situation, diquat plus Cutrine® has caused complete fish-
kills at concentrations of 3.0 ppm plus 2.2 ppm (Daniel, 1972). These concentrations 
of diquat or Cutrine® alone should only affect the most sensitive species of fish. 
Therefore, it is possible that the low dissolved oxygen concentration in this test could 
have contributed to the observed fish-kill. However, mixtures of diquat and 
Komeen® at 0.3 plus 0.3 ppm or 0.4 plus 0.4 ppm Cu did not have adverse impacts 
on fish in the Guntersville Reservoir (Alabama) (Rodgers et al, 1992 and Bain and 
Boltz, 1992) with respect to numbers, size structure, condition or movement of 
largemouth bass. The use of herbicides including diquat plus Komeen® has also not 
demonstrated harmful effects on non-target aquatic resources such as sport fish and 
molluscs. However, concentrations of diquat plus Cutrine® at concentrations of 
0.735 ppm c.e. plus 0.28 ppm Cu (1 gallon diquat formulation per acre plus 1.0 
gallon Cutrine formulation per acre) would cause some fish mortality if applied to a 
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water column of 1 foot or less. Applications rates of 0.9 gallon diquat plus 0.1 gallon 
Cutrine® per acre would be a safer application rate, but it is not clear if this rate 
would control aquatic vegetation (Simonin and Skea, 1977).  
 
As discussed above, mixtures of zinc and copper at ratios of 6:1 have behaved in an 
additive manner against rainbow trout at low concentrations (4.0 ppm total metal). At 
higher concentrations (10 to 40 ppm total metal), better than additive or synergistic 
effects have been noted. However, at concentrations that may occur in the 
environment, only additive effects are anticipated when rainbow trout are exposed to 
this mixture (Loyd, 1961). 
 
The anionic surfactants ABS and LAS have a more than additive effect when mixed 
with copper sulfate octahydrate. For example, when ABS plus copper sulfate 
octahydrate are mixed at concentrations of 5.95 ppm plus 0.63 ppm Cu, the observed 
LT50 is 4.0 hours and the predicted LT50 is 24 hours. Furthermore, if LAS plus 
copper sulfate octahydrate are mixed at concentrations of 1.13 ppm and 0.66 ppm Cu, 
the observed LT50 is 8 hours and the predicted LT50 is 24 hours. Since the time to 
rainbow trout knockdown or time to lethality to these mixtures is greatly reduced 
from the predicted survival time, the mixtures of anion surfactants with copper 
sulfate can be considered synergistic (Calamari and Marchetti, 1973).  

 
4.2.5 Potential Impacts on Agriculture 

 
Summary: Copper at concentrations of 5.0 ppm Cu may be used for short-term 
irrigation; but concentrations higher than 5.0 ppm are not recommended. Although EPA 
does not restrict irrigation if the copper concentration is not higher than 1.0 ppm Cu, this 
restriction may not be adequate if the crop is particularly sensitive. For sensitive crops 
like vegetables, the maximum copper concentration in irrigation water for continuous use 
should not be higher than 0.2 ppm Cu; but for less sensitive crops like cereals, the 
recommended concentration should not exceed 1.0 ppm (Demayo et al, 1982). Gangstad 
(1986) claims that in irrigation canals, where the maximum use rate of copper sulfate is 
used, the concentration of copper that will build up on irrigated soils is minimal since 
60% of the applied copper will be adsorbed into the ditch bottom. If 40% of the copper 
gets to cropland that would amount to a total of 600 lbs per season applied over 3,000 
acres (0.2 lbs/acre). If this copper is distributed evenly throughout the top 6 inches of 
soil, not more than 0.10 ppm Cu will be added to the soil per season. This level of copper 
addition would not be expected to be hazardous to crop production and might actually 
improve yield since copper is a required plant nutrient. 
  
The EPA (1985) does not recommend water use restrictions after the use of copper 
sulfate or commercial copper-complexes used for algae and aquatic vegetation control 
providing that the copper concentration in the treated water in not higher than 1.0 ppm. 
Water may be used immediately after treatment for household purposes, irrigation and 
livestock watering. Current copper herbicide labels do not permit the use of copper at 
concentrations higher than 1.0 ppm Cu for the control of algae or aquatic vegetation. 
However, Triangle Brand® Copper Sulfate Crystal is labeled for use at a concentration of 
10 ppm copper sulfate (2.5 ppm Cu) for the control of tadpole shrimp in rice fields and in 
the past similar concentrations have been used for the control of aquatic snails, which 
vector schistosomiaisis (disease of the blood caused by parasitic flatworms) and liver 
flukes.  
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There are strong indications that copper will not persist at higher than background or 
steady state concentrations for more than 8 to 10 days in most lakes treated with copper 
sulfate. This includes prairie pothole lakes in Canada and cranberry bogs in 
Massachusetts (Wagemann and Barica, 1979; Whitaker et al, 1978 and EPA, 1987). 
When the Guntersville Reservoir (Alabama) was treated with diquat plus Komeen® at 
0.4 plus 0.4 ppm, concentrations of copper returned to background levels within 21 hours 
of treatment (Rodgers et al, 1992). However, in Sylvia Lake (Washington), a copper 
sulfate application of 0.5 ppm Cu to the southern two-thirds of the lake took more than 18 
days to dissipate to background levels (Serdar, 1995). Concentrations of copper in the 
water of irrigation canals in Sunnyside (Washington) treated with copper sulfate at 1.0 
lb/cfs dissipated to background levels in 1 to 3 days (Nelson et al, 1969 and EPA, 1985). 
However, in the Friant-Kern Canal [(California) (treated with copper sulfate at 1 lb/cfs 
concentration)] the concentration of copper in water did not return to pretreatment levels 
for approximately 40 days. (EPA, 1987). The Farmers Ditch irrigation canal [(Loveland, 
Colorado)(treated with maximum copper sulfate concentrations of 0.19, 0.05 and 0.50 
ppm Cu in 1966, 1967 and 1968)] had copper levels that did not dissipate to background 
levels until the slug of treated water had traveled more that 9.0 miles (Gangstad, 1986 
and EPA, 1985).  
 
In prairie pothole lakes treated at 0.048 to 0.14 ppm Cu, the steady state concentration 
ranged between 0.0038 and 0.0089 ppm Cu, while the steady state concentration in the 
prairie pothole lakes treated at 0.250 to 0.510 ppm Cu ranged between 0.038 and 0.087 
ppm. The concentration of copper in cranberry bogs treated with ~0.4 ppm copper was 
found to be 0.03 to 0.05 ppm Cu after 10 days of dissipation; and after 28 days the 
concentration of copper in this water was found to be 0.02 ppm Cu (EPA, 1987). In the 
Guntersville Reservoir, where Komeen® was applied at a target concentration of 0.40 
ppm Cu, this concentration was never achieved and the maximum concentrations ranged 
from 0.10 to 0.21 ppm 6 hours after application and 0 to 0.03 ppm at 21 hours after 
application (Rodgers et al, 1992). The concentration of copper at Sylvia Lake ranged 
between 0.011 and 0.013 ppm Cu in the lake and 0.012 ppm Cu at the upper outlet after 
18 days of dissipation. The concentration of copper at the lower outlet and in the Mark 
Dickinson Creek were less than the limit of detection (0.003 ppm Cu) after 18 days of 
dissipation (Serdar, 1995).  
 
The concentration of copper in irrigation canals varied with time and distance from the 
application site. After an initial treatment rate of 1 lb/cfs, concentrations of copper at 
Sunnyside (Washington) were 1.61 ppm 17 minutes after application 0.5 miles from the 
point of application, and dissipation to 0.002 ppm Cu took approximately 30 hours; 
dissipation to 0.001 ppm Cu took approximately 78 hours. The maximum concentration 
of copper in water 5.9, 11.5 and 23.2 miles downstream was 0.359, 0.231 and 0.038 ppm 
Cu, respectively; and it took approximately 4, 9 and 21 hours, respectively, to achieve 
these concentrations. In order to dissipate to 0.002 ppm Cu, it took approximately 31, 76 
and 76 hours, respectively. When copper sulfate was applied to the Friant-Kern irrigation 
canal at similar rates, the maximum concentrations were 3.91 and 2.41 ppm 15 minutes 
after application at 1.03 and 7.57 miles downstream from the application site. Within 35 
minutes the concentration at these sites were 0.11 and 0.16 ppm, respectively; and at 40 
minutes after application the concentration at these sites was 0.02 and 0.07 ppm, 
respectively (EPA, 1985). When copper sulfate was applied in the Farmers Ditch 
irrigation canal at the maximum use rate (0.50 ppm), the maximal concentration of 
copper 0.25, 2.5, 7,5 and 9.0 miles downstream was 0.5, 0.35, 0.17 and 0.07 ppm Cu, 
respectively. At application rates of 0.19 and 0.05 ppm Cu, the concentration of copper at 
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these distances downstream was 0.09, 0.07, 0.01 and 0.01 ppm Cu for the 0.19 ppm Cu 
treatment, and 0.05,0.02, 0.02 and 0.02 ppm Cu for the 0.05 ppm Cu treatment, 
respectively (EPA, 1985, Gangstad, 1986). 
 
The persistence of copper in prairie pothole lakes appears to be strongly affected by the 
application rate. For example, the lower application rates may have longer half-lives and 
times to equilibrium than higher application rates. The half-life and time to equilibrium at 
the lowest application rate (0.048 ppm Cu) were 6.9 and 25 days, respectively, while at 
the higher application rates (0.130 to 0.510 ppm Cu) the half-life and time to equilibrium 
ranged between 0.92 to 1.9 days and 2.3 to 6.3 days, respectively. The predicted 4-day 
average concentration of copper that occurs in prairie pothole lakes ranges from 0.039 to 
0.063 ppm when the application rate is 0.048 ppm to 0.140 ppm Cu and 0.131 to 0.194 
ppm Cu when the application rate is 0.250 to 0.510 ppm. Maine (1976) claims that the 
toxicity of copper product to indigenous fish species can vary from 0.002 to 2,000 ppm. 
Therefore, it seems likely that the 4-day average concentrates will adversely impact the 
more sensitive species. Whitaker et al (1978) recommends that copper sulfate be used at 
concentrations of 0.04 ppm Cu to control Aphanizomenon flos-aquae and it seems 
unlikely that rainbow trout in natural waters will be acutely affected by these low copper 
sulfate concentrations. However, in an irrigation canal (Farmers Ditch, Colorado) treated 
continuously with a maximum level of 0.200 ppm Cu, yellow perch, minnows, carp and a 
few trout were found in good condition at the end of the irrigation season. Furthermore, 
crayfish, mayfly and midge larvae also appeared to be healthy. Also, continuous exposure 
to 0.002 to 0.005 ppm copper for several years, controlled algae but apparently has not 
aversely affected rainbow trout that had escaped into a concrete line canal (Gangstad, 
1986).  
 
A water use restriction is not necessary if the treatment rate is less than 1.0 ppm Cu. 
However, typical Washington State permits require a set back distance of 400 feet from 
water intake valves and water outlet (streams and rivers) to prevent toxicity of the applied 
copper sulfate to downstream fish hatcheries and planted salmonids. Serdar (1995) claims 
that the levels of copper in the Sylvia Lake outlet following copper treatment at 0.5 ppm 
are not protective of resident or out-migrating salmon. The dissolved copper 
concentrations of 0.020 and 0.077 ppm likely to persist in the outlet stream of Sylvia 
Lake are for at least 24 hours following treatment. Furthermore, copper levels of 0.0095 
to 0.052 and 0.0035 to 0.039 ppm persisted at an undetermined distance downstream for 
2 to 4 days, respectively. Given the hardness of the water in this stream (~50 ppm), these 
environmental conditions do not provide a sufficient safety margin at levels where 
toxicity is expected to occur (24-hour LC50 = 0.023 ppm Cu in soft water for juvenile 
Coho salmon).  
 
• Potential impacts of water on irrigation 
 

If water used for irrigation contains less copper than mandated by the drinking water 
standard (1.0 ppm Cu), copper sulfate and the commercial copper-complexes should 
not have an adverse impact on crops irrigated with treated water. According to Scott 
Fink (Public Health Department: Drinking Water Division, 2000 personal 
communication), the levels of herbicides in public drinking water have always been 
below the current MCLs. 
 
Broadleaf plants like vegetables are generally somewhat more susceptible to copper 
herbicides than cereals. Copper concentrations in treated water may be as high as 5.0 
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ppm Cu when the irrigation water is for short-term use. It is generally recommended 
that copper concentrations in irrigation water not exceed 1.0 ppm Cu even on non-
sensitive crops like cereal. On sensitive crops like vegetables, the maximum 
suggested copper concentration in water for continuous use on soils is 0.2 ppm Cu 
(Pratt, 1973 and Hart, 1974 in Demayo et al, 1982). 
 
2.6 mg Cu/Kg soil can be applied for 5 to10 years on sandy soil and for up to 60 
years on fine soil with a high cation exchange capacity without adverse impact to 
crop plants (Baker, 1974 in Demayo et al, 1982). Gangstad (1986) has noted that 
when the maximum labeled use rate of copper sulfate is applied to irrigation canals, 
60% of the applied copper remained in the ditch bottom at Farmers Ditch (Colorado). 
If 40% of the copper reaches cropland due to irrigation, a total of 600 lbs of copper 
per season will be applied over 3,000 acres, which is equivalent to 0.2 lbs 
copper/acre. If this copper is evenly distributed through a 6 inch soil column, an 
additional 0.1 ppm copper per season would be added to the soil. The addition of this 
low level of copper is not expected to adversely impact crop production and may 
improve yields since copper is an essential plant nutrient. 

 
Many species of plants can survive repeated exposure to copper if key periods of 
susceptibility are considered. These periods include germination (more susceptible), 
seedling (more susceptible), dormancy (less susceptible) and aging (less susceptible) 
periods. Other factors include plasticity, seed dispersal, hardiness and tolerance 
(Ebasco, 1993). For additional information please see Section 4.3.3. 
 
When water containing up to 1.0 Cu was used in nutrient solutions or sewage sludge 
was used as fertilizer, some minimal impact on the growth of roots and other 
indicators of plant health were seen (Table 10). However, the copper herbicide labels, 
Gangstad (1986) and EPA (1985) indicate that no regulation on application of 
irrigation water is necessary to grow crops or insure the health of the human 
consumer. 

 
• Potential impacts of water used to water livestock 
 

If water used for watering livestock contains less than 1.0 ppm Cu, the amount of 
copper consumed is not considered hazardous to livestock or wildlife drinking the 
irrigation water (Gangstad, 1986). The National Academy of Science (1977 in 
Demayo et al, 1982) recommended that the copper concentration in livestock and 
poultry drinking water should not be higher than 0.5 ppm Cu. Guidelines for other 
countries may be more liberal. For example, the Canadian Department of the 
Environment recommended a maximum concentration of 2.0 ppm Cu in water for 
sheep and 5.0 ppm Cu for all other farm animals. Furthermore, the Australian 
Government guidelines recommend not more than 0.5 to 2.0 ppm copper in the 
drinking water of farm animals.  
 
Copper is a required nutrient in livestock and the daily requirement of copper for 
sheep ranges from 1 to 10 mg per day depending on the sheep’s intake of other 
nutrients and the type of sheep. If water for livestock contains 1 ppm Cu, a typical 
sheep would have to consume up to 10 liters of water to obtain a dosage of copper 
equivalent to their daily requirement. Furthermore, grazing animals may ingest soil at 
rates of 10% to 30% of their dry matter intake. The role of copper in soil for 
maintaining animal nutritional requirements is not fully understood, but soil 
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concentrations up to 50 mg Cu/Kg should be safe. Sheep that consume a 
concentration of 4.0 mg/Kg bodyweight as copper sulfate may accumulate liver 
concentrations of copper that would make the sheep liver dangerous for human 
consumption (1,600 to 3,000 ppm Cu). A 100 pound sheep would have to consume 
approximately 20 liters of water containing 10 ppm copper to accumulate a liver 
dosage high enough to cause toxicity in human beings who might eat that organ 
(Demayo et al, 1982). The time frame to accumulate a toxic concentration of residues 
in the liver was not given.  
 

• Potential impacts of water used for agricultural sprays 
 

Crops can withstand irrigation with water that contains as much as 1.0 ppm Cu. 
Therefore, it is not anticipated that the use of water containing this much copper in 
sprays used to treat agricultural crops for pests and diseases would have an adverse 
impact on the crops. Copper treatments used to control fungal diseases on crops 
contain concentrations that are much higher than 1.0 ppm Cu. Such treatments 
include tribasic copper sulfate used for the treatment of fungal diseases on tree fruit 
and nut crops. It is also used to treat fungal disease in rice, cranberries, and a variety 
of vegetable and ornamental crops including lawns. Other fungicidal products may 
contain copper sulfate monohydrate, anhydrous copper sulfate, copper sulfate 
pentahydrate, Bordeaux mixture, copper oxychloride sulfate and copper ammonium 
complex. Certain insecticides and antimicrobials may contain copper sulfate 
pentahydrate and anhydrous copper sulfate (EPA, 1985). Certain mixtures of copper 
and other pesticides or fertilizers may be additive, antagonistic or synergistic. 
However, copper at concentrations of less than 1.0 ppm Cu in treated water may not 
significantly impact the pesticidal, therapeutic or adjuvant properties of agricultural 
chemicals that might be applied in dilution water that has been treated for algae and 
aquatic vascular plant control. See Section 4.2. 

 
• Potential impacts on fishing and the consumption of fish 
 

Copper is known to bioaccumulate in aquatic organisms. In fish, a bioaccumulation 
factor of 1 to 450 was seen in freshwater fish and 150 to 750 in seawater fish (Janus 
et al, 1989 in ACP, 1999). However, copper is not known to biomagnify as it travels 
up the food chain with the bioaccumulation of copper in phytoplankton, filamentous 
algae and insect larvae being 10- to 40-fold higher than in fish. (Krumholz and 
Foster, 1957). For example, the concentration of copper in edible fish grown in water 
treated with copper sulfate does not appear to bioaccumulate in either catfish or 
rainbow trout (Griffin et al, 1997 and Bohl et al, 1982). However, copper has 
bioaccumulated in the liver of both catfish and rainbow trout (Griffin, 1997 and 
Majewski, 1978).  Also, when green sunfish were harvested 1 week after treatment of 
water with 3.0 ppm Cu as CuSO4, concentrations in fish tissue were not higher than 
3.0 ppm Cu.  
 
In addition, when the Guntersville Reservoir (Alabama) was treated with diquat plus 
Komeen® at 0.4 plus 0.4 ppm, bioconcentration of copper during the first 48 hours in 
fish tissue of various species averaged 1,905-times the water treatment rate. 
However, the absolute concentrations in fish tissue only doubled from ~26 ppm 
pretreatment to ~50 ppm after 48 hours of exposure. When the maximum use rate of 
2.0 gallons formulation per acre (0.4 ppm Cu) was used at the same site, no 
significant fish-kill was mentioned (Rodgers et al, 1992, Bain and Boltz, 1992). In 
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molluscs taken from the same treatment area, the bioconcentration of copper in 21 
hours was 2,166 times the water treatment rate. However, the absolute concentration 
of copper in mollusc tissue only increased from ~38 ppm pretreatment to 82 ppm 
after 21 hours of exposure to Komeen®. Eight days after treatment, the copper 
concentrations in mollusc tissue began to decrease but was still above background 
levels (38 ppm) after 29 days of depuration (56 ppm) since the uptake rate for copper 
in molluscs drastically exceeds the depuration rate (Table 4B). 
 
In situations where the copper concentration in the water column is low (0.001 ppm 
Cu), the concentration of copper in both fish and mollusc tissue is generally low. 
Mathis and Cummings (1973) found that the levels of copper in the tissue of fish 
taken from the Illinois River varied from 0.07 ppm in the Northern pike (Esox 
luscius) to 0.24 ppm in the common carp (Cyprinus carpio). The levels of copper 
found in the tissue of various river clam species was less than 2.0 ppm. The 
concentration of copper in predatory fish is also much lower than in omnivorous and 
phytophagous fish, clams and annelid worms (Tubifex sp.). 
 
Many organisms bioaccumulate copper from treatments with copper sulfate, or 
commercial copper-complexes like Komeen®. Retention time in the tissues of 
molluscs, fish and plants can be quite long. For example, after accumulation of ~60 
ppm copper from the exposure of eastern oyster (Crassostrea virginica) only 37% of 
the copper was depurated from the mantle tissue in 7 weeks. This is considered a 
long depuration time since EPA guidelines generally consider less than 90% 
depuration in 4 weeks to be a long depuration time (Silva and Qasim, 1979). The 
half-life of copper in most fish species was much shorter than that observed for 
oysters. For example, the half-life of copper in the pumpkinseed sunfish (Lepomis 
gibbosus) is very short [1.6 to 4.8 hours (Anderson and Spear, 1980 in Demayo et al, 
1982)]. Such short tissue half-lives would lead to a 90% depuration within 5.3 to 16 
hours. However, copper depurates more slowly from the green sunfish (Lepomis 
cyanocephalus) with depuration to background levels taking as long as 79 days. The 
copper remained in fish tissue for 5 weeks longer than in the treated pond water 
(McIntosh, 1975 in Demayo et al, 1982). Depuration of copper in molluscs from the 
Guntersville Reservoir treated with Komeen® plus diquat, was fairly slow with only 
60% of the adsorbed copper depurated in 29 days. The half-life time for depuration of 
copper from these molluscs would therefore be ~ 21 days and it would take ~ 70 days 
for 90% of the adsorbed copper to depurate (Rodgers et al, 1992).  
 
Elemental copper will not be metabolized by fish or aquatic invertebrates. However, 
if organic complexing agents like TEA in the case of K-Tea™ and Cutrine®-Plus or 
EDA in the case of Komeen® are adsorbed along with the cupric copper, these 
organic molecules will be degraded. No studies have been completed that indicate 
that the metabolites of TEA and EDA might be present in aquatic organisms. 
However, commercial copper-complexes are not generally adsorbed extensively by 
aquatic organisms prior to hydrolyzation to cupric cation and the organic complexing 
agent. This may be why K-Tea™, Cutrine®-Plus and Komeen® are considerably less 
toxic to fish and aquatic invertebrates than copper sulfate pentahydrate; the 
commercial copper-complexes are slow-release copper products. For example, the 
time for total release of soluble copper from Komeen®, applied in an invert 
emulsion, takes longer than 24 hours. The time for release of copper from Komeen® 
can vary tremendously depending on the type of invert emulsion used (Myers and 
Stoner, 1974). For example, Komeen® mixed with Spra-Mate/Xylene invert 
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emulsion releases 70 % of the total elemental copper in about 4 hours and another 10 
% of the total elemental copper in the next 20 hours. However, very little total 
elemental copper (<5%) is released in 24 hours if Komeen® is mixed with Spra-
Mate/Diesel or S-120/Xylene invert emulsions. Unfortunately, these laboratory 
studies do not indicate how these mixtures will behave in the field.  
 
Copper does bioaccumulate in the tissues of fish and molluscs. The absolute 
concentrations of copper in the tissue of edible animals in these group also does not 
appear to be high enough to adversely impact the health of humans who consume 
them (Griffin et al, 1997 and Bohl et al, 1982).  In fact, EPA has granted an 
exemption from a requirement of tolerance in fish and shellfish. An exemption from 
a requirement of tolerance has also been granted for most components of the human 
diet including eggs, fish, meat, milk, irrigated crops and shellfish, while the FDA 
established a tolerance in potable water of 1.0 ppm Cu. Therefore, there is no 
restriction on the consumption of fish or shellfish taken from waters treated with 
copper sulfate or the commercial copper-complexes at the maximum use rate (1.0 
ppm Cu) for the control of algae and aquatic vascular weeds (Gangstad, 1986). 
  

• Potential impact of air quality on crop plants and livestock 

Copper sulfate products and the commercial copper-complexes have a high water 
solubility for copper sulfate pentahydrate (830,000) and are miscible with water for 
the commercial copper-complexes. Since the volatility of copper sulfate is negligible 
and the volatility of the commercial copper-complexes is only 17 mm Hg, contact 
with vapors at concentrations that are likely to harm crops or livestock is unlikely 
(Volume 5, Section 2 of Copper SEIS). Applying liquid copper products as 
subsurface injections using invert emulsions as an adjuvant can further reduce contact 
with copper products. Copper sulfate crystals can be applied underwater by placing 
them in burlap bags or baskets and dragging it through the water by means of a boat. 
If liquid copper products are applied by air or at the surface by boat or motorized 
land vehicle, the booms, nozzles and nozzle pressures should be configured to 
produce large droplets and a thickening agent like Nalquatic® or Polysar® should be 
added in order to limit drift.  
 
Due to the low vapor pressure of commercial copper-complexes (negligible to 17 mm 
Hg at 25°C), copper products should have little tendency to effect air quality or cause 
crop damage. The mode of application is usually subsurface injection for liquid 
formulations making drift outside the treatment area unlikely. When a boom sprayer 
applies a liquid formulation, as much as 1% of the application may drift out of the 
treatment area. This amount of drift could have an impact if 120 swaths were applied 
and 1% of the applied pesticide drifted out of the treatment area on each pass. In this 
case, dosage levels higher than those intended for the target could accumulate 
downwind of the treatment area. This could cause an effect on non-target plants that 
may damage habitat and decrease the amount of forage available for waterfowl and 
fish in non-target areas (Forsythe et al, 1997). In cases where aerial application might 
be necessary, as much as 17% of the treatment would not strike the target area. In 
aerial application, drift out of the treatment area could effect non-target organisms at 
a great distance from the site of application. Depending on how much copper product 
was deposited per unit area outside the site, there could be a significant impact on 
non-target wild plants or crops. In addition to effects on plants, non-target sensitive 
terrestrial wildlife may be adversely impacted. Although this is theoretically possible, 
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it seems unlikely since terrestrial plants are not highly susceptible to copper products 
and many copper products are used to control insects, fungi and other microbial 
diseases on terrestrial crop plants. 
 
Odor is negligible for copper sulfate pentahydrate and a slight ammonia odor may be 
detected during treatment with the commercial copper-complexes for short periods of 
time following application of the commercial copper-complexes. Posting and 
communication requirements specified in the aquatic weed control permit should 
make the public aware of any potential odor problems and their length of duration. 
Copper products may be applied to from one-third to one-half of the water body with 
a 7 to 21 day interval between treatments. Multiple applications are unlikely in 
Washington State unless the weather is very warm and/or algal blooms recur. Direct 
effects from breathing the vapor are unlikely for the general public. However, the 
material safety data sheets for the commercial copper-complexes instruct one to 
remove an inhalation victim to fresh air and administer oxygen if necessary.  

 
• Potential impact of flooding on agriculture 
 

Flooding of agricultural land with copper-treated water should be a rare occurrence. 
When flooding occurs, dilution effects should mitigate the effects of the 
concentration of copper. As long as the treatment rate is not higher than 1.0 ppm Cu, 
a single flood event seems unlikely to make agricultural soil unsuitable for raising 
crop plants or livestock. If floodwater is confined to a very small area, copper may 
accumulate on soils at higher than 2.6 mg/Kg in any given season. This concentration 
should be safe on sandy soils even if a flood occurs every year for 5 to 10 years. On 
fine soils with high cation exchange capacity, a flood of this type could occur every 
year for 60 years without copper reaching toxic levels on this soil. Flood irrigation is 
typically practiced with very few crops. Flood irrigation has the potential to cause 
crop damage even if drip or sprinkler irrigation at up to 6 acre-inches does not. 
Further research to address this may be necessary, although floods seem unlikely to 
cause adverse impacts on crop soils due to the deposit of copper from the water to the 
soil.  

 
• Potential impacts on aquaculture and fisheries 
 

The use of copper products and their effect on fish and aquatic invertebrates in the 
field is unpredictable. If the copper chelating capacity of the treated water is high, 
copper is not likely to cause adverse impact to fish or aquatic invertebrates. However, 
in the H.B. Robinson (South Carolina) impoundment, concentrations of copper at 
0.018 to 0.061 ppm can be higher than the apparent copper-complexing capacity. 
Under these conditions fish populations were smaller and structural deformities 
greater in blue gills collected from 1976 to 1978 than those found in previous years. 
Extensive investigations at this sight eliminated temperature, selenium, pesticides, 
water quality and vitamin C storage as causes of these adverse effects. Since total and 
labile (unstable) copper content in this power station effluent was much higher than 
in the effluent of other power stations, copper may have been responsible for the 
adverse impact of the effluent from the H.B Robinson impoundment. For example, 
the effluent from Fort St. Vrain (Colorado), Kewaunee (Wisconsin), and Vermont 
Yangkee (Vermont) power stations had copper concentrations of <0.0052, <0.0041 
and <0.004 ppm, respectively, which is much lower than the concentrations of copper 
found at the H.B. Robinson impoundment. The apparent copper-complexing capacity 
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at these sites was low, and concentrations of copper that are less than 0.005 ppm are 
not likely to cause acute mortality or chronic adverse effects on bluegill sunfish 
(Harrison, 1986 and Harrison, 1985). The acute LC50 for bluegill is 1.100 ppm Cu as 
copper and the chronic MATC is 0.029 ppm Cu [(NOEC = 0.021 ppm Cu and LOEC 
= 0.040 ppm Cu) (Benoit, 1975)].  
 
Also, all treatment sites are not equal in their ability to protect fish from the effects of 
copper poisoning. For example, bluegill, largemouth bass and channel catfish in 
growth pools containing a 50/50 peat/sand bottom were able to withstand copper 
sulfate at concentrations up to 1.0 ppm Cu for up to 8 weeks without adverse impact. 
These fish were also able to withstand exposure to diquat plus copper sulfate 
pentahydrate at 1.0 plus 1.0 ppm Cu for 8 weeks (Gangstad, 1986). However, 0.250 
ppm Cu as copper sulfate in prairie pothole fish farms was toxic to rainbow trout. 
Therefore, it was recommended that concentrations not higher than 0.040 ppm Cu be 
used to control Aphanizomenon flos-aquae (Whitaker et al, 1978).  When other trout 
ponds were treated with 1.0 ppm for 5 days per month for 18 months, there was no 
substantial impact on edibility. These fish were assumed to not display increased 
mortality or decreased growth during the 18 months of the study (Bohl et al, 1982). 
 
A natural lake, Lake Jesse (New York), treated with 0.5 ppm copper sulfate 
experienced good control of practically all algal species. There were no apparent 
effects on rooted submerged and emerged vegetation. However, limnetic (deep 
water) zooplankton were completely destroyed at this dosage. As predicted, most fish 
in the lake were eliminated (Smith, 1935). Influences of the lack of zooplankton as 
fish foodstuff was not discussed, but death of their food supply may adversely affect 
the survival and growth of resident fish populations. 
 
Treatment with copper sulfate can also affect the roughfish: panfish: gamefish ratio. 
For example, Hanson and Stefan (1984) noted that 3 years after restocking (1970) 
gamefish in the Fairmont Lakes that this ratio was 34:36:30 but by 1977 this ratio had 
changed to 79:18:1, which was basically the same as this ratio before restocking. 
During this time, the Fairmont Lakes were treated with copper sulfate pentahydrate at 
rates up to 0.9 ppm (0.225 ppm Cu) which was effective in controlling algae in only 
1 out of 10 treatments and that dead fish were found after the 1972 treatment. 
However, by 1981 (two years after copper sulfate treatments had been suspended), 
the roughfish: panfish: gamefish ratio had improved to 61:33:6 and this improvement 
was maintained through the 1984 fishing season. 
 
At Sylvia Lake (Washington), the Rosedale Fisheries Co-op incubated approximately 
1,000 chum salmon (Oncorhynchus keta) eggs per year using water from the outlet 
stream (Serdar, 1995). These hatched fry are released to the stream during winter and 
early spring and migrate to the sea within a fairly short period of time. Coho salmon 
(Oncorhynchus kisutch) are often planted in the outlet stream during the late winter 
and spring. After treatment of two-thirds of Sylvia Lake with 0.5 ppm Cu as copper 
sulfate, the outlet stream contains 0.077, 0.052 and 0.039 ppm Cu at 24, 48 and 96 
hours after treatment. At 10 and 18 days after treatment the concentration of the 
outlet stream was 0.019 and 0.012 ppm. These concentrations are high enough to 
cause mortality in sac-fry and juvenile Coho salmon (96-hour LC50 = 0.015 and 
0.032 ppm, respectively, in soft water). Furthermore, concentrations of copper as low 
as 0.010 to 0.030 ppm, while not toxic by direct exposure of Coho salmon in 
freshwater for 6 days, decreased subsequent seawater survival (Lorz and McPherson, 
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1976). Chronic exposure of Coho salmon to 0.005 ppm Cu can also decrease the 
amount of downstream migration in salmon smolts. 0.005 ppm may not be much 
higher than background concentrations of copper seen in many natural water bodies 
located in the United States and Europe.  
 
Because of the variation in results, it is difficult to predict if a given treatment 
concentration with copper products will be safe to fish. However, typical treatments 
(0.5 ppm Cu applied to two-thirds of a lake) that cause concentrations of copper to 
persist at concentrations from 0.0095 to 0.052 and 0.0035 to 0.039 ppm Cu, remain 
for an undetermined distance downstream. This persistence can endure for 2 to 4 
days, respectively. In soft water (~50 ppm Ca CO3), these observed environmental 
concentrations do not provide a sufficient margin of safety to protect sensitive and 
endangered salmonids. For protection of fish, the margin of safety should be at least 
10-fold. However, there are some difficulties interpreting this data for the following 
reasons: 1) The amount of total or soluble copper present in a natural surface water 
cannot be used to describe the toxicity attributable to copper since the values obtained 
will overestimate the concentrations of the toxic species of copper [Cu2+, CuOH+, 
Cu(OH)2 and possibly Cu2(OH)2)] and will therefore be erroneous; 2) “Because of the 
variable degree and nature of copper complexing which will occur when raw surface 
waters are used for dilution purposes in toxicity tests, such tests cannot serve to 
define the ‘true’ toxicity of copper (which will often be grossly underestimated) nor 
have application to waters other than those being used, unless information is obtained 
on the concentrations at which the toxic species of copper are present” (Brown et al, 
1974). 
 

4.3 ENVIRONMENTAL TOXICITY REVIEW – DIQUAT TOXICITY TO THE 
BIOTA AND RISK ASSESSMENT 

 
Copper sulfate and the commercial copper-complexes are acutely and chronically toxic to 
most aquatic life. The labels indicate that copper sulfate controls many species of algae at 
concentrations of as low as 0.0625 to 0.125 ppm. In addition, the acute toxicity studies 
with algae indicate that many species are harmed (growth is significantly inhibited or 
ceases) at concentrations as low as 0.0063 to 0.1ppm Cu (Table 13).  However, some of 
the blue green-algae species like Anabaena and Aphanizomenon cease to fix nitrogen 
efficiently at concentrations of copper as low as 0.005 to 0.01 ppm Cu (Horne and 
Goldman, 1974) and photosynthesis is inhibited by 86% within one day of exposure to 
0.05 ppm. Depending on the species, either blue-green algae or green algae can dominate 
the water column after treatment with copper sulfate. Hanson and Stefan (1982) noted 
that by 1972, copper sulfate treatment of the Fairmont Lakes had little effect on 
Anabaena and Aphanizomenon. By 1974, these blue-green algae dominated the water 
column throughout the summer; other blue-green algae dominated the water column in 
certain years including Anacystis and Microcystis species. Taub et al (1986) noted that 
ponds treated with 2.0 ppm copper sulfate at Washington State University and in Duluth 
(Minnesota) were dominated by a green algae species. Oocystis and Ankistrodesmus 
could effectively compete against the blue-green algae when the concentrations of copper 
sulfate were as high as 2.0 ppm. Maloney and Palmer (1956) found that diatoms were 
well controlled at concentrations of 0.5 ppm Cu but that only 57% of the tested blue-
green alga species and 37 % of the tested green algae species are controlled at these 
concentrations. Macrophytes have been reported to be adversely impacted by copper 
sulfate at normal treatment rates. For example, Hanson and Stefan (1984) citing Haser 
(1947) noted that a lake in Illinois that had been treated every week in the summer for 17 
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years had become devoid of aquatic macrophytes and did not have algal blooms. 
Mixtures of Cutrine® and Diquat at 2.2 pus 3.0 ppm killed almost all algae and aquatic 
macrophytes (Siberian watermilfoil) in a microcosm in Franklin, Wisconsin (Daniel, 
1977). Significant growth of weeds (leafy pondweed or Siberian watermilfoil) did not 
occur for up to 268 days. However, standard treatments of K-Tea™ plus diquat at 4 
gallons + 2 gallons / acre of the commercial formulations was ineffective in controlling 
Hydrilla verticillata (Meyers and Stoner, 1974).  Other aquatic plants (algae) appear to be 
resistant to much higher concentrations of copper sulfate. For example, Ankistrodesmus 
braunil, Ankistrodesmus falcatus acicularis, Symploca erecta, Clamydomonas sp., 
Cyclotella meneghiana, Navicula incerta, Calothrix brunnii, and others are not effected 
at concentrations that range from 0.5 to 8.0 ppm Cu (Table 13). The commercial copper-
complexes (Komeen® and Nautique™) are primarily used to control Hydrilla 
verticillata. However, they suppress the growth of other aquatic macrophytes. For 
example, Komeen® is effective in controlling Hydrilla verticillata in both the laboratory 
and the field. Although it takes concentrations of 0.5 ppm to achieve 85% control in the 
laboratory, Myers and Stoner (1974) found that Komeen® was effective in controlling 
Hydrilla verticillata in the field for at least 4 weeks at 1.0 ppm. At concentrations 
typically recommended for the control of algae and aquatic weeds (up to 1.0 ppm Cu), 
copper sulfate is toxic to most species of fish. For example, the 96-hour LC50 for copper 
sulfate for typical fish species can be quite variable. However, the state of Maine (1976) 
reported that the most sensitive species of fish are adversely impacted by concentrations 
of copper products as low as 0.002 ppm Cu and the least sensitive species are not affected 
by concentrations of copper products up to 2,000 ppm Cu. Typically, the more sensitive 
species of fish (salmonids and striped bass) are adversely affected at concentrations that 
are low, but not as low as those indicated by the state of Maine. For example, the LC50 
for copper sulfate to sac-fry, free-swimming fry and fingerlings of striped bass ranges 
from 0.025 to 0.155 ppm Cu, while the LC50 for most salmonids ranges from 0.0116 to 
approximately 0.37 ppm. The variation is generally due to the age of the fish and the 
hardness or alkalinity of the water (Table 18). Younger animals are generally more 
susceptible to copper sulfate than older animals with the exception of eggs which are 
often tolerant of copper sulfate since the chorion prevents the active Cu2+ from 
penetrating the egg and affecting the embryo (Hazel and Meith, 1970).  A fair amount of 
data has been collected on Komeen®, K-Tea™, Cutrine® and Copper Control®. Fish 
appear to be more tolerant to all of the commercial copper-complexes than to copper 
sulfate. For example, typical LC50s for Komeen®, K-Tea™, Cutrine® and Copper 
Control® are >30, >4, >1 and >1 ppm Cu, respectively. However, the more sensitive 
species like rainbow trout can be very sensitive to the commercial copper-complexes; the 
most sensitive cases yielded LC50s for rainbow trout of 0.076, 0.029, 0.030 and 0.026 
ppm Cu, respectively. Copper sulfate is toxic to most species of aquatic invertebrates 
with the typical indicator species like Daphnia magna having 48-hour LC50s of 0.0098 
to 0.065 ppm Cu (Table 20). Most species of invertebrates have an LC50 for copper 
sulfate that is less than 1.0 ppm but a few species like the stonefly (Acroneuria lycoria), 
mollusc (Amnicola sp.), caddisfly (Trichoptera) and damselfly (Anisoptera) exhibit 
LC50s in excess of 5.0 ppm Cu. Big differences in the toxicity of copper sulfate have 
been found when invertebrates are tested in natural pond waters or whole sediments. For 
example, a Cyclops species was unaffected in pond water containing from 22 to 57 ppm 
Cu as copper sulfate, which was much higher than the LC50 for Cyclops ambysorum 
(LDC50 = 2.5 ppm Cu) tested in typical laboratory water. Although the toxicity of copper 
sulfate appears to be most closely related to the concentration of copper in overlying 
water for free-swimming species like Daphnia magna, those species that are associated 
with the pore water, like Hexagenia sp. and Hyalella sp., or the sediment, like 
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Chironomus tentans, appear to be more highly affected by the concentration of copper in 
those associated media (Suedel et al, 1996 and Bennett and Cubbage, 1992). Although 
extensive testing has not been done with commercial copper-complexes, it typically takes 
more than 5.0 ppm of Cutrine® to affect invertebrates at the LC50 level. Based on the 
above data, while the acute risk from copper sulfate treatment appears to be high to many 
species of invertebrate and fish, the acute risk from the commercial copper-complexes is 
probably acceptable with all but the most sensitive species (salmonids, striped bass and 
possibly grass shrimp). 
 
Field studies indicate that whether animals are affected by copper sulfate or the 
commercial copper-complexes depends on the water quality and the species of organism 
present. Fish and invertebrates are often affected by exposure to copper sulfate. For 
example, a number of authors have found that concentrations of copper sulfate typically 
used to control algae were also highly toxic to zooplankton and fish (Smith, 1935; de 
Zambrane, 1979). Furthermore, 3 ppm of copper sulfate (0.75 ppm Cu), used to control 
Chara in outdoor ponds, had directly toxic effects and/or secondary effects on aquatic 
arthropod populations such as rotifers, copepods and cladocerans. Direct effects are due 
to direct intoxication from copper and secondary effects are usually due to the reduction 
in the dissolved oxygen and production of secondary toxins like hydrogen sulfide and the 
secondary release of copper from dead and dying algae or aquatic macrophytes 
(McIntosh and Kevern, 1974). Both Maloney and Palmer (1956) and Whitaker et al 
(1976) found concentrations of copper sulfate (0.125 to 0.25 ppm Cu) used to control 
algae in the field are toxic to most species of fish. The most sensitive species of fish 
appear to be rainbow trout (LC50 = 0.016 ppm Cu) and striped bass (LC50 = 0.025 ppm 
Cu). The least sensitive species appear to be channel catfish (LC50 = 0.054 ppm Cu) and 
bluegills (LC50 = 0.221 ppm Cu) (Bills et al, 1993); and this is borne out by the data in 
Table 18. However, certain other species also appear to be very susceptible, including 
cutthroat trout (LC50 = 0.016 ppm Cu), northern squawfish (0.018 ppm Cu), fathead 
minnow (0.0125 ppm Cu) and Chinook salmon (LC50 = 0.019 ppm). In field studies, not 
all treatments with copper sulfate were toxic to either fish or invertebrates. For example, 
treatment with mixtures of Aliquat® 4 and copper sulfate controlled pondweeds 
effectively but had no detrimental effects on fish (Archer and Bachman, 1974). 
Furthermore, while treatment with 1.0 ppm Cu copper sulfate was effective in controlling 
Hydrilla verticillata for up to 8 weeks, various species of fish were not harmed in the 
short term by this treatment (Gangstad, 1978). The use of copper sulfate at 0.005 ppm to 
control microbes did not harm algae or the zooplankton that depend on them for food. 
Greater detail of the reasons for harm or lack of harm to zooplankton and fish will be 
discussed in a later section. However, greatest harm to all aquatic organisms appears to 
occur in situations where the pH, alkalinity and the hardness are low and the substrate 
does not readily adsorb copper.  
 
The commercial copper-complexes have also been harmful or not, depending on the 
complex used and the species present. For example, Cutrine® mixed with diquat at 2.2 
ppm Cu plus 3.0 ppm diquat killed almost all resident fish in microcosm experiments 
within ponds in Franklin (Wisconsin). This was either due to low dissolved oxygen 
content or synergistic effects of Cutrine® plus diquat. Other similar experiments where 
the Cutrine® concentrations were 2.2 ppm and the diquat concentration was lower (1.5 
ppm) and combined with endothall (1.5 ppm) did not affect the resident fish population 
(Daniel, 1972). Komeen® plus diquat at either 0.3 plus 0.3 ppm or 0.4 plus 0.4 ppm 
controlled Hydrilla verticillata and Myriophyllum spicatum but appeared to have no 
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effect on fish or gastropods in the Guntersville Reservoir (Alabama) (Bain and Boltz, 
1992 and Rodgers et al, 1992). 

 
The effectiveness of Komeen®, Nautique™ and Clearigate® may be improved on 
floating weeds like Eicchornia crassipes or Pistia stratiotes by adding nonionic 
surfactants and accelerators so that the copper-complex and any tank-mix with diquat or 
other appropriate aquatic herbicide are more readily adsorbed. Copper products are 
primarily applied from boats using a spray boom or subsurface injection. Commercial 
copper-complexes that are liquid products may occasionally be applied from a shore 
vehicle using a spray boom. It is unusual for liquid commercial copper-complexes to be 
applied by aircraft except for application to remote sites. Aerial application is usually 
avoided due to public perception that drift problems may have an adverse impact on the 
human habitat (Getsinger, 1999, personal communications). The safety record for aquatic 
herbicides is high. However, public apprehension about the use of these herbicides 
remains strong (Rodgers et al, 1992). Although drift cannot be ruled out, it is unlikely 
that drift will cause significant damage to non-target terrestrial plants except if they are 
contacted directly by undiluted commercial copper-complexes. The activity of liquid 
formulations of commercial copper-complexes may be improved by adding a thickening 
agent to assure that subsurface applications drop lower in the water column where they 
can do the most good or by decreasing drift when the formulation of diquat is applied by 
a spray boom.  

As discussed previously, the toxicity of copper sulfate and many of the commercial 
copper-complexes may be of concern either as a primary toxin or due to secondary 
effects such as decreased dissolved oxygen content, the release of cupric copper from 
dead and dying plants and the release of natural toxins from dead and dying algae and 
microbes (Williams et al, 1982; English et al, 1993; Guo et al, 1992; Hindermarsh, 1993 
and Heresztyn and Nicholson, 1997). However, possible problems could occur with the 
food chain. It is apparent that copper is not biomagnified as it travels up trophic levels in 
the food chain (Mathis and Cummings, 1973; Krumholz and Foster, 1957). However, it is 
apparent from the work of McIntosh and Kevern (1974), Guo et al (1992), Hindermarsh 
(1993) and Severin-Reyssac (1990) that if aquatic invertebrates are significantly reduced 
in numbers, predatory fish will be forced to change their preferred foods. If all of the 
aquatic invertebrates are eliminated from an area, predatory fish will be forced to leave 
the area or they will be reduced to very small numbers (Smith, 1935). However, not all 
authors made these observations. Neururer (1972) and Hussain et al (1996) found that 
concentrations of copper sulfate high enough to control 90% of the aquatic weeds or 
snails did not have a marked impact on other aquatic animals and that the food chain 
remained largely intact. Neururer failed to ascertain how the lack of vegetable food stuffs 
affected algaevoric and herbivoric invertebrates and fish. The numbers, dominant 
organism and diversity of the benthic community were effected by high concentrations of 
copper in the sediment. Bennett and Cubbage (1992) found that the Lake Steilacoom 
benthic community consists only of pollution tolerant species and the taxa density and 
richness was low, which is indicative of a highly stressed population. Similarly, Hanson 
and Stefan (1984) found that when the concentrations of copper in the sediment were 
very high (up to 5,600 ppm), the benthos was practically devoid of organisms. However, 
2 to 9 years after dredging and no subsequent use of copper sulfate, the benthic 
community was quite dense, ranging from 1,145 to 6,128 organisms per square meter. 
Balczon and Pratt (1974) have reported that fairly low concentrations of copper sulfate 
can effect the littoral community and the periphyton community of a lake. The LOEC for 
community structure in periphyton and littoral communities were 0.0302 to 0.0428 and 

Supplemental Environmental Impact Statement Assessments of Aquatic Herbicides: 
DRAFT Volume 6 – Copper, Section 4 – ENVIRONMENTAL EFFECTS 

Vol. 6, Sect. 4 – Page 87 



 

0.0240 to 0.0985 ppm Cu, respectively. The LOEC for community process in these 
communities were 0.0428 to 0.31303 and 0.3047 ppm Cu, respectively (Balczon and 
Pratt, 1994). Although Shaw and Manning (1996) found that treatment with copper 
sulfate affected communities consisting of mayflies, amphipods and notonectids, they 
found that these communities recovered to 95% of their pretreatment population fairly 
rapidly.  
 
Very low levels of copper sulfate contamination affect the biochemistry, physiology, 
immunology, histology and behavior of a variety of fish and invertebrates.  The lower 
concentration of copper sulfate affected the immune response and teratogenesis in 
rainbow trout. After 38 weeks of exposure at 0.0029 ppm Cu, some immune responses in 
this species were affected. Concentrations below 0.001 ppm produced teratogenesis in the 
embryos of rainbow trout (Birge and Black, 1979 in Harrison, 1986). Decreases in the 
plasma levels of glutamate oxaloacetic tranaminase were found in the plasma of brook 
trout after exposure to 0.017 ppm Cu. Respiratory distress and a cough response were 
noted in rainbow trout after exposure to 0.06 ppm Cu (Seller et al, 1975 in Harrison et al, 
1986). Exposure to copper chloride at 0.010 ppm Cu for 144 hours in freshwater (Lorz, 
and McPherson, 1976) increased the mortality rate when these salmon were exposed to 
seawater containing no copper chloride. The same authors also found that as little as 
0.005 ppm Cu exposure for up to 170 days could disrupt downstream migration of Coho 
salmon. Similar effects were found in Atlantic salmon where runs were blocked by 0.038 
ppm Cu and similar concentrations reduced the effectiveness of home-stream water as an 
attractant (Sutterlin and Gray, 1973 and Geckler et al, 1976 in Klaprat, 1992).  The 
haematocrit, blood glucose, lactate dehydrogenase, hydrobutyric dehydrogenase, 
glutamate-pyruvate transaminase, and glutamate-oxaloacetate transaminase increased in 
rainbow trout exposed to 0.5 ppm copper sulfate; this was accompanied by 
histopathological damage (Williams and Wooten, 1981). Very low levels of copper 
sulfate (0.050 ppm) damaged the nasal olfactory receptor neurons in rainbow trout after 
only 3 hours of exposure (Starcevic and Zielinski, 1997). Low levels of copper (0.18 
ppm) damaged the gills of the winter flounder after 700 hours of exposure by 
transforming mucous cells into chloride cells (Baker, 1969). Similar concentrations of 
copper sulfate damaged the gills of the common carp after only 14 days of exposure 
(Karan et al, 1998). Avoidance behavior was seen in rainbow trout, white sucker, 
Japanese eel, Atlantic salmon, goldfish and the mayfly (Ephemerella). These avoidance 
responses occurred at very low concentrations in the rainbow trout (0.0001 ppm), the 
Japanese eel (0.001 ppm) and Atlantic salmon (0.004 to 0.005 ppm) but could occur at 
much higher concentrations in goldfish (0.025 to 10 ppm) and 0.1 ppm in Ephemerella 
(Zhu, 1990; Folmar, 1978 and Folmar, 1976). An avoidance response is only of value to 
an organism if it is significantly below levels that cause acute toxicity, which seems to be 
the case for rainbow trout, Atlantic salmon and Japanese eel. 
 
Due to the mode of action (inhibition of photosynthesis) copper sulfate and the 
commercial copper-complexes can take from several days, in the case of algae, to several 
weeks, in the case of some aquatic macrophytes, to work effectively. Much lower 
concentrations than the maximum-labeled concentrations of copper products may be 
effective in controlling algae. For example, although the maximum recommended 
treatment concentration for all of the products is 1.0 ppm Cu, diatoms may generally be 
controlled with 0.12 to 0.2 ppm copper sulfate pentahydrate (0.03 to 0.05 ppm Cu). Even 
the most resistant species do not generally require more than 0.5 ppm copper sulfate 
pentahydrate (0.125 ppm Cu) for control to be effective. Green and blue-green algae 
usually require similar concentrations of copper sulfate for control. However, some 
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species of blue-green algae become resistant to copper sulfate, and may dominate the 
water body since competition has been removed by treatment with copper sulfate 
(Hanson and Stefan, 1984). Generally speaking, when the commercial copper-complexes 
are used to control Hydrilla verticillata or other aquatic macrophytes, the maximum 
recommended use rate is 1.0 ppm Cu and it is recommended that they be used in concert 
with another herbicide with the most typical tank-mix partner being diquat. However, 
endothall and Sonar® are also labeled as a tank-mix partner for Komeen®, and Sonar® is 
labeled as a tank-mix partner for Nautique™. It is indicated in the K-Tea™ label that 
Komeen® or diquat be mixed with K-Tea™, when Hydrilla verticillata is the target 
species and even light infestation of algae are present.  Each product that contains copper 
has a different spectrum of algae and/or weed control and a full understanding of the 
label is necessary before a particular copper product is used to control algae and/or 
aquatic macrophytes.  
 
Bacteria or other microbes found in the environment do not degrade the copper in copper 
products. However, K-Tea™ and Komeen®, which are copper-complexes of TEA and 
EDA, respectively, are known to be have their complexing agents degraded by microbes 
found in aerobic aquatic conditions (Spare, 1996). EDA is degraded into natural products 
(53% to 65%) within 6 to 30 days and TEA is transformed to carbon dioxide (40% of the 
applied dose) after 30 days with DEA and MEA seen as intermediates prior to the 
production of carbon dioxide. Presumably, as copper is released from the complex it is 
inactivated by both organic and inorganic ligands and is eventually adsorbed more or less 
irreversibly to the sediment (Reinert and Rodgers, 1987 and Demayo et al, 1982). 
Copper- resistant bacteria and other microbes such as certain strains of Pseudomonas 
fluorescens, Escherichia coli, Xanthonomus campestris, Pseudomonas syringae and 
Candita glabrata may be important in aquatic environments treated with both copper-
containing algaecides and/or herbicides and other aquatic herbicides (Voloudakis et al, 
1993, Yang et al, 1996 and Mehra et al, 1992). These resistant microbes may be 
important in degrading the organic herbicides like 2,4-D, endothall, diquat and triclopyr. 
It is also likely that some of the microbes that are known to degrade the herbicides 
(endothall, 2,4-D, diquat and triclopyr) discussed in the other volumes of this document 
will also have copper resistant strains. These microbes would be important in protecting 
the environment from the accumulation of these products particularly at the sediment 
water interface.  
 
Animals, plants and microbes cannot directly metabolize copper.  However, several 
mechanisms are known to detoxifying copper. Copper may be conjugated by thionein or 
proteins to form non-toxic metallothionein or metalloproteins. Copper may also be 
conjugated with glutathione to form a non-toxic metabolite. Furthermore, other sulfur-
containing amino acids and proteins may conjugate with copper to inactivate it. These are 
well known mechanisms in some bacteria, fish and insects like Chironomus tentans. 
After these conjugates are formed they may be stored in the liver of fish or the 
hepatopancreas in invertebrates and later excreted. However, in many species this 
excretion process may take a very long time (Harrison, 1986; Suedel et al, 1986; Bennett 
and Cubbage, 1992; Harrison, 1985; Starcevic and Zielinski, 1997; Mehra et al, 1992; 
Silva and Qasim, 1979). Storage of copper in the liver is a well known process in fish and 
while it affords some protection, fish that have stored copper in their liver may not grow 
as well as those that have not (Griffin et al, 1997; Majewski et al, 1978 and Perkins et al, 
1997). 
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In terrestrial animals, the concentration of copper in fat free tissue is generally low. The 
concentration of copper in the edible fat free tissue (muscle) of pigs ranges from 2.5 to 
3.2 ppm while this concentration in the edible fat free tissue (muscle) of rabbits ranges 
from 1.5 to 4.0 ppm. Usually the highest concentrations of copper in animal tissues are 
found in the heart, liver, spleen, lung and aorta. Concentrations tend to decrease from 
birth to maturity. Normal liver copper concentrations range from 100 to 400 ppm in 
sheep, cattle, and ducks while normal liver copper concentrations range from 10 to 50 
ppm in rabbit, cats, dogs, pigs, domestic fowl and turkeys. Copper concentrations in 
sheep livers have been found as high as 1,600 to 3,000 ppm in a few cases. Such high 
concentrations may be hazardous to human health. However, feeding rates in excess of 4 
mg Cu/Kg body weight would be necessary. A 100 pound sheep would have to consume 
approximately 20 liters of water containing 10 ppm copper to accumulate a liver dosage 
high enough to cause toxicity in human beings that might eat sheep liver. A more detailed 
discussion of residues in chickens and cattle can be found in Section 4.2.2.4.  

  
4.3.1 Effects and Selectivity on Aquatic Plants 
 

Summary: Copper sulfate is toxic to almost all algae and macrophytes that have been 
tested when applied at the maximum use rate of 1.0 ppm Cu. Almost all species of algae 
and some aquatic vascular plants are effected by concentrations of copper sulfate that 
are less than this initial concentration. According to Maloney and Palmer (1956), this 
concentration completely inhibits the growth of many species of blue-green algae, green 
algae and diatoms. Typical concentrations that inhibit algal growth range from 0.0625 
ppm Cu for Microcystis aeruginosa (blue-green algae and Nitzschia palea (diatom) to 0.5 
ppm Cu for Chlamydomonas communis (green algae), Chlorococcum botryoides (green 
algae), Coelastrum proboscideum (green algae), Mesotaenium caldariorum (green 
algae), Oocystis lacustris (green algae) and Scenedesmus basilensis (green algae). 
Concentrations of 0.5 ppm copper sulfate will control practically all species of algae 
(Smith, 1935) but effective concentrations vary with species. However, this copper sulfate 
concentration is toxic to zooplankton and fish both in the laboratory and in the field. The 
state of Maine has determined that the use of copper sulfate products at labeled rates 
presents a hazard, as sediment copper may be accumulated by benthic organisms and 
these products may be lethal to fish at concentrations ranging from 0.002 to 2,000 ppm. 
Furthermore, the toxicity of copper sulfate is unpredictable. The toxicity of copper sulfate 
at a single concentration will vary in different water bodies due to differences in pH, 
hardness, alkalinity, chelation capacity, type and amount of bed sediment and suspended 
sediment and water flow rate (Brown, 1974). Although fish survive concentrations that 
are higher [1.0 ppm Cu (Gangstad, 1978)], they often do not survive treatment rates of 
0.25 ppm Cu (Whitaker et al, 1978, de Zambrane, 1979). Although 0.5 ppm copper 
sulfate controls most algal species, it has no apparent effects on most rooted submerged 
and emergent vegetation (Smith, 1935). However, the Triangle Brand® Copper Sulfate 
Crystal label claims that Potamogeton pondweeds may be controlled in irrigation canals 
at 0.25 to 0.5 lbs/hour for each cubic foot per second flow for 12 hours of each 24 hours. 
However, it is recommended that this treatment be continued throughout the irrigation 
season. According to Gangstad (1986), control of pondweeds in flowing water will not be 
achieved unless the treatment rate is 1.6 to 2.4 lbs/ft3/second/day, which amounts to a 
continuous concentration in flowing water of 0.07 to 0.11 ppm. Less material may be 
effective in controlling filamentous green algae, pigmented flagellates and diatoms within 
irrigation canals. Both the label and Gangstad (1986) indicate that these algae may be 
controlled in flowing water with 0.1 to 0.2 lbs/hour/foot3/second of flow for 12 of each 24 
hours which yields a treatment rate of 0.005 to 0.01 ppm. In irrigation canals it is 
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unlikely that concentrations of copper sulfate that reach a maximum of 0.2 ppm Cu will 
adversely impact fish (yellow perch minnow, carp and trout or invertebrates like crayfish, 
mayfly and midge larvae). Copper sulfate at continuous concentrations or up to 0.005 
ppm did not adversely affect rainbow trout that have escaped into concrete lined 
channels (Gangstad, 1986). Although copper sulfate adversely impacted some aquatic 
macrophytes at concentrations ranging from 0.228 ppm Cu for Lemna trisulca to 0.40 
ppm Cu for Hydrilla verticillata to 0.64 ppm or Vallisnaria spiralis (Table 13), Brown 
(1935) found that copper sulfate concentrations up to 0.5 ppm do not adversely impact 
most aquatic macrophytes.  
 
The commercial copper-complexes may be more effective in controlling algal species and 
are also labeled for the control of certain aquatic macrophytes since they may be 
considered slow release products and persist in the water column for longer periods of 
time. The commercial copper-complexes also have additional advantages over copper 
sulfate since they have less tendency to be chelated and precipitated at high pH and 
alkalinity and are somewhat more water-soluble. As with copper sulfate, the commercial 
copper-complexes have a maximum use rate of 1.0 ppm. Cutrine® Plus adversely 
impacts several algal species at concentrations of <0.1 ppm Cu. For example, the EC40 
to 60 of Cutrine® was 0.045 to 0.09, 0.09, 0.045 and 0.09 to 0.18 ppm Cu, respectively, 
for Microcystis aeruginosa, Anabaena spiroides, Peridinium inconspicuum and Spirogyra 
sp. (Patnaik, 1980). According to the label, concentrations of 0.2, 0.2 and 0.4 ppm, 
respectively should control planktonic algae, filamentous (mat forming) algae and 
Chara/Nitella. The label claims that concentrations of 0.4 to 1.0 ppm Cu, Cutrine® plus 
should control Hydrilla verticillata; and the amount of Cutrine® necessary to control this 
species varies depending upon stage of growth, and density of growth. Cutrine® is often 
used in combination with diquat at concentrations of 0.093 ppm Cu of Cutrine® plus 
0.245 ppm c.e. of diquat. At this concentration, Hydrilla will certainly be controlled. 
However, while diquat is generally safe at this concentration to most fish and 
invertebrates, Cutrine® may be toxic to more sensitive species like striped bass (LC50 = 
0.01 ppm Cu for sac-fry and 0.1 ppm for fingerlings) and rainbow trout [LC50 = 0.03 
ppm Cu in soft water and 4.0 ppm Cu in hard water (Table 18)]. No margin of safety 
would be provided for many sensitive fish species like fathead minnow (LC50 = 0.21 ppm 
Cu) and brown trout (LC50 = 0.198 ppm Cu). Most other species of fish that have been 
tested are not highly susceptible to the acute effects of Cutrine® with the most susceptible 
species having an LC50 of 2.5 ppm Cu. With the exception of the salmonids and striped 
bass, Cutrine® should not be acutely harmful at the maximum-labeled use rate of 1.0 
ppm Cu, particularly if it is used as a restricted use herbicide. The similar formulation 
called Copper Control® has similar effects on most tested species. However, it is 
noteworthy that even the very tolerant channel catfish may be adversely impacted by 
Cutrine® or Copper Control® at low hardness and/or low alkalinity (LC50 = 0.051 ppm 
at 16 ppm hardness and 16 ppm alkalinity). The tested species of invertebrates (Table 19) 
are not acutely susceptible to Cutrine®, with LC50s ranging from 9.9 to 156 ppm Cu. 
Uses of Cutrine® plus diquat at higher (2.2 ppm plus 3.0 ppm) than the maximum use 
rate may result in high fish mortality in the field (Daniel, 1972). Komeen® has adversely 
impacted Hydrilla verticillata at concentrations as low as 0.2 to 0.5 ppm Cu. Field 
studies indicate that Komeen® controls Hydrilla verticillata at 1 ppm for up to 4 weeks at 
the 95% level with 90% dropout (from the water column to the sediment bed) after 5 
days. This product has also been effective in controlling Brazilian elodea (Egeria densa) 
in Lake Martin, Louisiana (Myers and Stoner, 1974). In general, Komeen® has low acute 
toxicity to a variety of fish with LC50s ranging from 5.4 ppm Cu to golden shiner in soft 
water to 496 ppm Cu in white perch in hard water. However, some tests indicate that the 
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toxicity of Komeen® to rainbow trout can be fairly high (LC50 = 0.076 [ppm in soft 
water and 4.6 to 46 ppm in hard water). Although potential toxicity to the more sensitive 
species has been seen with Komeen®, field treatment in the Guntersville Reservoir with 
Komeen® plus diquat at 0.3 plus 0.3 ppm or 0.4 plus 0.4 ppm did not adversely effect fish 
or gastropods (Rodgers et al, 1992 and Bain and Boltz, 1992). Very little work has been 
done with K-Tea™. However, in the laboratory K-Tea™ plus diquat at 0.5 ppm Cu plus 
0.2 ppm controlled Hydrilla at the 90% to 95% level for 4 weeks while K-Tea™ alone at 
0.4 ppm cu only controlled this species at the 40% level. Field treatments with K-Tea™ 
plus diquat at 4 gallons formulation plus 2 gallons formulation were not effective in 
controlling Hydrilla verticillata; this should produce K-Tea™ plus diquat concentrations 
in the water column of ~0.2 ppm Cu and ~0.2 ppm c.e. diquat, assuming it is applied to 6 
feet of water. It is not anticipated that these concentrations of K-Tea™ or diquat will 
adversely impact most species of fish. However, it is likely that K-Tea™ will impact 
rainbow trout and other salmonids adversely at this concentration [LC50 = ~0.03 ppm 
Cu (Myers and Stoner, 1974 and Table 18)].  
 
Long term treatment with copper sulfate may lead to certain problems with both numbers 
and diversity of algae and aquatic macrophytes. For example, treatment of a lake in 
Illinois once per week for 17 years during the summer season eventually resulted in a 
lake that was devoid of aquatic macrophytes and did not have algal blooms (Hasler, 
1947 in Hanson and Stefan, 1984). Great concern has been expressed that tolerant, but 
less desirable species of algae may replace more desirable species. For example, in the 
Fairmont Lakes, blue-green algae species like Aphanizomenon, Anabaena, Anacystis 
and Microcystis that were a minor component prior to 1964 became the dominant 
species and remained dominant until 1982 when copper sulfate treatments were largely 
discontinued. In other water bodies, other species of algae became dominant after 
treatment with copper sulfate. For example, when a microcosm was treated with 2.0 ppm 
Cu as copper sulfate, Oocystis and Ankistrodesmus rapidly dominated the water column 
and were able to out-compete the blue-green algae which grow more rapidly at lower 
concentrations of copper sulfate (Taub et al, 1986). In Eutrophic prairie pothole lakes in 
Manitoba, treatment with concentrations of copper sulfate as low as 0.025to 0.325 ppm 
allowed chlorophytes, diatoms and chyrsophytes to dominate the algal community 60% of 
the time. However, cyanophytes like Microcystis dominated the water body 40% of the 
time after treatment (Whitaker et al, 1978). In Nile River water, laboratory experiments 
indicate that the number of algal species was greatly reduced after copper sulfate 
treatment. Chlorella, Pediastrum and Scenedesmus species were resistant to copper 
sulfate while Fragilaria, Anabaena, Microcysis and Selenastrum were susceptible. 
Treatment of the Mill Pond Reservoir in Massachusetts with copper sulfate controlled 
90% of Ceratium hirundella, which was rapidly replaced by Nannochloris sp. or 
Ourococcus sp. (McKnight, 1981). Control of algae and species dominance appears to be 
fairly complicated and certainly involves water quality, treatment rate and the genetics of 
the algal species and strains present.  

 
The various copper products have a wide spectrum of activity. Copper sulfate, K-Tea™, 
Captain™, Cutrine® and Clearigate® have strong activity against many algal species. 
Komeen® and Nautique™ are used primarily for controlling and suppressing certain 
aquatic vascular plants. However, K-Tea™, Captain, and Cutrine®-Plus are often used in 
combinations with other herbicides (particularly diquat) for the control of Hydrilla 
verticillata and Clearigate® is also used to control a number of submersed and floating 
plants including Egeria densa, Elodea canadensis, Hydrilla verticillata, Myriophyllum 
spp. Najas sp. Potamogeton spp., Lemna spp. and Eichhornia crassipes. In other words, 
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these products can be very specific in the weed and algal spectrum that they control. 
Because the mode of action against algae and plants is inhibition of photosynthesis, many 
of the copper products like Clearigate® will have a very broad spectrum of weed and 
algal control. Copper sulfate is not generally used in public waterways and is most 
usually used in water impounds where there is little inflow or outflow from the treated 
water body. However, the commercial copper-complexes are more often used in public 
water bodies primarily due to their reduced toxicity to most species of fish. However, 
more sensitive fish like salmonids, striped bass and koi may be harmed or killed by the 
use of these products at labeled treatment rates. Death may be caused by the direct toxic 
action of the cupric copper which is known to cause respiratory distress and inhibit DNA 
synthesis in fish or by decreasing the concentrations of dissolved oxygen if an entire 
water body is treated at one time or the temperature is particularly high. All fish are 
subject to asphyxiation, but cold water fish like salmonids, are more susceptible to these 
effects than warm water fish like sunfish and largemouth bass. A wide variety of algae 
are controlled by copper sulfate, and many of the commercial copper-complexes 
including K-Tea™, Cutrine®, Captain™ and Clearigate®. Although Komeen® and 
Nautique™ are labeled for the control and suppression of a wide variety of aquatic 
vascular plants, the most typical use is probably for the control of Hydrilla verticillata 
and Myriophyllum spicatum (Labels; Meyers and Stoner, 1974; Bain and Boltz, 1992 and 
Rodgers et al, 1992). The concentrations of various copper products used to control algae 
and aquatic vascular plants are listed in Table 11. However, as described previously, most 
species of algae can be controlled by copper sulfate at 0.5 ppm [0.125 ppm Cu (Smith, 
1935 and Hanson and Stefan, 1984)]. The target species of vascular plants (primarily 
Hydrilla verticillata) are controlled by the commercial copper-complexes at 
concentrations that typically range from 0.5 to 1.0 ppm Cu (Myers and Stoner, 1974; 
Gangstad, 1978 and Hodson et al, 1984). Diquat is often mixed with one of the 
commercial copper-complexes at 50% or more of the total active ingredient in order to 
control Hydrilla verticillata. The aquatic macrophytes currently of greatest concern in the 
Northern Tier of States (including Washington) are Myriophyllum spicatum (Eurasian 
watermilfoil), Potamogeton crispus (curlyleaf pondweed), Egeria spp. (Brazilian elodea), 
Monoesius hydrilla, Spartina alterniflora (smooth cordgrass), Lythrum salicaria (purple 
loosestrife), Phragmites australis (common reed), Nuphar spp. and Nymphaea spp. 
(water lilies) and Trapa natans (water chestnut). Of these, only Eurasian watermilfoil and 
curlyleaf pondweed, Brazilian elodea and possibly Monesius hydrilla (a triploid and 
asexual form of Hydrilla verticillata) will be controlled by commercial copper-
complexes. For example, Komeen® is labeled for the suppression of Brazilian Elodea 
and Eurasian water milfoil. Clearigate® is labeled for the control of Egeria densa, and 
Eurasian water milfoil and curly leaf pondweed. Nautique® is labeled for the control of 
Brazilian elodea and Eurasian water milfoil and although it is unclear, copper sulfate may 
be effective in controlling leafy pondweed and sago pondweed in flowing water. All of 
the liquid commercial copper-complexes are labeled for control of Hydrilla verticillata 
 
In the state of Washington, Sylvia Lake and Lake Steilacoom have been routinely treated 
with copper sulfate for the control of various alga species. It is not entirely clear what 
rates were used in Lake Steilacoom. However, since it has been treated for over 25 years, 
we can assume that it has been treated at various rates. However, recently copper has 
been used at 2.2 pounds per acre-foot, which would result an initial concentration of 
0.821 ppm copper sulfate [0.205 ppm Cu (Resource Management, Inc., 1999)]. 
Treatment of the Sylvia Lake site was at 0.5 ppm Cu as copper sulfate in the southern 
two-thirds of the lake. After complete mixing this will result in a whole lake 
concentration of 0.062 ppm Cu (Serdar, 1995). Recent work by Whitaker et al (1978) 
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indicates that 0.025 to 0.325 ppm Cu should control Aphanizomenon flos-aquae in 
eutrophic lakes; complete control of this species could be obtained at 0.04 ppm Cu. 
Therefore, it is likely that a concentration of 0.205 to 0.5 ppm Cu will control blue-green 
algae species in Lake Steilacoom and Sylvia Lake. Aphanizomenon flos-aquae is one of 
the more difficult species to control at most aquatic herbicide use sites. Many years ago, 
Smith (1935) concluded that treatment with 0.5 ppm copper sulfate would adequately 
control most species of algae. However, most species of fish and aquatic invertebrates 
would be adversely impacted by this concentration. More recently, Whitaker et al (1978) 
found that concentrations of 0.25 ppm Cu would largely eliminate rainbow trout from 
prairie pothole lakes used for fish farming. Another aquatic site that has been extensively 
treated with copper sulfate is the Fairmont Lakes in Minnesota. Between 1927 and 1982, 
the Fairmont lakes were treated from 3 to 5 times per season at rates of 0.13 to 0.9 ppm 
copper sulfate (0.033 to 0.23 ppm Cu) but by 1972, only 1 in 10 treatments was effective 
in adequately controlling pest algae species. By 1964, blue-green algae like 
Aphanizomenon, Anabaena, Anacystis and Microcystis dominated the water column after 
treatment with copper sulfate (Hanson and Stefan, 1984). After treatment for many years 
with copper sulfate at other sites, treatment would result in temporary control of algae 
followed rapidly by dominance of the water column with the most tolerant or resistant 
indigenous species. Water quality had a great impact on whether algae were controlled.  
For example, 0.025 ppm Cu controls most species of algae in clear water lakes in 
Denmark (Nielsen and Laursen, 1976). However, in brown water lakes, algae were not 
controlled due to complexing of the Cu2+ cation to humus. Other factors that affected 
degree of control included taxonomic composition, phytoplankton numbers, and pH. 
Others lakes or microcosms were dominated by the green algae (Oocystis and 
Ankistrodesmus) when treated with 2.0 ppm Cu as copper sulfate. At these 
concentrations, the green algae were able to grow faster than the blue-green algae while 
at concentrations below 2.0 ppm, the green algae could not effectively compete against 
blue-green algae species (Taub et al, 1986). In eutrophic prairie lakes in Manitoba 
(Canada), treatments with 0.025 to 0.325 ppm completely eliminated the target species, 
Aphanizomenon flos-aquae and as algae re-established itself, there was a change in 
dominate species in various lakes with chlorophytes, chrysophytes and diatoms 
dominating 3 of the treated lakes and cyanophytes like Microcystis sp. dominating 2 of 
the treated lakes (Whitaker et al, 1978). Similar phenomena were seen in the Mill Pond 
Reservoir in Massachusetts, and laboratory systems using water from the Nile River (Issa 
and Ahmed, 1994 and McKnight, 1981). It is particularly alarming when blue-green 
algae dominate a water body after treatment with copper sulfate because these species 
produce toxic substances like aphantoxin and nodularin. They can also produce chemicals 
that cause the water and fish used as food to taste and smell bad like geosmin and MIB 
(Heresztyn and Nicholson, 1997; English et al, 1993; Hindermarsh, 1993 and Van der 
Ploeg, 1991).  
 
Komeen® controls an important species of vascular plant (Hydrilla verticillata) at field 
concentrations of 0.5 to 1.0 ppm Cu. This is not surprising since the laboratory EC80-85 
is 0.5 ppm Cu in replicated jar tests (Myers and Stoner, 1974). Komeen® is also effective 
against Brazilian elodea in Lake Martin, Louisiana. Myers and Stoner also found that K-
Tea™ plus diquat or Cutrine® plus diquat at 4 gallons plus 2 gallons per acre in 6 feet of 
water (0.2 plus 0.2 ppm) is not effective in controlling Hydrilla verticillata. However, 
Simonin and Skea (1977) have found that 1 gallon/acre of formulated Cutrine® plus 1 
gallon of formulated diquat/acre achieved a concentration 0.093 plus 0.245 ppm in three 
feet of water and 0.28 ppm plus 0.735 ppm in one foot of water. These concentrations 
will control Hydrilla verticillata and perhaps other species of aquatic vascular plants. 
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However, such concentrations of Cutrine® would be toxic to salmonids and striped bass 
or provide an inadequate margin of safety. Application of 0.1 gallon of formulated 
Cutrine® per acre (0.0093 to 0.028 ppm Cu) plus 0.9 gallon of formulated diquat per acre 
(0.22 to 0.66 ppm c.e.), while sparing most sensitive fish species, may not control aquatic 
vascular plants.  
 

 4.3.1.1 Acute Effects on Aquatic Plants 

The indicator species for aquatic toxicity in aquatic vascular plants and algae are Lemna 
gibba (duckweed, aquatic macrophyte), Anabaena flos-aquae (blue-green algae), 
Selenastrum capricornutum (green algae), Navicula pelicullosa (fresh water diatom) and 
Skeletonema costatum (marine diatom) (Tables 2 and 13). However, only a few of these 
species or related species have had the effects of copper sulfate on them reported in the 
public literature. For example, 75% growth inhibition when exposed to 0.2 ppm Cu has 
been reported for Anabaena flos-aquae by Young and Lisk (1972 in ACP, 1999). For 
Selenastrum capricornutum, an EC50 of 0.085 ppm Cu has been noted for copper sulfate 
or other inorganic copper salts (Christensen et al, 1979 in Harrison, 1986). The toxicity of 
copper salts for other green algae species ranges from an EC50 of 0.070 ppm Cu in 
Chlorella stigmatophora (Rachlin et al, 1982 in ACP, 1999) to 0.550 ppm Cu for 
Chlorella sacchrophila (Christensen et al, 1979 in Harrison et al, 1986). A species of 
diatom (Navicula incerta) related to Navicula pelicullosa appears to be tolerant to copper 
(4-day EC50 = 10.45 ppm Cu) (Rachlin et al, 1983 in ACP, 1999). Other species of 
freshwater diatom appear to be much more susceptible to copper sulfate. For example, 
Nitzschia linearis has a 5-day EC50 to copper around 0.8 ppm Cu (ANS, 1960 and 
Patrick et al, 1968 in ACP, 1999). Nitzschia palea ceases growth when exposed to 0.0625 
to 0.25 ppm Cu as copper sulfate pentahydrate; Gomphonema parvulum ceases growth 
when exposed to similar concentrations of copper sulfate pentahydrate (Maloney and 
Palmer, 1956). The 14-day EC50 for inorganic copper salts is 0.050 ppm Cu for the 
marine Diatom [Skeletonema costatum (Erickson et al, 1970 in ACP)]. The EC50 of 
inorganic copper salts to other marine and estuarine algae varies from ~0.005 ppm Cu for 
Scrippsiella faeroense and Thalassiosira pseudonana to 0.020 ppm Cu for Gymnodinium 
splendens and 0.033 ppm Cu for Nitzschia closterium (ACP, 1999 and EPA working 
group, 1980). The toxicity of copper sulfate and other inorganic copper salts to other 
algal species have been reported in Table 13. Most of these algae are adversely impacted 
at copper concentrations that range from 0.005 ppm Cu to over 10 ppm. Some of these 
species like Chlamydomonas sp., Cyclotella meneghiana Scenedesmus quadricauda, 
Scenedesmus obliquus, Calothirx brunii, Symploca erecta, Ankistrodesmus falcatus 
acicularis (which do not appear to be adversely impacted at concentrations that range 
from 2.0 to 8.0 ppm Cu as inorganic copper salt of copper sulfate) are unlikely to be 
affected at standard treatment rates (0.125 to 0.5 ppm Cu). However, it has been known 
for many years that 0.5 ppm copper sulfate (0.125 ppm Cu) will control most commonly 
encountered species of algae (Brown, 1935). It is apparent that copper may be at high 
enough concentrations in untreated marine and estuarine environments to adversely 
impact growth of algae found in these environments even without treatment with copper 
sulfate or other inorganic copper salts (Sunda and Guillard, 1976). Copper sulfate and 
other inorganic copper salts were tested on many other species of algae and a wide 
variety of surrogate macrophyte species including Lemna trisulca (duckweed), Hydrilla 
verticillata (hydrilla), Vallisnaria spiralis (vallisnaria), and Spirodela polyrhiza (giant 
duckweed).  Copper sulfate affects Lemna trisulca at concentrations as low as 0.228 ppm 
Cu and has high as 3.495 ppm Cu when the media of the more susceptible case contained 
low levels of EDTA (9μM) and the media of the less susceptible case contained high 
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levels of EDTA (81μM). Similar observations were made with giant duckweed where 
copper sulfate had an EC50 0.286 ppm Cu when the media contained low levels of 
EDTA (6.7μM) and the EC50 was 19.7 ppm Cu when the media contained high levels of 
EDTA (403μM). Hydrilla is also susceptible to copper sulfate in the laboratory with 0.40 
ppm Cu as copper sulfate causing a 23% reduction in growth and mixtures of copper 
sulfate and diquat at 0.5 ppm Cu plus 0.2 ppm c.e. of diquat causing a 77% reduction in 
growth. Copper chloride (CuCl2) causes premature aging when Potamogeton pectinatus 
(sago pondweed), Vallisnaria spiralis or Hydrilla verticillata are exposed to 6.4, 0.64 or 
640 ppm Cu, respectively. Obviously, plants that respond to concentrations of copper 
sulfate or inorganic copper salts at concentrations that are much higher than the labeled 
treatment rates of 0.0625 to 0.5 ppm Cu are not likely to be affected in the field by 
treatments with copper sulfate pentahydrate. It seems unlikely that sago pondweed and 
Hydrilla verticillata would be adversely impacted when treated with copper sulfate or 
other inorganic copper salt at concentrations that would typically control algae (0.0625 to 
0.5 ppm Cu ppm). However, other species that have been tested with inorganic copper 
salts like Lemna trisulca (duckweed) and Spirodela polyrhiza (giant duckweed) may be 
affected at concentrations of copper sulfate typically used to control algal species. It has 
also been known for many years that treatment with concentrations of 0.5 ppm copper 
sulfate (0.125 ppm Cu) does not typically harm most rooted aquatic macrophytes (Brown, 
1935), and continuous exposure during the irrigation season (at least 12 hours per day) of 
0.05 to 0.1 ppm Cu as copper sulfate pentahydrate is necessary to control pondweeds 
[Potamogeton spp. (Gangstad, 1986)].  
 
Extensive published data does not appear to be available on the toxicity to the 
commercial copper -complexes against target species of algae (Table 13). However, 
Patnaik (1980) has found that concentrations as low as 0.045 to 0.09 ppm Cu as Cutrine® 
inhibit the growth of the blue-green algae (Microcystis aeruginosa, and Anaebaena 
spiroides) by 50% to 60% after 6 days of exposure. Similar concentrations of Cutrine® 
inhibit the growth of the diatom (Perdinium inconspicuum), and 0.09 to 0.18 ppm cu as 
Cutrine® inhibits the growth of the green algae (Spirogyra sp.) by 40% to 50% after 6 
weeks of exposure. Typical treatments with Cutrine®-Plus for algal control range from 
0.2 to 0.4 ppm Cu, and since algal toxicity tests are static, it seems likely that the tested 
species will be adversely impacted by such treatments. Hydrilla verticillata is the only 
aquatic macrophyte for which there is a reasonable amount of data concerning the toxic 
effects of the commercial copper-complexes. Komeen® and K–Tea™ inhibit the growth 
of Hydrilla at the 40% to 55% level when exposed for 4 weeks to 0.2 to 0.4 ppm Cu, 
respectively. The addition of diquat at 0.2 ppm c.e, appears to increase the toxicity of K-
Tea™ against Hydrilla. Under these conditions 0.5 ppm Cu as K-Tea™ plus 0.2 ppm c.e 
as diquat inhibits the growth of hydrilla by 90% to 95 % after an exposure period of 4 
weeks (Myers and Stoner, 1974). It is not entirely clear if the data from Simonin and 
Skea (1977) is backed by both laboratory and in field toxicity data, but they claim that 
Cutrine® plus diquat is effective at 0.093 ppm Cu as Cutrine® plus 0.245 ppm c.e. as 
diquat.  
 
Because algae and plants are the intended targets of aquatic herbicides containing copper 
sulfate or the commercial copper-complexes, a risk assessment would not usually be 
conducted to determine the safety of these products on algae and aquatic plants. A 
realistic level of concern may be used for aquatic plants since even a reduction in growth 
of 50% will leave a significant amount of forage and habitat (refuge). However, except 
for the species discussed above, which are not susceptible to the effects of copper sulfate 
or the commercial copper-complexes, freshwater macrophytes and algae can be adversely 
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affected by copper sulfate or the commercial copper-complexes either alone or mixed 
with diquat since the concentrations of copper herbicide (that they would be exposed to) 
could be expected to reduce growth by more than 50% in many cases. Since algae species 
can be an important element of the food chain (Goldman and Horne, 1983), the high-risk 
quotient leads to a level of concern for those species and animals that depend on them for 
food. Aquatic macrophytes are also very susceptible to the effects of copper products 
which means that the risk quotient would be higher than unity (RQ = 2.2 = 0.5 ppm/0.228 
ppm for copper sulfate on Lemna trisulca; RQ = 1.8 = 0.5 ppm /0.286 ppm for copper 
sulfate on Spirodela polyrhiza; RQ (1.0 = 0.5 ppm/0.5 ppm for copper sulfate plus diquat 
on Hydrilla verticillata). Lower concentrations of copper sulfate used to control more 
sensitive algal species (~0.2 ppm Cu) or Potamogeton pondweeds (0.1 ppm Cu) will 
probably not have a serious impact on aquatic macrophytes. Most rooted aquatic 
macrophytes are not affected by concentrations of copper sulfate that are less than 0.5 
ppm, particularly if it is treated with a single dosage that is not continuous (Brown, 1935 
and Gangstad, 1986). Since the 4-day weighted expected environmental concentration (4-
day EEC) will probably be less than 0.27 ppm Cu, only the most susceptible aquatic 
macrophytes would be affected when algae control applications do not exceed 0.5 ppm 
Cu. The commercial copper-complexes may also effect aquatic macropyhtes since the 
maximum use rate for these products is 1.0 ppm Cu. At this rate, the RQ should be 
greater than the level of concern (1.0); RQ = 5.0 = 1.0 ppm/0.2 ppm for Komeen® on 
Hydrilla verticillata; and 1.0 ppm/0.5 ppm or K-Tea™ plus diquat at 0.5 plus 0.2 ppm on 
Hydrilla verticillata. It is not expected that concentrations of these products below 
approximately 0.5 ppm Cu will adversely impact most rooted aquatic macrophytes, 
particularly if the product is applied late in the season when the density of the plants is 
high and their tolerance to the product is also high. Nautique® is expected to have effects 
similar to Komeen® on rooted aquatic macrophytes. It is also expected that the K-Tea™, 
Clearigate® and Captain™ will have effects similar to Cutrine®-Plus on various algal 
species and that Cutrine®, Clearigate® and Captain™ will have effects similar to K-
Tea™ on aquatic macrophytes. Earthtec® should have similar effects as Triangle Brand® 
Copper sulfate Crystal when used at similar dosage rates against algae or pondweed 
species. This is not entirely certain since Nordhausen® acid has been added to the 
Earthtec® product to lessen the tendency of the Cu2+ to precipitate and keep the copper in 
solution in its active cupric form. None of these products should be applied when the 
alkalinity of a water body is less than 50 ppm. The commercial copper-complexes should 
not be applied to any water body when the pH is less than 6, since the Cu2+ may be 
cleaved from its complexing agent, allowing it to more readily complex with natural 
inorganic and organic complexing agents if the pH is acid to basic (5.0 to 8.5) or allowing 
it to become toxic to many fish species at low pH since the Cu2+ would have more of a 
tendency to remain in solution (Beste, 1983, Masuda and Boyd, 1983). Masuda and Boyd 
(1983) noted that none of the copper-containing herbicides should be toxic to fish if the 
copper concentration does not exceed 1% of the alkalinity.  
 

4.3.1.2 Chronic Effects on Aquatic Plants 
 

Laboratory work to determine the chronic effects of herbicides on algae and aquatic 
plants is currently not conducted for the purposes of registration. However, the typical 
half-life for copper products used for the control of algae and aquatic macrophytes is less 
than 2 days and the water concentration of the applied copper typically reaches 
equilibrium or drops to below the original treatment concentration within 10 days. 
Therefore, chronic effects from a single treatment with a commercial aquatic herbicide 
containing copper sulfate or a copper-complex seems unlikely (Wagemann and Barica, 
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1979; EPA, 1987; and Whitaker et al, 1978). However, continuous or repeated treatments 
with copper products at high concentrations may result in a number of possible problems. 
Repeated or high use rates of copper products may cause the development of resistance or 
tolerance of copper in algal species that were previously controlled. For example, blue-
green algae such as Anabaena, Aphanizomenon, Microcystis and Anacystis in the 
Fairmont Lakes (Minnesota) became resistant to control with copper sulfate by the early 
1970s’ and continued to be resistant to these control measures until 1984 when the use of 
copper sulfate was discontinued (Hanson and Stefan, 1984). Similar problems were noted 
after treatment of microcosms in Duluth with 2.0 ppm Cu as copper sulfate (Taub et al, 
1986) where the green algae (Oocystis and Ankistrodesmus) was able to out-compete 
blue-green algae that were typically tolerant of concentrations of copper sulfate that were 
less than 2.0 ppm. Problems have also been noted when Aphanizomenon flos-aquae 
growth was suppressed and other species such as Microcystis sp. in some cases and 
chlorophytes, diatoms and chrysophytes in other cases were able to dominate the water 
column of eutrophic lakes in Manitoba after treatment with concentrations of copper 
sulfate that were as low as 0.025 and 0.040 ppm Cu (Whitaker et al, 1978). Similar cases 
were seen in the Mill Pond Reservoir in Burlington [Massachusetts (McKnight, 1981)] 
and Nile River water in laboratory experiments (Issa, and Ahmed 1994). Resistant blue-
green algae can present a public health problem due to the production of algal toxins by 
Anabaena sp., Aphanizomenon sp., Oscillatoria sp. and other blue-green algae species. It 
was noted by Hindermarsh (1993) that during the 1991 and 1992 seasons there was a 
world wide problem with blue-green algal blooms. These blooms may cause death of 
farm animals, fish and wildlife due to the production of toxins and anaerobic conditions. 
How much of this problem is due to the development of resistance to copper sulfate and 
how much was due to other environmental effects is not entirely understood. However, 
the loss of copper sulfate as a tool in emergency situations may force the use of other 
methods for the control of algae. Another potential problem with the use of copper sulfate 
over a long period of time may be the formation of aquatic deserts. For example, Hasler 
(1947 in Hanson and Stefan, 1984) noted that the treatment of a lake in Illinois every 
week in the summer for 17 years with copper sulfate caused this lake to become devoid 
of aquatic macrophytes and to lack algal blooms.  

 
4.3.1.3 Potential Impacts of Single Versus Multiple Applications  
 

Studies performed in both the field and laboratory indicate that algal response to a variety 
of copper formulations varies from no effect, to stimulation of growth at low 
concentrations (0.005 to 0.05 ppm c.e.). These concentrations may initially cause a 
decrease in the growth of algae (particularly, blue-green algal species). Concentrations as 
low as 0.005 ppm Cu have decreased nitrogen fixation by 90% to 95% for the duration of 
exposure (9 days). However, as little as 0.010 ppm Cu reduces the ability of the blue-
green algae (Anabaena and Aphanizomenon) to fix nitrogen and this effect appears to be 
permanent in the exposed populations (Horne and Goldman, 1974). A slightly higher 
concentration (0.050 ppm Cu) rapidly reduced the ability of these species to fix nitrogen 
to zero. Photosynthesis was almost completely inhibited in natural algal populations at 
Clear Lake (California) when exposure concentrations were as low as 0.031 to 0.046 ppm 
Cu. It appears that only the nitrogen fixing blue-green algae were inhibited in growth by 
treatment with copper at 0.005 to 0.010 ppm Cu. Populations of green algae (Oocystis) 
and the diatom (Melosira) either increased in numbers or remained similar to the controls 
after treatment with copper during an autumnal bloom in Clear Lake (California). 
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Continued treatment with copper sulfate may result in the development of resistance in 
algal populations. While this may occur with all algal types, it seems to be more common 
with blue-green algal species. This can be especially alarming with the blue-green algal 
species because they often cause problems when they occur in excessive numbers. 
Species like Anabaena sp., Aphanizomenon sp., Nodularia spumigena and Oscillatoria 
sp. may produce natural toxins like aphnatoxin and nodularin or organic material like 
MIB or geosmin that make the water undrinkable and/or unsuitable for beneficial 
utilization by fish, wildlife or livestock (Hindermarsh, 1993). Development of resistance 
by blue-green algae in the Fairmont Lakes (Minnesota) has changed the use rate for 
copper sulfate from 0.13 ppm (0.0325 ppm Cu) to 0.9 ppm (0.225 ppm Cu) between the 
years of 1927 and 1972.  Furthermore, the low concentrations applied in 1927 appeared 
to control algae, and in most cases, not harm basic fish food crustaceans or fish. 
However, by 1972, the concentrations of copper sulfate applied to the lakes were only 
effective in controlling algae in 1 out of 10 treatments and the treatment rates were high 
enough between 1963 and 1972 to produce significant fish-kills.  Examination of the 
benthos in 1962 indicated that it was largely devoid of sediment organisms (Hanson and 
Stefan, 1984). 
 
Laboratory and field results indicate that most algal species are controlled by copper 
sulfate at a concentration of 0.5 ppm and that rooted aquatic macrophytes are generally 
not affected by this concentration (Smith, 1935 and de Zambrane, 1979). However, as 
discussed previously, prolonged treatment with copper sulfate over many years can 
produce an aquatic desert that was devoid of aquatic macrophytes and did not have algal 
blooms (Hasler, 1947 in Hanson and Stefan, 1984). Furthermore, periphyton 
communities are adversely impacted as to structure and function at concentrations of 
0.0302 to 0.0428 ppm Cu and 0.0428 to 0.3203 ppm Cu, respectively. Also, field 
observations indicate that low concentrations of copper sulfate (0.010 to 0.100 ppm Cu) 
stimulate growth of the periphyton community and littoral communities that contain 
macrophytes, sediment and associated organisms (Balczon and Pratt, 1974). This 
stimulation of growth may be due to the fact that copper is an essential nutrient required 
for the proper growth of both plants and animals. 
  
Sorption of copper has also been investigated. Copper appears to be adsorbed extensively 
by many species of algae and macrophytes. Copper accumulated in freshwater algae at 
concentrations of 2,000- to 4,000-fold over the copper concentrations found in the water 
(ACP, 1999). In marine and estuarine algae, the bioconcentration factor for copper was 
somewhat less, ranging from 74-fold over the concentration in water for Chlorella salina 
to 617-fold over the concentration found in water for Heteromastix longifillis (Riley and 
Roth, 1971 in ACP, 1999). Macrophytes may also accumulate copper from treated water. 
For example, when Myriophyllum verticillatum and Elodea canadensis were exposed to 
0.001 to 0.003 ppm Cu, they accumulated 37 and 25 ppm Cu, respectively. When Nuphar 
luteum, Myriophyllum spicatum and Hygroamblystegium sp. were exposed to 0.01 to 0.1 
ppm Cu, they bioaccumulated copper in their tissues at enrichment factors of 78-, 870- 
and 2,800-fold, respectively.  Lemna valdiviana (a floating vascular plant) exposed to 
copper concentrations higher than 0.1 ppm Cu ceased to grow and died within 3 weeks of 
application. When water copper concentrations of 0.01, 0.1and 1.0 ppm Cu were present, 
Lemna valdiviana accumulated copper in their tissues at a concentrations of 138, 465 and 
54,000 ppm Cu (Demayo et al, 1982).  Similar observations were made for leafy 
pondweed and sago pondweed which accumulated copper in their tissues at 
concentrations of up to 4,000 ppm Cu before succumbing to treatment (Hale, 1972 in 
Hanson and Stefan, 1984). Although most species of macrophytes are not affected by 
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copper sulfate, leafy pondweed and sago pondweed which are controlled by copper 
sulfate readily adsorb it. Although this adsorption of copper to algae and macrophytes 
may cause death in planktovoric and herbivoric fish and aquatic invertebrates that eat 
them, there is not strong evidence that copper concentrations are biomagnified as copper 
travels up the food chain (Krumholz and Foster, 1957).  
 
Aggressive aquatic herbicide treatment with Komeen®, Captain™ and Clearigate® may 
create more open water for fish habitat. However, aggressive treatment may eliminate 
areas containing milfoil and other macrophytes that are used by juvenile fish as a refuge 
from predators and as general habitat (Killgore et al, 1987 in Ecology, 1980, and 1989). 
Invertebrates are more abundant on macrophytes other than milfoil, so a community shift 
to other plant species may result in a greater abundance of invertebrates, which would 
provide more food for the grazing planktovoric fish. Therefore, in most cases where an 
adverse effect has occurred on fish food organisms, it has been as a result of anaerobiosis 
rather than loss of habitat (Frank, 1971). All of the labels for copper containing 
algaecides and aquatic herbicides indicate that asphyxiation of fish is likely to occur if 
more than a portion (one-third to one-half) of the water body is treated at one time. For 
example, Daniel (1972) found that treating a microcosm with 2.2 ppm Cutrine® plus 3.0 
ppm diquat killed all of the resident fish population within one day of treatment. This 
may have been due to a combination of factors including low dissolved oxygen 
concentration in both surface and bottom waters. The U.S. EPA (1985) has also 
expressed concern over the issue of oxygen depletion causing fish-kills. They state that, 
“The use of copper sulfate in open bodies of water as an algaecide can indirectly affect 
fish through oxygen depletion or gill clogging by dead organisms. Following application, 
large numbers of bacteria feed on decaying plant matter, produce a scum and deplete the 
oxygen concentration. If this occurs over the entire lake or pond, fish can be killed. 
However, standard procedures suggest that only a portion of a lake (one-third) should be 
treated, thus allowing fish to leave the effected area.” Hanson and Stefan (1984) also 
found extensive fish-kills after treatment of the Fairmont Lakes (Minnesota) with copper 
sulfate in 1963, 1966, 1969, 1970, 1971 and 1972. But it was not clear whether this fish-
kill was caused by the direct toxic effect of copper to fish or secondary effects such as 
decreasing the dissolved oxygen concentration, the secondary release of copper from 
algae or aquatic macrophytes or the release of natural toxins from blue-green algae or 
other microbes. Wisconsin Department of Natural Resources (1990) noted that a whole 
lake treatment in 1961 resulted in a major fish-kill 4 days after treatment due to low 
dissolved oxygen conditions.  
 
Ecology (1992) suggests retaining 20% to 25% of native vegetation as fish-rearing 
habitat in treated areas. This also creates more open water with fewer macrophytes and 
increases habitat for post- and non-breeding adult fish, while at the same time allowing 
for increased invertebrate habitat, which increases the food source for fish. This 
intermediate approach provides improved habitat and food source for juvenile, sub-adult 
and adult fish. 
 
Although these approaches have a large element of common sense behind them, a 
decrease in fish populations, due to lack of sufficient macrophyte habitat, is still primarily 
a hypothesis (Bain and Boltz, 1992; Swingle, 1956 and Swingle, 1950). Swingle (1956 
and 1950) indicated that for the best forage fish to game fish ratio (3:1 to 6:1), there is an 
ideal areal plant cover due to macrophytes and an ideal level of foodstuff filamentous 
algae. However, it was not clear what these ideal levels are and they probably vary 
considerably from pond to pond. However, Ecology (1992) suggested value of 20 % to 
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25% seems to be a reasonable compromise when good experimental data is not available. 
There is good evidence for the need of adequate levels of filamentous algae to support 
vertebrate and invertebrate populations in the field. For example, Narf (1985) has shown 
that treatment with aluminum floc after treatment with copper sulfate resulted in a >90% 
decrease in the soluble reactive phosphate in both the epilimnion and the hypoliminion. 
Such treatment has shifted the total nitrogen:total phosphorous ratio against the growth of 
blue-green algae, which were replaced by diatoms, green algae and colored flagellated 
protozoa. Since rotifers, meroplanktonic Chaoborus punctipennis and benthic 
chironomids feed on these algal species, in preference to blue-green algae, the 
populations of these communities increased dramatically. With the increase of fish food 
organisms like rotifers, glassworms and chironomids, the number of fish, which use them 
as food, may also increase. The effects of plant removal and its impacts on habitat for fish 
and invertebrate animals will be discussed in subsequent chapters.  

 
• Potential impact on numbers 
 

Field studies with both algae and macrophytes indicate that their numbers can be 
strongly affected by the use of copper products at concentrations that are typically 
used in the field. For example, Taub et al (1986) found that treatment of microcosms 
at the University of Washington with copper sulfate at 1.0 to 2.0 ppm could result in 
the population of mixed algal species never increasing to the maximal levels that 
occurred in the control microcosms. Furthermore, treatment of microcosms at the 
EPA Duluth site resulted in the numbers of algae increasing to higher levels in 
treated microcosms than in the untreated microcosms. However, the algal populations 
in the treated microcosms reached their maximum 30 to 50 days after the maximum 
population of algae occurred in the control microcosms. This was attributed to the 
effects of grazing by Daphnia pulex, which kept the populations of algae down in the 
untreated microcosms. However, since Daphnia pulex populations were low in the 
treated microcosms, the algal populations were able to grow rapidly once the 
conditions had become suitable for algal growth. 
 
Whitaker et al (1978) found that treatment of eutrophic prairie lakes in Manitoba at 
concentrations as low as 0.025 to 0.04 ppm Cu as copper sulfate completely 
eliminated the target species (Aphanizomenon flos-aquae) within 4 days of treatment. 
Algal populations generally reappeared but never achieved populations large enough 
to cause adverse impact (summer-kill) on the resident fish populations. 
 
Similarly, McKnight (1981) found that treatment of the Mill Pond Reservoir in 
Burlington (Massachusetts) with copper sulfate decreased the levels of the 
undesirable blue-green algae (Ceratium hirundella) by 90%. Although algal 
populations increased during the season the undesirable blue-green algae was 
replaced by more desirable green algae species like Nannochloris sp. and 
Ourococcus sp., which were more highly tolerant of Cu2+. 
 
In some cases, the presence of algal excretory products decreased the toxicity of 
copper and other heavy metals to the indigenous alga species. Species that commonly 
exude these natural chelating agents that are termed siderophores, schizokinens or 
phytochelatins include Anabaena flos-aquae, Anacystis nidulans, Microcystis 
aeruginosa, and Gleocaspa alpicola, Oscillatoria spp., Planktonema spp., 
Chlamydomonas reinhardtii, Raucvolfia serpetinia, Chlorella fusca, Scenedesmus 
acutifirmis, Silene cucubalus, Datura innoxia and probably others (Demayo et al, 
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1982; Howe and Merchant, 1992; and Clarke et al, 1987). As algal cells lysed, these 
products may be released from the algae inferring further resistance or tolerance on 
the indigenous species and preventing further decreases in the numbers of algae. 
Some of these algal exude organic material like geosmin and MIB, or aphantoxin and 
nodularin which are released by Anabaena circinalis, Oscillatoria, Aphanizomenon 
flos-aquae and Nodularia spumigena may actually be toxic to other species of algae, 
fish and aquatic invertebrates and/or cause taste and odor problems (Sklenar and 
Horne, 1999; Heresztyn and Nicholson, 1997 and Van der Ploeg, 1991). 
 
As with the algae, certain species of aquatic macrophytes may be sensitive to, or 
tolerant of copper sulfate or other copper containing inorganic salts. For example, 
while 0.1 ppm Cu causes severe growth inhibition in Lemna valdiviana grown under 
laboratory conditions, concentrations of 0.116 ppm Cu had no effect on Nuphar 
varigatum and Potamogeton species growing in Indian Lake (Massachusetts). This 
can be due to water quality, which either contains extensive chelating agents or lacks 
them. High levels of chelating agents may also prevent growth inhibition in algae. In 
the laboratory, both natural and synthetic chelating agents chelate copper and prevent 
inhibition of growth. However, it is unclear if the addition of chelating agents to 
natural water bodies would protect algae and macrophytes from the effects of added 
copper, but in most cases there is very little excess chelation capacity in lake samples 
with wide ranges of natural copper concentrations [Demayo et al, 1982; Horne and 
Goldman, 1974 and Allen et al, 1983 (Tables 2 and 8B)].  
 
Treatment of various water bodies with Komeen® plus diquat or Cutrine® plus 
diquat has eliminated certain undesirable species of plants from the Guntersville 
Reservoir (Alabama) or from microcosms in a pond in Franklin (Wisconsin). 
Treatment with Komeen® (0.4 ppm Cu) plus diquat (0.4 ppm c.e.) should effectively 
control Hydrilla verticillata and possibly Myriophyllum spicatum, which may free the 
water body for the growth of various indigenous macrophytes like Najas 
quadalupensis, Najas magnus, indigenous Potamogeton species, Chara zeylandica, 
Ceratophyllum demersusm, Zizaniopsis milacea and Nelumbo lutea. However, in the 
Guntersville Reservoir even the indigenous species may interfere with navigation and 
the production of hydroelectric power. Furthermore, aquatic macrophytes may clog 
industrial and potable water intakes, depreciate water front property values, create 
habitat for the production of mosquitoes, and inhibit fishing, boating, skiing and other 
recreational or beneficial activities.  
 
Daniel (1972) found that mixtures of Cutrine® (2.2 ppm) and diquat (3.0 ppm) 
rapidly eliminates algae (probably blue-green algae) and watermilfoil (Myriophyllum 
exalbecens). Algae are eliminated 4 days after treatment, and watermilfoil is 
completely controlled (eliminated) in 12 to 24 days. By 240 days after treatment, 
there was a moderate re-growth of algae. By 320 days after treatment there was an 
abundant growth of pondweed and small amounts of watermilfoil re-growth due to 
transplantation of watermilfoil 268 days after application. Mixtures of Cutrine® (2.2 
ppm) and endothall (3.0 ppm) also eliminated watermilfoil from these microcosms in 
Franklin (Wisconsin). However, the time to death of these plants was somewhat 
greater (24 days) than in the Cutrine® plus diquat treatment. Removal of algae with 
Cutrine® plus endothall also occurred, but it took longer to remove algae in the 
Cutrine® plus endothall treatment. Re-growth of algae was abundant by 240 days 
after treatment with Cutrine® plus endothall. Similar to the Cutrine® plus diquat 
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case, 320 days after treatment there was abundant growth of pondweed and a small 
amount of watermilfoil re-growth due to transplantation at 268 days after treatment. 

 
• Potential impacts on diversity 
 

The dominant species of phytoplankton can change after treatment with copper 
sulfate. The species that become dominant within a treated water body often depends 
on which species are naturally tolerant or resistant. For example, different algal 
species have predominated in the Fairmont Lakes (Minnesota) from the early 1920s 
till 1982. There was a shift in dominant algal species from green algae to blue-green 
algae sometime after the 1940s. The reason for this shift may be due to an increased 
tolerance, especially in the Aphanizomenon species. However, along with the 
Aphanizomenon species, blue-green algae like Anacystis spp. and Anabaena spp. 
appear to dominate the scene in the 7 lakes of the Fairmont chain. However, 
dominance by Aphanizomenon spp. appears to be unusual. By 1974, in 18 other lakes 
in Minnesota where copper sulfate has been used extensively, Aphanizomenon spp. 
predominated in 1 lake and was present in 4 lakes; green algae predominated in 7 
lakes and were present in 14 lakes. In 1981, lakes similar to the Fairmont Lakes 
chain, were sampled for Aphanizomenon and only 1 was dominated by this species. 
In 1982, 5 lakes within 10 miles of the Fairmont Lake Chain were not dominated by 
Aphanizomenon spp. (Hanson and Stefan, 1984). 

 
In eutrophic prairie lakes in Manitoba (Canada), treatment with 0.025 to 0.040 ppm 
Cu completely eliminated Aphanizomenon flos-aqua. Although this algae reappeared, 
60% of these lakes were dominated by green algae, diatoms and chrysophytes while 
20% were dominated by blue-green algae like Microcystis sp. (Whitaker et al, 1978). 
Sometimes nuisance filamentous green algae dominate a water body due to the 
formation of thick mats that can not be easily penetrated by copper sulfate treatments. 
In these cases the green algae may further dominate the treated water body due to the 
effects of nutrient (ammonia and nitrate) runoff during first rainfall events that occur 
after deliberate fertilization of surrounding terrestrial soils (Lembi et al, 1984).  
 
As discussed before, treatment of the Mill Pond Reservoir in Burlington, 
Massachusetts with copper sulfate caused a 90% reduction in the blue-green algae 
(Ceratium hirundella), which was largely replaced by two green algae species 
(Nannochloris sp. and Orococcus sp.) (McKnight, 1981).  
 
Laboratory studies indicate that some species of algae are more tolerant than other 
species. For example, the response of Nile River phytoplankton to copper sulfate 
pentahydrate showed that Fragilaria sp., Anabaena sp., Microcystis sp. and 
Selenastrum sp. were susceptible to the effects of copper sulfate while Chlorella sp., 
Pediastrum sp. and Scenedesmus sp. were resistant. Those species of algae that are 
resistant to copper sulfate will dominate a water body after treatment with copper 
sulfate unless other environmental factors such as temperature or nitrogen: phosphate 
ratio does not favor the growth of the resistant species (Issa and Ahmed, 1994). This 
effect was noted when Bullhead Lake (Wisconsin), which had been treated with 
copper sulfate, was subsequently treated with alum floc. More than 90% of the 
soluble reactive phosphorous was removed from the epilimnion and hypoliminion by 
treatment of this stratified calcareous lake with alum. This alum treatment shifted the 
total nitrogen:total phosphorous ratio against the formation blue-green algae that had 
previously been favored due the release of phosphate from sediment after treatment 
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with copper sulfate. Copper sulfate or sulfate alone may cause the release of iron-
phosphate complexes due to the formation of anaerobic conditions in the sediment 
and hypoliminion (Narf, 1985). Blue-green algae are often considered less desirable 
than green algae, diatoms and chrysophytes since they often are not suitable food 
stuff for planktovoric fish and aquatic invertebrates. Blue-green algae often produce 
toxic substances that may kill livestock, fish and wildlife and make the water 
undrinkable due to the production of these toxins or organic materials like geosmin or 
MIB, which impart a bad smell and/or bad taste to the water. For example, 
Aphanizomenon sp. and Nodularia spumigena produce toxins like aphantoxin and 
nodularin, respectively and Anabaena and Oscillatoria produce bad taste agents like 
geosmin and MIB (Heresztyn and Nicholson, 1997; English et al, 1993, 
Hindermarsh, 1993; van der Plough, 1991). 
 
Both Taub et al (1986) and Horne and Goldman (1974) found that treatment with 
copper produces conditions that are favorable to the growth of green algae over blue-
green algae. In microcosms treated with 2.0 ppm Cu as copper sulfate, Oocystis spp. 
and Ankistrodesmus spp. were able to dominate the microcosm, but at lower 
concentrations (0.5 to 1.0 ppm) the blue-green algae were the dominant species. At 
the higher concentrations the green algae were able to compete effectively against the 
blue-green algae indicating tolerance or adaptation to the copper sulfate treatments in 
green algae under the environmental conditions found at the microcosms sites. Horne 
and Goldman found that much lower concentrations of copper (0.005 to 0.010 ppm) 
effected the dominant phytoplankton genera in an autumnal bloom at Clear Lake 
(California). These treatments appeared to suppress the growth of the blue-green 
algae (Aphanizomenon and Anabaena). However, populations of the green algae 
(Oocystis and Melosira) remained similar to the untreated control sites. “A difference 
in sensitivity to copper was not unexpected because changes in the dominant blue-
green algal type have been brought about by large additions of Cu to lakes” (Horne & 
Goldman, 1974). 
 
The dominant macrophytes in a reservoir or lake may change due to treatment with 
copper sulfate or one of the commercial copper-complexes. Brown (1935) found that 
treatments with 0.5 ppm copper sulfate generally have no or low impact on aquatic 
macrophytes, treatments with copper sulfate eliminated sago pondweed and leafy 
pondweed in Fairmont Lakes. However, some aquatic macrophytes, like other 
species of pondweed and Nuphar variegatum, grew in Indian Lake (Massachusetts) 
after treatment with 0.116 ppm Cu. This indicates that if the target species (sago 
pondweed and leafy pondweed) is controlled by continuous exposure to ~0.1 ppm 
Cu, other species of pondweed or Nuphar variegatum may dominate the water 
column (Demayo et al, 1982).  
 
Rodgers et al (1992) and Bain and Boltz (1992) found that the use of Komeen® at 
0.3 to 0.4 ppm Cu) plus diquat at (0.3 to 0.4 ppm) is effective in the control of certain 
aquatic macrophytes like Hydrilla verticillata and Myriophyllum spicatum. Without 
treatment, Myriophyllum spicatum will colonize about 56% of the vegetated surface 
area of Guntersville Reservoir (Alabama) and Hydrilla verticillata will colonize 
about 9% of the vegetated area in this reservoir. Approximately 30% of the total 
surface area of the Guntersville Reservoir is colonized by various aquatic vegetation. 
Herbicide treatments including those with fluridone, 2,4-D DMA, endothall and 
Komeen® plus diquat only provide short term control of aquatic macrophytes in this 
water body, and therefore, certain priority control areas are treated up to 3 times a 
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season. Attempts to eradicate Hydrilla verticillata and Myriophyllum spicatum have 
not been entirely successful and have had a tendency to exclude other, more 
desirable, indigenous plant species like Najas quadalupensis, Najas minor, Najas 
magnus, native Potamogeton pondweeds, Chara zeylandica, Ceratophyllum 
demersum, Zizaniopsis miliacea and Nelumbo lutea. While attempts to control 
Hydrilla verticillata and Myriophyllum spicatum with Komeen® plus diquat are 
generally effective, the previously discussed native species have recently 
considerably impaired the beneficial use of the reservoir. Daniel (1972) found that 
while treatment with Cutrine® (2.2 ppm) plus diquat (3.0) ppm) or Cutrine® (2.2 
ppm) plus endothall (3.0 ppm) eliminated Myriophyllum exalbescens (watermilfoil) 
from microcosms in Franklin (Wisconsin), pondweeds species were able to grow in 
abundance within 1 year of treatment. Even after untreated watermilfoil was 
transplanted into these microcosms, re-growth was largely unsuccessful. This was 
believed to be due to an inability of the watermilfoil to effectively compete for 
growing space with various species of Potamogeton pondweed that were present. 
Production of dense mono-specific stands of various macrophytes will also decrease 
the diversity of animals, which require other species of plants for adequate foodstuff 
and habitat. It may, therefore, be necessary to remove these new undesirable 
dominant plants by using another method of control.  

 
• Naturally occurring re-growth and reproduction of non-noxious or non-invasive 

plants 
 

While most noxious aquatic vascular plants are substantially unaffected by copper 
sulfate, the labels indicate that the commercial copper-complexes can eliminate 
Hydrilla verticillata from treated water bodies. Also, Gangstad (1978) has shown that 
copper sulfate pentahydrate plus diquat at 0.5 plus 0.5 ppm or 1.0 plus 1.0 ppm can 
eliminate Hydrilla growth from treated pools for up to 8 weeks without causing acute 
toxicity to fish species like bluegills, largemouth bass or channel catfish, providing 
that the bottom sediment consisted of 50% peat and 50% sand. Cutrine® plus diquat 
at 0.46 plus 1.0 ppm or 0.86 plus 1.0 ppm has also given satisfactory control of 
Hydrilla verticillata in the Inglis Reservoir (Florida) for up to 9 months. Other 
applications of Cutrine® plus diquat or K-Tea™ plus diquat at rates of 4 gallons 
copper-complex formulation (0.19 ppm Cu) plus 2 gallons diquat formulation (0.224 
ppm c.e. diquat) were ineffective in controlling Hydrilla verticillata in the Cocoplum 
Waterway at Point Charlotte (Florida). According to Hodson et al (1984), diquat at 
18.7 L formulation/ha did not control Hydrilla verticillata in Lake Anne (North 
Carolina), possibly because diquat is rapidly adsorbed to suspended clay and organic 
particles in water, thus reducing the amount available to be adsorbed by the plant. 
Herbicides appear to give only partial control of Hydrilla verticillata; diquat (18.7 L 
formulation/ha) plus copper as Cutrine® (18.7 L formulation/ha) when applied to the 
Reedy Creek Lake (North Carolina) in June 1983 gave only partial and temporary 
control of Hydrilla verticillata. However, re-growth was rapid and approached pre-
treatment levels within 39 days after treatment. As the season progressed, treatment 
with copper plus diquat became less effective in Reedy Creek Lake. In Lake Anne, 
treatments in June and September of 1983 were ineffective in controlling Hydrilla 
verticillata. Hydrilla control is less effective later in the season because it tends to 
accumulate clay particles on its surface, which protect it from the effects of Cutrine® 
plus diquat. High concentrations of Cutrine® (2 ppm Cu = 84 L formulation/ha) 
controlled Hydrilla similarly to the mixtures of Cutrine® plus diquat). Only partial 
control of Hydrilla verticillata was possible with 2 ppm Cu as Cutrine® and re-
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growth was rapid; re-growth with the copper alone treatment was somewhat slower 
and this “better” control can be explained in part by the shallow depth of the treated 
plot. Best control of Hydrilla occurred with endothall used at 56 L formulation per 
hectare in Reedy Creek Lake where Hydrilla was reduced by 93% 21 days after 
application. By 39 days after treatment with endothall, Hydrilla was nearly 
completely eliminated. During the season, re-growth did not occur after treatment of 
Hydrilla with endothall so re-treatment was not necessary. However, sustained 
control only occurred in one of the endothall treatment plots. In the other plot, 
although good control occurred after treatment with endothall, re-growth was 
substantial and re-treatment was necessary in August. Again, substantial re-growth 
occurred in this plot by the end of the season (October). Endothall treatment at Lake 
Anne was not effective in controlling Hydrilla.  
 
Hodson et al (1984) found that Najas sp. and Eleocharis sp. were effective 
competitors with Hydrilla verticillata except when drawdown methods were used to 
help control aquatic vascular weeds. If drawdown methods were used to control 
vascular aquatic weeds, these species were not effective in competing against 
Hydrilla. Therefore, Hydrilla readily sprouted from tubers, becoming a significant 
noxious weed problem again. Daniel (1972) found that while watermilfoil was 
controlled by Cutrine® (2.2 ppm) plus diquat (3.0 ppm) or Cutrine (2.2 ppm) plus 
endothall (3.0 ppm) within 12 to 24 weeks after application, pondweed grew in great 
abundance within 1 year of application. Watermilfoil could not effectively compete 
with these pondweeds even if untreated watermilfoil was transplanted to these 
treatment plots.   
 
Komeen® (0.4 ppm) plus diquat (0.4 ppm) controlled Hydrilla verticillata and 
Myriophyllum spicatum in the Guntersville Reservoir (Alabama). However, for best 
control, an aquatic weed control program using fluridone, 2-4-D DMA, endothall and 
Komeen® plus diquat was necessary to prevent impairment of the beneficial uses of 
the Guntersville Reservoir. Effective control of Myriophyllum spicatum and Hydrilla 
verticillata after treatment with Komeen® plus diquat occurred within 7 days while 
the other treatments were primarily effective against Myriophyllum spicatum. The 
presence of Myriophyllum spicatum has impaired the beneficial use of the 
Guntersville Reservoir for over 30 years. Hydrilla verticillata, which has 
competitively excluded indigenous plant species, has been a problem since about 
1989. Without control of Hydrilla verticillata, this species has a tendency to shade 
out and competitively exclude a variety of other species. However in recent years, 
native species have also become fairly competitive and have impaired the beneficial 
use of the Guntersville Reservoir.  
 
Diquat itself is not very selective when used at concentrations that will control water 
milfoil in the Northwest. However, diquat appears to be extremely effective in 
controlling Elodea canadensis, and many species of pondweed (Potamogeton), 
although some species like P. richardsonii, P. robbinsii and P. nodosus are difficult 
to control. Although Reward® LA is effective at controlling some species of algae, it 
appears to have stimulatory affect on some species of green unicellular and green 
filamentous algae which can potentially lead to an algal bloom (Cooke, 1977). Such 
stimulatory effects on algal growth may be advantageous in developing increased 
foodstuff and habitat for certain amphibian species and cladocerans. Copper sulfate 
appears to have adverse impact on both the community structure and community 
process for periphyton, and some macrophytes and associated sediment organisms at 
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fairly low concentrations (0.0302 to 0.3047 ppm). However, copper sulfate may 
stimulate the growth of these communities at intermediate treatment rates [0.01 to 0.1 
ppm Cu (Balczon and Pratt, 1994)]. 

 
• Post treatment plantings of non-noxious or non-invasive species 
 

In a general review article, Frank (1972) recommended the planting of non-noxious 
and non-invasive native plants after the elimination of exotic noxious and invasive 
plants. However, some scientists have found efforts to reestablish native plant species 
are often unsuccessful. He indicated that such plantings would be competitive with 
the faster growing exotics once they have been eliminated. These native species can 
serve as both food and habitat for waterfowl, fish food organisms and fish. For a 
further discussion of the effect of copper containing aquatic herbicides and mixtures, 
these copper-containing herbicides and other herbicides on numbers and diversity of 
aquatic animals please see Section 4.3.2.3. 
 
Although diquat has usually been inactivated by adsorption to sediment (Birmingham 
and Colman, 1983; Daniel, 1972), only limited success has been reported with post 
treatment plantings. Although one would not plant this species to re-vegetate a water 
body that has been treated with Cutrine® plus diquat, Daniel (1972) found that some 
success could be obtained by transplanting watermilfoil 268 days after treatment. 
Birmingham and Colman (1983) found that duckweed could be planted in sediment 
containing up to 170 ppm diquat without completely eliminating growth. However, at 
those concentrations residual phytotoxicity becomes apparent in this closed system.  
 
The effects of diquat on post-treatment plantings of non-noxious and non-invasive 
species is discussed here because diquat is often used as a tank-mix with the 
commercial copper-complexes and Gangstad (1978) suggests its use as a tank-mix 
with copper sulfate pentahydrate. 
 

• Effects on aquatic plants: potential impacts of single versus multiple 
applications 

 
Initial elimination of exotic plants should increase habitat for fish (Bain and Boltz, 
1992). The use of Cutrine® plus diquat does not appear to affect abundance, size 
structure or movement of largemouth bass within the Guntersville Reservoir 
(Alabama). Furthermore, Bain and Boltz found that the vegetation density does not 
affect the movement of largemouth bass. The survival of bluegill sunfish, largemouth 
bass and channel catfish is not impacted by treatments with copper sulfate at 1.0 ppm 
or with copper sulfate plus diquat at concentrations up to 1.0 ppm. Treatment with 
diquat at 1.0 ppm, or encapsulated slow release copper sulfate at 1.0 ppm also had no 
toxic effect on these species of fish providing that the sediment contains 50% peat 
and 50% sand (Gangstad, 1978). However, treatments of 0.5 ppm copper sulfate will 
usually have an adverse impact on most species of fish (Brown, 1935) and treatment 
rates of 0.25 ppm Cu as copper sulfate have caused rainbow trout-kills in eutrophic 
prairie fish farm ponds (Whitaker et al, 1978). Single treatments with Cutrine® plus 
diquat at 2.2 ppm plus 3.0 ppm caused mortality in all fish in a Franklin (Wisconsin) 
microcosm within 1 day after treatment. It is unclear if this was a synergistic effect or 
a secondary effect due to low oxygen levels caused by the decay of algae and aquatic 
macrophytes (Daniel, 1972). However, Cutrine® (2.2ppm) and mixtures of Cutrine® 
(2.2 ppm plus diquat (1.5 ppm) plus endothall (1.5) ppm had no significant impacts 
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on the survival of indigenous fish species. Multiple treatments over many years with 
copper sulfate can cause the development of resistance in various algal species. 
Concentrations of copper sulfate necessary to control algae increased from 0.15 ppm 
(0.0375 ppm Cu) to 1.5 ppm (0.375 ppm Cu) from the early 1920s till the late 1960s 
(Hanson and Stefan, 1984). Furthermore, in the 1920s, copper sulfate pentahydrate 
was an effective method of controlling algae in the Fairmont Lakes but by the early 
1970s, even fairly high treatments were not effective in controlling algae.  Greater 
details on the development of resistance to copper sulfate in algae are discussed 
above. Heavy and continuous treatment with copper products may result in the 
accumulation of copper in the sediments to levels that exceed 1,000 ppm Cu (Bennett 
and Cubbage, 1992). Furthermore, 98% of the applied copper will be retained in the 
system as indicated from a study done at Indian Lake (Massachusetts). Accumulation 
of copper in plants growing in contaminated sediment appeared to be directly 
correlated for species like Eleocharis and Nymphaea but not for Equisetum or 
Nuphar. It appears that species like Eleocharis, Nuphar sp. and Potamogeton sp. may 
become adapted to copper in the sediment since they appear to survive treatment with 
copper sulfate in Indian Lake and effectively compete against Hydrilla verticillata in 
Piedmont Lakes that have been treated with Cutrine® or Cutrine® plus diquat 
(Demayo et al, 1982 and Hodson et al, 1984). This tolerance can be overcome in 
some cases by use of high concentrations of, and repeated treatments with copper 
sulfate. For example, lakes in Illinois treated with copper sulfate every week during 
the summer for 17 years were devoid of aquatic macrophytes and did not have algal 
blooms (Hasler, 1974 in Hanson and Stefan, 1984). However, the complete 
destruction of algae and vascular plant populations within a lake cannot be 
considered to be beneficial. 
 

4.3.1.4 Effects on Endangered Plant Species 
 

The current literature does not discuss the effects of copper products on endangered 
species. However, a few general comments can be made. Copper sulfate and the 
commercial copper-complexes are normally applied at or below the water surface; thus 
accidental “drift” exposure to upland vegetation during application would be minimal 
with the exception of emergent aquatic plant communities bordering the treated area. If 
any proposed “sensitive” plants or candidate species under review for possible inclusion 
in the state list of endangered or threatened species occurs along the banks of waterways 
to be treated with copper products, the applicator should leave a protective buffer zone 
between the treated area and the species of concern (Ecology, 1989). Sensitive upland 
plant species could potentially be damaged if water treated with copper herbicides plus 
diquat was improperly used for irrigation or extensive flooding from irrigation canals 
treated with copper herbicides plus diquat occurs. However, in most cases the use of 
copper products, without the addition of other herbicides, should not adversely impact 
terrestrial plants growing adjacent to a treated water body. Use of treated water for 
irrigation is normally prohibited for 3 to 5 days after treatment with copper products that 
have been tank-mixed with Reward® or until an acceptable analytical method shows the 
concentration of diquat has decreased below the MCLG (0.02 ppm c.e.).  As long as the 
copper concentration does not exceed 1.0 ppm Cu, there should be no adverse impact 
from the use of irrigation water containing copper. To protect endangered aquatic plants, 
some knowledge must be gained regarding the toxicity of the commercial copper-
complexes and the mixtures of commercial copper-complexes plus diquat. Tank-mixes 
containing a copper product and diquat must not be allowed to drift into areas where 
populations of endangered, threatened or sensitive species may be affected. Although 
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synergistic effects have been noted for mixtures of copper sulfate plus diquat in aquatic 
plants (Sutton et al, 1970 and Pringle and Anderson, 1980), data is unavailable that 
indicates the combined effects of copper sulfate plus diquat on terrestrial plants. 
Therefore, it is important that endangered and threatened plant species are not exposed to 
mixtures of copper products and diquat. In the case of threatened aquatic plants, the 
Endangered Species Act does not allow for the control of noxious weeds to take 
precedence over the protection of endangered species. However, if conditions indicate 
that removal of noxious weeds will improve habitat for threatened/endangered plant 
species, removal by chemical or other means should be considered. The permit for 
treatment of water bodies to control noxious or invasive plants may be denied or 
amended if Ecology believes that endangered or threatened populations of plants may be 
adversely impacted by treatments to control these weeds (McNabb, 1999 and Dorling, 
1999 personal communications).  
 
Endangered plant species in the state of Washington that are either fully aquatic, 
palustrine or riparian are as follows: Ute Ladies’ Tresses, Golden paintbrush, and Nelson 
checker mallow (terrestrial species), water howellia and marsh sandwort (aquatic 
species). 
 

4.3.1.5 Risk Analysis for Aquatic Species of Plants 
 

It is not standard procedure to conduct a Risk Assessment with an herbicide for aquatic 
plants and algae. Since blue-green algae are often important for nitrogen fixation, it is 
important that the risk be low for these species. Horne and Goldman (1983) found that 
diquat at concentrations as low as 0.005 to 0.010 ppm Cu inhibits nitrogen fixation at 
levels greater than 90% over a 9-day period. Concentrations of 0.05 ppm Cu completely 
inhibit nitrogen fixation and reduce photosynthesis in Anabaena and Aphanizomenon 
within 1 day. Concentrations of copper sulfate pentahydrate higher than 0.01 ppm Cu will 
be found in the field for longer than 4 days, even after application of the lowest copper 
sulfate concentrations (0.0625 ppm Cu) specified in the Triangle Brand® Copper Sulfate 
Crystal label. Mixed cultures of blue-green algae will be at high risk (RQ = >1.0 = 0.031 
ppm/0.025 ppm) even at copper concentrations less than the concentrations found in 
prairie pothole lakes after the steady state concentration (0.038, 0.071 and 0.087 ppm Cu) 
from treatments with 0.250, 0.350 or 0.510 ppm Cu has been reached (Wagemann and 
Barica, 1979). EPA (1985) has also reported that the concentration of copper in lake 
water with sediment treated weekly in the laboratory for 5 weeks at 1.0 to 2.0 ppm Cu as 
copper sulfate remained above 0.03 ppm Cu during this period of time. Furthermore, 
EPA has reported that the concentration of copper in cranberry bogs treated 1 time with 
0.4 ppm Cu had concentrations 0.03 to 0.05 ppm Cu that exceeded those that produce a 
very high risk (0.03125 ppm Cu) to mixed blue-green algal species (Table 17). Treatment 
of eutrophic prairie lakes in Manitoba (Canada) at copper sulfate concentrations as low as 
0.025 to 0.04 ppm Cu controlled the blue green algae species Aphanizomenon flos-aquae 
within 1 or 2 days of application. While this species returned to the treated pothole lakes, 
it remained below levels that would typically cause summer fish-kills (Whitaker et al, 
1978).  

 
The most sensitive freshwater algae were blue-green algae and the green algae 
Scenedesmus sp. Almost all species of algae tested were affected in laboratory media that 
contained more than 0.25 ppm Cu (Table 17). However, there are a few species of 
freshwater algae for which the level of concern (1.0) is not exceeded when they are 
treated with copper sulfate at the typical maximum use rate of 0.5 ppm Cu. For example, 
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the risk quotients for the diatoms Navicula incerta and Nitzschia linearis are less than 1.0 
which indicates that these species will not be adversely impacted by treatment with 
copper sulfate at typical use rates. Certain other species of algae are tolerant to copper 
sulfate. For example, Chlamydomonas sp., Eudorina californica, Cyclotella meneghiana, 
Scenedesmus quadricauda, Calothrix brunii, Symploca erecta, Ankistrodesmus falcatus 
acicularis and Scenedesmus basiliensis have LOEC values that exceed 2.0 ppm Cu. 
Therefore, these species are unlikely to be affected by concentrations of copper sulfate 
less than 1.0 ppm Cu (Table 13). However, since the copper complexing capacity of 
various water bodies governs the toxicity of copper to algae, it is not possible to 
accurately predict whether or not a specific treatment will control a specific species of 
algae. For example, laboratory treatment of water from various Michigan water bodies 
has varying effects on Selenastrum capricornutum. Treatment of water from Lake 
Michigan, Par Pond, Maple Lake, Upper Three Runs River, Hidden Pond, Sagnashkee 
Slough, Crawdad Slough and Beaver Pond with copper sulfate yielded EC50s that ranged 
from 0.18 to 2.5 ppm Cu. If the water was treated at 0.5 ppm Cu, the situations that give 
EC50s of less than 0.5 ppm Cu would put Selenastrum capricornutum at very high risk 
for adverse impact. However, it is unlikely that Selenastrum capricornutum in Crawdad 
Slough or Beaver Pond will be at risk since the EC50 for copper sulfate in water from 
these water bodies was greater than greater than 2.0 ppm Cu (Table 17). It is likely that 
this lack of effect for copper sulfate on Selenastrum capricornutum in certain water 
bodies is due to their copper complexing capacity [Allen et al, 1983 (Table 8B)].  
 
Only limited published work was available on the control of algal species with the 
commercial copper-complexes. For example, at the lowest concentration of Cutrine®-
Plus typically applied (0.2 ppm) the level of concern (1.0) for blue green-algae, green 
algae and diatoms will be equaled or exceeded even if the 4-day time-weighted average 
EEC is taken into account. E.g., RQ = 1.95 = 0.125 ppm/0.064 ppm for Microcystis 
aeruginosa; RQ = 2.8 = 0.125 ppm Cu/0.09 ppm for Anabaena spiroides; RQ= 1.0 = 
0.125 ppm/0.13 ppm for Spirogyra sp.; and RQ = 2.8 = 0.125 ppm/0.045 ppm for 
Peridinium inconspicuum. 
 
As was previously discussed, the tolerance or resistance of an algal species can also 
impact whether or not a specific strain of algae for a specific species is at risk or not. For 
example, laboratory tests with two strains of Scenedesmus sp. indicate that a strain that 
has not been extensively exposed to copper sulfate is highly susceptible (EC25 = 0.05 
ppm Cu). However, in a strain of Scenedesmus sp. deliberately selected with copper 
sulfate, the EC45 was 1.5 ppm Cu. The resistant (selected) strain is approximately 30-
fold more tolerant to exposure from copper sulfate than the susceptible [unselected strain 
(Table 13)]. These tolerance or resistance effects have also been noted in the field. For 
example, blue-green algae in the Fairmont Lakes (Minnesota), like Aphanizomenon sp., 
Microcystis sp. and Anacystis sp., that were controllable in the 1920s at copper sulfate 
concentrations of 0.15 ppm (0.0375 ppm Cu) were no longer controllable with 1.5 ppm 
(0.375 ppm Cu) in the late 1960s. Furthermore, by 1972, only 1 out of 10 copper sulfate 
treatments was effective in controlling algae in the Fairmont Lakes even at treatment 
rates of 0.9 ppm copper sulfate (0.225 ppm Cu). The kind of algae that is resistant may 
vary from site to site. For example, in microcosms in Duluth, Oocystis sp. and 
Ankistrodesmus sp. (green algae) are naturally tolerant to copper sulfate pentahydrate but 
these species only dominate the treated microcosms when treated with 2.0 ppm Cu as 
copper sulfate; under these condition, the green algae can effectively compete with the 
blue-green algae. However, at lower concentrations (0.5 to 1.0 ppm Cu), the blue-green 
algae dominated the water body (Taub et al., 1986). Other cases where green algae 
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dominated the water body after treatment with copper sulfate included the Mill Pond 
Reservoir [Massachusetts (McKnight, 1981)], eutrophic prairie lakes in Manitoba 
[Canada (Whitaker et al, 1978)], and Nile River water treated with copper sulfate in the 
laboratory (Issa and Ahmed, 1994). Greater detail of this algal resistance and tolerance 
phenomenon can be found in previous sections of this document.  

 
Very little work has been done with aquatic macrophytes, but in the absences of high 
concentrations of chelating agents, the level of concern (1.0) is exceeded when Lemna 
trisulca is exposed to 0.25 ppm Cu; RQ = 1.1 = 0.25 ppm/0.228 ppm.  A similar species 
(Lemna valdiviana) has its growth suppressed at concentrations of copper above 0.1 ppm 
Cu (Demayo et al, 1982). Laboratory tests with other species of aquatic vascular plants 
like Hydrilla verticillata and Spirodela polyrhiza (giant duckweed) indicate that the level 
of concern may not be exceeded with copper sulfate (RQ = 0.625 = 0.25 ppm/0.4 ppm for 
Hydrilla verticillata; and RQ = 0.87 = 0.25ppm/ 0.286 ppm for giant duckweed). 
However, Gangstad (1978) indicates that, while copper sulfate alone at concentrations up 
to 1.0 ppm Cu does not adversely impact Hydrilla verticillata, copper sulfate plus diquat 
at concentrations of 0.5 ppm Cu plus 0.5 ppm c.e. destroys 100% of the indigenous 
hydrilla at both 4 and 8 weeks after treatment. In the laboratory, both Komeen® and K-
Tea™ have adverse impact on Hydrilla verticillata at 0.25 ppm Cu and 0.5 ppm, 
respectively. At these concentrations, the level of concern is exceeded for these 
compounds with Hydrilla verticillata; RQ = 1.25 = 0.25 ppm/0.2 ppm for Komeen®; and 
RQ = 1.25 = 0.5 ppm/0.4 ppm for K-Tea™. At lower concentrations (0.3125 to 0.125 
ppm Cu), Hydrilla does not appear to be adversely affected by Komeen® or K-Tea™. 
However, in the field, Komeen® controls or adversely impacts Hydrilla verticillata at 
concentrations of 0.5 and 1.0 ppm Cu; at this concentration 60% and 95% control of 
Hydrilla verticillata was achieved at 4 weeks. However, combinations of Cutrine® plus 
diquat or K-Tea™ plus diquat were ineffective in controlling Hydrilla at rates of 4 
gallons/acre formulated copper product (0.2ppm Cu) plus 2 gallons/acre of formulated 
diquat (0.224 ppm c.e.). These rates were not effective in controlling Hydrilla and 
therefore, should not have an adverse impact on this species. However, high 
concentrations of Cutrine® plus diquat or copper sulfate plus diquat (0.46 ppm Cu + 1.0 
ppm c.e. or 0.86 ppm Cu + 1.0 ppm c.e.) provided satisfactory control of Hydrilla 
verticillata for up to 9 months (Gangstad, 1976). However, whether or not adverse impact 
occurs on Hydrilla appears to vary from treatment to treatment. For example, sometimes 
Cutrine® plus diquat at 18.7 L/ha +18.7 L/ha was effective in controlling Hydrilla [e.g. 
Reedy Creek (North Carolina) in June, 1983] and at others it was ineffective [Lake Anne 
(North Carolina) in June and September, 1983 (Hodson et al, 1984)]. Other very high 
treatment rates of Cutrine® plus diquat (2.2 ppm plus 3.0 ppm) or Cutrine® plus 
endothall (2.2 ppm plus 3.0 ppm) destroyed watermilfoil and pondweed populations 
within 24 days after treatment. Abundant pondweed growth occurred within 1 year of 
application. However, watermilfoil did not return in high densities (Daniel, 1972). 
Cutrine® plus diquat or Cutrine® plus endothall would be expected to cause high risk to 
most species of algae or aquatic vascular plant within 24 days of treatment.  
 
Most species of algae and aquatic vascular plants tested in the laboratory are at high to 
very high risk (RQ = 0.5 to >1.0) based on laboratory data. There are a few species of 
algae that are not at risk when treated at typical concentrations of copper products. A 
number of algae and vascular plants are tolerant of copper products. Nuphar variegatum 
and Potamogeton sp. except P. folius and P. pectinatus appear to be tolerant of copper 
sulfate and Najas sp. and Eleocharis sp. may be tolerant of Cutrine® plus diquat 
treatments in the Piedmont Lakes of North Carolina. In recent years a variety of native 
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plant species may have developed a tolerance to Komeen® plus diquat in the Guntersville 
reservoir, which has lead to impaired beneficial uses of the reservoir. These plants 
include several Najas sp., Potamogeton pondweed species, Chara zeylandica, 
Ceratophyllum demersum, Zizaniopsis milacea and Nelumbo lutea. Fortunately, Eurasian 
watermilfoil and Hydrilla verticillata are still controlled effectively by Komeen® plus 
diquat at concentrations of 0.4 plus 0.4 ppm (Rodgers et al, 1992).  
 

4.3.2 Effects of Diquat on Aquatic Animals 
  

Summary: Copper sulfate is toxic to many fish, free-swimming aquatic invertebrates, and 
benthic invertebrates at concentrations typically used in the field. It is well known that 
0.5 ppm copper sulfate (0.125 ppm Cu), which is effective in controlling many species of 
algae, may completely eliminate most species of limnetic zooplankton from a treated 
water body. It is expected that copper sulfate treatment at these rates will also annihilate 
fish species from treated lakes (Smith 1935). However, while these concentrations were 
observed to destroy zooplankton in Lake Jesse (New York), a small number of fish 
survived the treatment. Even so, copper sulfate at standard use rates should not be used if 
it is necessary to preserve fish as these use rates are toxic to crustaceans and fish in Lake 
Maracaibo [Venezuela (de Zambrane, 1975)]. Copper sulfate was toxic to rainbow trout 
at rates of 0.250 ppm Cu in eutrophic pothole lakes in Manitoba (Canada). However, 
treatments with 0.025 to 0.04 ppm Cu may be effective in controlling blue-green algae 
such as Aphanizomenon flos-aquae without adversely impacting rainbow trout under the 
use conditions (Whitaker et al, 1978). Various other treatment conditions spare fish from 
effects of copper sulfate pentahydrate (Gangstad, 1978). A 1.0 ppm Cu treatment of a 
pool with bottom sediment of 50% peat and 50% sand did not adversely impact stocked 
fish. Bluegill sunfish, largemouth bass and channel catfish were not acutely affected by 
these treatments even after an 8-week exposure. Also, there was no substantial impact on 
edibility when ponds in rainbow trout farms were treated with 1.0 ppm for 5 days per 
month for 18 months. It was not discussed, but these fish were assumed not to display 
increased mortality or decreased growth during the 18 months of the study (Bohl et al, 
1982). Furthermore, when catfish were treated with 1.7 to 3.6 ppm copper sulfate for 10 
weeks, copper concentrations did not build up in edible tissue. However, copper 
accumulated in the livers of these catfish which led to decreases in growth rate, 
particularly in male fish, even when the treatment rate was as low as 0.22 to 0.354 ppm 
Cu (Griffin et al, 1997 and Perkins et al, 1997). Rainbow trout, in prairie pothole lakes 
treated at 0.125 ppm Cu, also accumulated copper in their livers and it also appeared to 
affect their growth (Majewski et al, 1978). Although fish showed physiological signs of 
stress from treatment with copper sulfate at 1.7 ppm (0.43 ppm Cu), other stressors such 
as parasites, competition and starvation appeared to cause greater stress as indicated by 
the significant rise in plasma cortisol levels and significant decrease in plasma chloride 
levels (Griffin et al, 1999). 
 
Treatment with the commercial copper-complexes like Komeen®, K-Tea™, Cutrine® 
and Copper Control® appear to be somewhat safer in the field than treatments with 
copper sulfate. Bain and Boltz (1992) and Rodgers et al (1992) found no obvious effects 
of Komeen® plus diquat at concentrations of 0.3 plus 0.3 ppm or 0.4 plus 0.4 ppm when 
this product was applied to the Guntersville Reservoir to control Myriophyllum spicatum 
and Hydrilla verticillata. Largemouth bass were not affected with respect to numbers, size 
structure, condition or movement. Fish of other species that were not discussed 
specifically also appeared to remain in a condition similar to that of fish found in 
untreated controls. The only other animals discussed in these studies were gastropods 
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and no obvious toxic effects were mentioned by the investigators. However, not all of the 
commercial copper-complexes are safe to fish in the field. For example, when Cutrine® 
plus diquat was used at 2.2 plus 3.0 ppm, all the indigenous fish in the microcosms at 
Franklin (Wisconsin) were killed within 1 day of initial application. It is not clear if this 
effect was caused by the direct toxicity of the Cutrine® plus diquat treatment or as a 
result of a severe oxygen slump that occurred immediately after treatment. However, 
treatments with Cutrine® plus endothall at 2.2 plus 3.0 ppm, Cutrine® plus diquat plus 
endothall at 2.2 plus 1.5 plus 1.5 ppm or Cutrine® alone at 2.2 ppm did not cause 
significant fish-kills (Daniel, 1972).  

 
The chronic toxicity maximum allowable toxic concentration (MATC) for copper sulfate 
is low and the MATC is expected to exceed the 28-day geometric mean EEC. The long-
term (28-day) estimated geometric mean EEC is 0.012 ppm. However, Wagemann and 
Barica (1979) found that the steady state concentrations in water, after treatment with 
approximately 0.125 ppm Cu (0.130 to 0.140 ppm Cu), were almost as high (0.0077 to 
0.0089 ppm Cu) as the predicted values (~0.01 ppm Cu). Furthermore, a cranberry bog 
treated with copper sulfate at a single maximum dosage of 0.4 ppm Cu had water 
concentrations of 0.02 ppm Cu 28 days after treatment. Sediment from lakes and ponds in 
New York treated in the laboratory with 1 to 2 ppm copper sulfate every week for 5 weeks 
also had water column copper concentrations ranging from 0.03 to 0.1 ppm Cu. In all of 
these cases, the concentrations of copper in the water column (0.01 to 0.02) exceeded the 
chronic MATCs, NOECs or LOECs for the more sensitive species of fish and aquatic 
invertebrate. For example, the MATC for many species of fish and invertebrate ranges 
from below 0.001 ppm for teratogenesis in rainbow trout to 0.29 for immune response in 
goldfish (Table 20). Typical MATCs for invertebrates ranged from 0.0036 ppm Cu for 
survival and reproduction in Gammarus pseudolimaeus to 0.18 ppm for histopathological 
and immune responses in Corbicula fluminea (Table 21). Lower concentrations may 
impair the chronic survivability of fish and invertebrates even in water bodies that have 
not been recently treated with, or have never been treated with copper sulfate. This is 
because typical concentrations of copper in untreated water bodies can range from as 
low as 0.001 to 0.0065 ppm Cu (Nelson et al, 1969; Sanchez and Lee, 1978 and Serdar, 
1995). Furthermore, Engle and Sunda (1979) and Brown (1980) found that the sensitive 
estuarine/marine fish Leiostomus xanthurus (Spot) and Menidia menidia (Atlantic 
silverside) and the invertebrate Artemia salina (brine shrimp) may be chronically 
affected by concentrations of copper found in untreated seawater. Treated impoundments 
with fairly high copper concentrations 0.018 to 0.061 ppm Cu) and a low copper 
complexing capacity (0.017 to 0.049 ppm Cu) may also chronically affect populations of 
bluegill sunfish by reducing the population and producing a higher incidence of 
structural deformities (Harrison, 1985 and Harrison, 1986). Both Bain and Boltz (1992) 
and Rodgers et al (1992) found that Komeen® plus diquat had no adverse effect on 
largemouth bass exposed for 100 days and other fish for 29 days. The margin of safety 
for these herbicides was clearly illustrated by lack of non-target effects on aquatic 
resources such as fish and mollusks. The vegetation density did not affect largemouth 
bass movement after treatment and there was no measurable difference in abundance, 
size structure, condition or movement after treatment with Komeen® plus diquat. Only 
extremely high concentrations of copper in the sediment appear to have either impact in 
the laboratory or on benthic organisms in the field. In the laboratory, copper applied on 
Lake Steilacoom sediment did not appear to have an acute or chronic effect on 
invertebrates until the sediment concentration reached 890 ppm Cu and the pore water 
concentration reached 0.440 ppm Cu. Even then, the organisms that were affected were 
those that had intimate contact with the sediment or pore water like Hyalella azteca and 
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Hexaginia limbata (Bennett & Cubbage, 1992). Field studies at the same site indicate 
that the benthic community of Lake Steilacoom consisted predominantly of pollution 
tolerant organisms. As previously discussed, benthic populations of invertebrates in the 
Fairmont Lakes had decreased to almost zero after treatment with copper sulfate from 
1921 to 1964. However, after dredging, and no further treatment for 2 to 9 years, the 
density of benthic organisms ranged from 1,145 to 6,128 organisms per square meter 
(Hanson and Stefan, 1984). Whether concentrations of copper in the sediment, pore 
water or overlying water has greatest impact on animals exposed to copper is strongly 
influenced by where the exposed species is typically found. Species like Ceriodaphnia 
dubia, Daphnia magna and Pimephales promelas are most likely to be intoxicated by 
copper in the overlying water while species that are typically associated with the pore 
water like Hyalella azteca, and Hexagenia limbata are most likely to be intoxicated by 
copper in the pore water. Species that come into direct contact with, or directly consume, 
the sediment like Chironomus tentans or Lumbriculus variegatus are most likely to be 
intoxicated by copper directly associated with the sediment (Suedel et al, 1996 and 
Bennett and Cubbage, 1992). 
 
Laboratory exposure of Coho salmon (Oncorhynchus kisutch) may adversely impact 
juveniles at concentrations as low as 0.005 to 0.030 ppm Cu (Lorz and McPherson, 
1976). Concentrations of 0.005 ppm Cu reduces ATP-ase activity in fish from 25.5 
μmoles ATP hydrolyzed per milligram protein per hour to 16.3 μmoles ATP hydrolyzed 
per milligram protein per hour and 0.030 ppm Cu reduces these ATP-ase levels to 6.5 
μmoles ATP hydrolyzed per milligram protein per hour. Furthermore, survival to 
seawater exposure, after exposure to these concentrations, was dosage correlated with 
the survival rate being 94, and 6 % for exposure to 0.005 and 0.030 ppm Cu, 
respectively. Furthermore, exposure to 0.005 to 0.030 ppm Cu reduced downstream 
migration of yearling Coho salmon by 30% and 80%, respectively, when only 10% of the 
untreated fish failed to migrate. Bouck and Johnson (1979) observed similar effects on 
seawater survival when Coho salmon smolts were exposed to therapeutic dosages of 
copper sulfate. Furthermore, Klaprat et al (1992) found that 0.044,ppm Cu prevented 
Atlantic salmon from being attracted to home-stream water, and the 0.017 ppm Cu 
caused downstream migration of migrating adult salmon. Mixtures of metals containing 
>0.038 ppm Cu and >0.477 ppm Zn could block spawning runs in Atlantic salmon. In 
addition, 0.120 ppm Cu blocked spawning in several species of fish.  

 
Behavioral effects have been observed when fish or aquatic invertebrates are exposed to 
copper sulfate and other inorganic copper salts. For example, rainbow trout fry avoid 
copper sulfate at concentrations as low as 0.0001 to 0.100 ppm, while the LC50 of 
copper sulfate to this species is 0.14 ppm. Atlantic salmon appear to avoid copper at 
concentrations as low as 0.004 to 0.005 ppm Cu in the laboratory and in the field, the 
threshold concentration for avoidance (blockage of upstream migration by adult Atlantic 
salmon) was 0.05 ppm Cu. The concentration of copper avoided by these species is much 
lower than the typical LC50s (0.025 to 0.14 ppm). Therefore, it seems likely that exposed 
fish could avoid being poisoned by avoiding copper sulfate or they may reject and leave 
habitat that might be superior but has very low, non-toxic levels, of copper sulfate. 
However, not all fish species can avoid copper. For example, largemouth bass did not 
react to copper but the white sucker exhibited a strong avoidance reaction and some 
species, like goldfish and green sunfish, may actually be attracted to copper 
concentrations of 0.011 to 0.017 ppm Cu (Folmar, 1976; Klaprat, et al, 1992 and 
Demayo et al, 1982). Some species of aquatic invertebrate may also avoid copper sulfate. 
For example, mayfly nymphs (Ephemerella walkeri) avoid copper sulfate at 
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concentrations of 0.1 ppm Cu but do not appear to be able to detect copper at 
concentrations of 0.001 or 0.01 ppm (Folmar, 1978). Some species of invertebrate such 
as Gammarus lacustris may not avoid toxic concentrations of copper higher than the 
LC50 (0.06 to 0.32 ppm Cu). In fact, this species appears to be attracted to very high 
concentrations of copper (40 to 30 times the LC50) although it may be able to avoid 
concentrations up to 0.19 to 0.46 ppm Cu. These results indicate that fish food sources 
should remain in an area that has copper concentrations that would typically drive many 
species of fish away. Therefore, the supply of fish food should be adequate, as there is no 
tendency for many invertebrates to avoid, dislodge or drift due to the presence of copper. 
Furthermore, not all species of fish or aquatic invertebrates will avoid toxic 
concentrations of copper and may actively seek them out, which could lead to adverse 
toxic impact (Folmar, 1978 and Demayo et al, 1982).  

 
Copper applications to fully aquatic (lentic and lotic) systems may be toxic to some 
aquatic animals (Tables 2, 18 and 19). Copper sulfate concentrations will generally be 
acutely toxic to most fish and aquatic invertebrates at concentrations typically used to 
control aquatic algae and pondweeds. Copper sulfate at 0.5 ppm (0.125 ppm Cu) controls 
aquatic algae. However, these concentrations have virtually no impact on most aquatic 
macrophytes, but destroy aquatic invertebrates including crustaceans and virtually 
eliminate fish from the water bodies (de Zambrane, 1979 and Smith, 1935). Copper 
sulfate can be acutely or chronically unsafe to most species of fish or aquatic 
invertebrate. For example, the concentrations of copper sulfate are expected to decrease 
to a time-weighted average EEC of approximately 0.067 ppm Cu 4 days after treatment at 
concentrations of 0.125 ppm Cu. After treatment with 0.5 ppm Cu as copper sulfate, 
concentrations of copper in Sylvia Lake (Washington) and pothole lakes in Manitoba 
were as high as 0.013 to 0.087 ppm Cu after equilibrium had been reached. Of course, 
lower treatment rates (0.4 ppm Cu) in Massachusetts’s cranberry bogs or in prairie 
pothole lakes (0.048, 0.130 and 0.140 ppm) may or may not produce 4-day or steady state 
concentrations that are less than those described above. For example, the concentrations 
of copper after 3 to 6 days of dissipation of from cranberry bogs was approximately 0.06 
to 0.52 ppm and the steady state concentration of copper, after application of copper 
sulfate to prairie pothole lakes, was 0.0038, 0.0089 and 0.0077 ppm Cu, respectively. 
Once steady state is reached, the concentration of copper in the water column should 
remain approximately the same for a long length of time (Wagemann and Barica, 1979; 
EPA, 1987 and Serdar, 1995). Based on laboratory results, it is expected that most 
species of fish and aquatic invertebrates would be adversely impacted in the short-term 
since the predicted risk quotient greatly exceeded the acute level of concern (0.1). The 
most sensitive species of fish tested have LC50s less than 10-times the expected 
environmental concentration seen after approximately 4 days of copper sulfate dissipation 
(0.038 to 0.087 ppm Cu) following treatment with 0.25 to 0.5 ppm Cu. For example, the 
LC50 for cutthroat trout ranges from 0.016 to 0.367 ppm Cu depending on the hardness 
and alkalinity of the water and the striped bass has an LC50 to copper sulfate of 0.025 
ppm to 0.155 ppm Cu depending on the age of the fish. Approximately 13% of fish tests 
yielded LC50s greater than 0.37 ppm Cu.  However, using the more liberal ECOFRAM 
approach, if approximately 90 % of the exposed fish have an LC50 of less than 0.087 
ppm Cu as copper sulfate, the fish biota should be able to maintain good structure and 
function. Nevertheless, it appears that only about 25% of the fish species tested would 
withstand treatment with 0.087 ppm Cu and survive at least at the 50% level. 
Furthermore, some of the most desirable fish species including striped bass, cutthroat 
trout, Coho salmon, rainbow trout, Chinook salmon, Steelhead, summer flounder, 
squawfish and Atlantic salmon have LC50s of less than 0.087 ppm Cu as copper sulfate. 

Supplemental Environmental Impact Statement Assessments of Aquatic Herbicides: 
DRAFT Volume 6 – Copper, Section 4 – ENVIRONMENTAL EFFECTS 

Vol. 6, Sect. 4 – Page 115 



 

Even the lower copper sulfate treatment concentrations, which give equilibrium 
concentrations of 0.0038 to 0.0089 ppm Cu would acutely impact many species of 
desirable fish including early life stage striped bass (LC50 = 0.025 ppm Cu), cutthroat 
trout in water of low to moderate hardness and alkalinity (LC50 = 0.016 to 0.044 ppm 
Cu), rainbow trout (LC50 = 0.032 to 0.045 ppm Cu), early life stage steelhead trout 
(0.017 to 0.029 ppm Cu), early life stage Chinook salmon (0.019 to 0.026 ppm Cu), 
summer flounder (LC50 = 0.028 to 0.047 ppm Cu), fathead minnow (LC50 = 0.0125 to 
0.045ppm Cu), northern squawfish (LC50 =0.018 ppm) and Atlantic salmon [LC50 = 
0.025 ppm Cu (Table 18)]. If one bases safety criteria on the more liberal ECOFRAM 
approach, the highest concentration of copper sulfate that can be used safely is 0.05 ppm, 
which yields a 4-day weighted EEC of 0.027 ppm Cu. Even under this use scenario, a 
number of endangered species may be adversely impacted by treatment with copper 
sulfate including striped bass, steelhead trout, early life stage Chinook salmon, and 
Atlantic salmon. However, field work indicates that concentrations of 0.025 to 0.04 ppm 
Cu as copper sulfate are effective in controlling the most difficult blue-green algae 
species without great likelihood of impacting sensitive fish like rainbow trout (Whitaker 
et al, 1978). However, in conditions where microcosms had sediment consisting of 50% 
peat and 50% sand, several species of fish including bluegill sunfish, largemouth bass 
and channel catfish were not acutely affected by treatment with copper sulfate at 1.0 ppm 
Cu or copper sulfate plus diquat at 1.0 ppm Cu plus 1.0 ppm c.e. even after 8 weeks of 
exposure (Gangstad, 1978). This is believed to be due to the binding of copper and diquat 
to the humic fractions in the peat and extensive cation exchange reactions that may 
remove both copper and diquat from the water column. 
 
Similar conclusions can be made from laboratory work with copper sulfate on aquatic 
invertebrates. The most sensitive aquatic invertebrates have short-term LC50s to copper 
sulfate of 0.00146 ppm Cu for Ceriodaphnia dubia, 0.0053 to 0.0115 ppm Cu for 
Crassostrea gigas embryos, 0.015 to 0.128 ppm Cu for Crassostrea virginica embryos, 
0.005 ppm Cu for Daphnia hyalina, 0.0098 to 0.060 ppm Cu for Daphnia magna, 0.020 
ppm Cu for Gammarus pseudolimnaeus, 0.021 ppm Cu for Gammarus pulex in soft 
water, 0.0058 to 0.05 ppm Cu for a variety of marine bivalve, 0.048 ppm Cu for 
American lobster larvae, 0.0656 ppm Cu for Hyalella azteca, 0.034 ppm Cu for various 
pond snails and other fresh water molluscs, 0.03 to 0.0525 ppm for the branchiopod 
Streptocephalus proboscideus in soft water and 0.080 ppm Cu for the marine copepod 
Tisbe holothuriae (Table 19). In order to largely spare the invertebrate biota from the 
acute effects of copper sulfate, the maximum application rate should normally be < 0.031 
ppm Cu, which would yield a 4-day average EEC of 0.016 ppm Cu. Even under this 
treatment scenario, and the use of the liberal ECOFRAM criteria, many species of 
invertebrate would still be adversely impacted by acute exposure to copper sulfate 
including Ceriodaphnia dubia, Crassostrea sp. Daphnia hyalina, and Gammarus pulex 
(Table 19). Field data conducted with copper indicates that aquatic beetles (Psephenus 
sp.) and mayflies (Baetis sp. and Stenonema interuptum) and the isopod (Lirceus sp.) 
were eliminated from the aquatic community at Shayler Run (Ohio) when copper 
concentrations were either 0.066 or 0.12 ppm Cu. However, chironomid midges tended to 
dominate the community when the concentration of copper ranged from 0.052 to 0.12 
ppm. Furthermore, dragonflies, Stenelmis sp. (beetles) and Cheumatopsyche sp. 
(Tricoptera) attained maximum densities at concentrations of 0.066, 0.038 and 0.038 ppm 
Cu, respectively. Maximum densities may have been obtained for each individual species 
at a specific copper concentration because at those concentrations, the dominant species 
was less effected by competition and/or predation (Demayo et al, 1982).  
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Benthic invertebrates, in addition to those previously mentioned, may be adversely 
impacted by copper sulfate in the sediment. For example, at Lake Steilacoom, at the 
highest sediment concentrations, (890 ppm Cu in sediment = 0.440 ppm Cu in pore 
water), the claodocerans (Daphnia magna and Ceriodaphnia dubia) and the bloodworm 
(Chironomus tentans), were not affected in sediment bioassay studies. However, Hyalella 
azteca (an amphipod) and Hexagenia limbata (a mayfly) had reduced short-term survival. 
At lower concentrations (840 ppm Cu in sediment = 0.240 ppm in pore water), survival 
was as good in the treated sediment as in the controls (Bennett and Cubbage, 1992). 
However, in some cases, copper concentrations did not need to be this high to cause 
mortality in sediment-associated organisms. For example, when sediment concentrations 
were ~40 ppm Cu, the overlying water concentration was 0.008 to 0.009 ppm Cu and 
these overlying water concentrations were toxic to the cladoceran species (C. dubia and 
D. magna). Higher sediment concentrations adversely impacted Pimephales promelas 
and Hyalella azteca (~300 ppm Cu in sediment = 0.010 and 0.047 ppm Cu in overlying 
water). Sediment concentrations of 1,905 ppm Cu (0.57 ppm in overlying water = 0.135 
ppm Cu in pore water) acutely impacted C. tentans. While overlying water concentrations 
were most important in the intoxication of C. dubia, D. magna, P. promelas and H. 
azteca, it is believed that the primary media controlling the toxicity of copper sulfate to 
C. tentans was the sediment itself. The media which intoxicates any given organism is 
probably that which the organism has the most contact with (Suedel et al, 1996 and 
Bennett and Cubbage et al, 1992).  
 
Factors that govern toxicity of copper to aquatic animals include water hardness, water 
alkalinity, pH and apparent complexing capacity due to the presence of inorganic and 
organic copper chelating agents. Due to this very complex detoxification process within a 
water body it is almost impossible to predict the toxicity of copper compounds in the 
natural environment from laboratory data. “It can be concluded that data from toxicity 
tests with copper in which natural surface waters are used for dilution purposes cannot 
define the true toxicity of copper or have application to other natural waters except when 
the concentration of the toxic chemical species [Cu2+, CuOH+, Cu(OH)2 and Cu2(OH)2

+] 
are known” (Brown et al, 1974). Tables 8A and 8B show that chelation capacity due to 
water hardness, alkalinity and the presence of both natural and synthetic organic chelators 
may have a strong impact on the toxicity of copper within a test system. Presumably, 
similar effects will be observed within a natural water body. The most important 
inorganic chelation agents include hydroxides, cyanates, carbonates, chlorides, sulfates, 
sulfides, phosphates and nitrates. The most important natural organic chelating agents 
include dissolved amino acids, amino sugars, polypeptides, glycine and other amino 
acids, citric acid, oxalate, humic substances (fulvic acid and humic acids), alcohols, ureas 
and sewage effluent. Synthetic chelating agents, which may be effective in removing 
cupric copper from water, include EDTA, NTA, TRIS, TPP, NTI, HEPES, TEA, MEA 
and EDA. Various sediment types may also effectively adsorb cupric copper including 
kaolinite clay, illite clay, montmorilonite clay and peat through a cation exchange 
process. Adsorption by chelating agents is generally highest under high pH conditions 
when the water is hard and the alkalinity is high. However, while cupric copper has a 
greater tendency to remain in solution at low pHs, it may also more readily participate in 
cation exchange reactions. The difficulty in ascertaining field toxicity from laboratory 
toxicity is indicated by data presented in Tables 8A and 8B. For example, the LC50 (0.01 
to 0.085) of inorganic copper salts to a variety of fish and invertebrates would range from 
less than, to approximately equal to, the typical 4-day weighted EEC (0.067 ppm Cu) 
after treatment with 0.125 ppm Cu in soft, low alkalinity water. However, the LC50 
(0.098 to 0.367 ppm) is much higher than this 4-day weighted EEC value in hard water 
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with high alkalinity. Fish and invertebrates that exhibit this trend include channel catfish, 
cutthroat trout, Chinook salmon, Streptocephalus probosideus (Branchiopod), 
Chironomus tentans (bloodworm) and Gammarus pulex (flea scud). Other species, like 
bluegill sunfish, Perciformes sp., golden shiner and mosquito fish, while more tolerant to 
inorganic copper salts in hard, high alkalinity water than in soft, low alkalinity water, are 
also fairly tolerant to inorganic copper salts in soft, low alkalinity water (LC50 = 0.147 to 
0.884 ppm Cu). These species would probably not be affected by inorganic copper salts 
in either soft low alkalinity water or hard, high alkalinity water after treatment with 0.125 
ppm Cu as copper sulfate. 
 
The commercial copper-complexes like Cutrine®, Copper Control® and Komeen® may 
also be impacted as to toxicity from the effects of pH, water hardness and alkalinity. For 
example, Cutrine® has an LC50 to rainbow trout of 0.2 ppm Cu under soft water 
conditions (44 ppm CaCO3) and an LC50 of 4.0 ppm Cu under hard water conditions 
(290 ppm CaCO3). Similar effects were noted with bluegill sunfish, and channel catfish; 
bluegill sunfish had respective LC50s of 1.2 to 7.5 ppm in soft and hard water; and 
channel catfish had respective Copper Control® LC50s of 0.051 and 1.878 ppm Cu in 
soft and hard water. Komeen® also had much lower LC50s (5.4 ppm versus 50.4 ppm 
Cu) in soft, low alkalinity water than in hard, high alkalinity water. The apple snail 
(Pomacea pludosa) had a Komeen® LC50 of 0.19 ppm Cu in very soft water (10 ppm 
CaCO3) and an LC50 of 1.10 ppm Cu in soft water [42 ppm CaCO3 (Table 8A)]. 
However, Masuda and Boyd (1993) found that fish should be able to withstand copper 
sulfate or the inorganic copper-complexes if the added copper concentration does not 
exceed 1% of the total alkalinity, and this is reflected in the label restriction and 
University Extension advice that indicates that copper herbicides should not be used if 
the hardness and particularly alkalinity is less than 50 ppm CaCO3. This is a reasonable 
precaution for copper products when they are used at application rates up to 0.5 ppm Cu. 
If higher concentrations are used, it may be advisable to restrict use to conditions where 
hardness and/or alkalinity are proportionately higher.  
 
Tables 18 and 19 note that the commercial copper-complexes do not appear to be 
particularly toxic to aquatic animals, relative to copper sulfate. For example, Komeen® is 
not acutely toxic to most species of fish when it is applied at labeled use rates. For 
example, the LC50 of Komeen® for bluegill ranges from 30 to 100 ppm Cu; the LC50 
for striped bass ranges from 320 to 344 ppm Cu; the LC50 for white perch is 496 ppm Cu 
and the LC50 for largemouth bass is 558 ppm Cu. For rainbow trout the LC50 for 
Komeen® is much lower than for other species, ranging from 0.076 to 4.6 ppm Cu. The 
differences of LC50 for a single species probably differs based on the water hardness, 
alkalinity and pH. The concentration of K-Tea™, Cutrine® and Copper Control® that is 
toxic to most species of fish ranges around 1.0 to 5.0 ppm Cu and they appear to be 
particularly safe in hard water. However, sensitive species like rainbow trout (LC50 = 
0.03 to 4.0 ppm Cu), striped bass (LC50 = 0.01 to 0.10 ppm Cu), brown trout (0.198 ppm 
Cu) and channel catfish in soft, alkaline water (0.051 ppm Cu) and ornamental pond fish 
(koi) may be adversely impacted by the commercial copper-complexes at typical use 
rates recommended for the control of algae (~0.2 to 1.0 ppm.) or Hydrilla verticillata 
(~0.5 to 1.0 ppm Cu). Even at the lower usage rates (0.2 ppm Cu at application = 4-day 
EEC = 0.11 ppm Cu), a sufficient safety factor is not available to protect the most 
sensitive species from acute exposure and the level of concern (0.1) is likely to be 
exceeded (RQ = 3.7 = 0.11 ppm/0.030 ppm for rainbow trout; RQ = 11 = 0.11 ppm/0.01 
ppm for striped bass; RQ = 0.56 = 0.11 ppm/0.198 ppm Cu for brown trout; and RQ = 2.2 
= 0.11 ppm/0.051 ppm for channel catfish in soft, low alkalinity water).  
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Although extensive data has not been collected on the toxicity of the commercial copper-
complexes to invertebrate species, the species that have been tested appear to be of low 
sensitivity to Cutrine® (LC50 = 4.8 ppm Cu for grass shrimp to 156 ppm for fiddler 
crab). Freshwater groups like ostracods, cladocerans, calanoids and cyclopids are not 
particularly sensitive to Cutrine® with LC50s that range from ~10 to ~16 ppm Cu in both 
very soft and very hard water. It is apparent that even the maximum use rate of Cutrine® 
(1.0 ppm Cu) should not acutely impact the tested invertebrate species.  
 
Komeen® plus diquat at 0.3 to 0.4 plus 0.3 to 0.4 ppm Cu should normally control the 
target weeds (Hydrilla verticillata and Myriophyllum spicatum) but not be harmful to 
insects, zooplankton and fish. This is demonstrated by a lack of harmful effects to sport 
fish and molluscs in the Guntersville Reservoir while control of the target vascular plants 
was successful (Bain and Boltz, 1992 and Rodgers et al, 1992). Cutrine® at 
concentrations up to 2.2 was not toxic to fish in microcosms in a pond in Franklin County 
(Wisconsin). Furthermore, Cutrine® plus endothall at concentrations of 2.2 plus 3.0 ppm 
was not toxic to resident fish populations. However, Cutrine® plus diquat at 2.2 plus 3.0 
ppm killed all indigenous fish within 1 day of application. It is unclear if this toxicity was 
due to the toxic effects of Cutrine® plus diquat or the combined effects of their toxicity 
and problems caused by an oxygen slump. Nevertheless, combined herbicide applications 
of 2.2 ppm Cutrine, 1.5 ppm endothall and 1.5 ppm diquat did not harm indigenous fish 
populations. It was further noted that while Cutrine®, at the applied concentrations, 
controlled algae. However, it did not have adverse impact on rooted vascular plants. The 
three combination applications controlled algae within 4 days of application and 
watermilfoil (Myriophyllum exalbesceus) within 12 to 24 days of application (Daniel, 
1972).  
 
Other field data indicate that copper sulfate at standard use rates (0.5 ppm copper sulfate 
= 0.125 ppm Cu) controls most algal species while sparing most aquatic vascular plants. 
However, these concentrations may eliminate invertebrates including crustaceans and 
largely annihilate fish from Lake Jesse (New York) or Lake Maracaibo (Venezuela). 
However, under most situations, a small number of fish will survive copper treatments 
(Smith, 1935 and de Zambrane, 1979). Because of the high toxicity of copper sulfate, the 
commercial copper-complexes or other aquatic herbicides including Aquathol®, 2,4-D 
DMA, 2,4-D BEE, triclopyr or diquat may be more appropriate choices for the control of 
aquatic vegetation. Although the Hydrothol® 191 label indicates that treatment rates of 
1.0 ppm a.e. should generally be safe to fish, field and laboratory data indicate that 
Hydrothol® 191 cannot be used safely at concentrations of 0.2 to 0.5 ppm when fish are 
present. Hydrothol® 191 is not effective in controlling Hydrilla verticillata at 0.5 ppm 
and this concentration of Hydrothol® 191 is known to cause extensive fish-kill in treated 
canals (Finlayson, 1980 and Giddings, 1999). The effects of Hydrothol® 191 appear to 
be particularly adverse under hard water conditions. Therefore, the use of a commercial 
copper-complex like Komeen®, K-Tea™ or Cutrine® is preferable to the use of 
Hydrothol® 191 in the control of Hydrilla verticillata, since these copper-complexes are 
less toxic to most fish species at standard labeled use rates, particularly in hard water. 
However, since the copper-complexes appear to be toxic to rainbow trout at 
concentrations typically encountered in the environment after treatment, the use of 
copper-complexes for Hydrilla control, when salmonids are present, is a questionable 
practice. 
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There is no published data on the chronic effects of the commercial copper-complexes. 
Twenty-eight days after treatment with copper sulfate, the time-weighted average 
concentration of copper in the water column would typically be one-tenth of the 
applications rate. Therefore, treatment rates higher than approximately 0.125 ppm Cu 
(28-day EEC = 0.0129 ppm Cu) could have adverse chronic impact on many species of 
fish and invertebrate species. Based on laboratory data, the chronic level of concern (1.0) 
would be exceeded when the NOEC, MATC or LOEC is exceeded by a 28-day time-
weighted average EEC of ~0.013 ppm Cu. Fish species that have chronic MATCs below 
0.013 ppm Cu include the bluntnosed minnow (Pimaphales notatus) in life cycle tests; 
Chinook salmon (Oncorhynchus tsawytscha) in early life stage and Coho salmon 
(Oncorhynchus kisutch) in downstream migration tests; rainbow trout (Oncorhynchus 
mykiss) in early life stage teratogenesis tests; brown trout (Salmo trutta) in immunity 
suppression tests; brook trout in 2-year life cycle, egg hatch and juvenile growth tests, 
and the blue gourami (Trichogaster trichopterus) in immunity response tests (Tables 12 
and 20). Invertebrate species that appear to be affected by chronic exposure to less than 
or equal to 0.013 ppm Cu include the operculate snail (Campolema decisum) in survival 
test; rotifer (Bosmia longirostris) in survival growth and maturation and reproduction 
tests; water fleas (Daphnia magna and Daphnia pulex) in life cycle survival, maturation 
and reproduction tests; scud (Gammarus psudolimnaeus) in survival and reproduction 
tests; pond snail (Physa integra) in survival tests, and seawater clam (Venerupis 
deussata) in unspecified chronic tests (Table 21). Marine and estuarine organisms may be 
chronically affected by concentrations of copper that occur naturally (Engle and Sunda, 
1979 and Brown, 1980). It also seems likely to Ecology that many species of freshwater 
fish and invertebrates could be affected chronically by copper concentrations that occur 
naturally, particularly in cases where the copper-complexing capacity is low. Natural 
concentrations of copper, or concentrations after equilibrium from a standard copper 
sulfate treatment, are often as high as 0.003 to 0.006 ppm Cu. Many species of fish may 
be affected acutely at these concentrations and a large number of species may be affected 
chronically by these concentrations. The state of Maine (1976) found the concentration of 
copper products that have effects on fish to be quite variable, with the most sensitive 
species affected at 0.002 ppm Cu and the least sensitive species affected at 2,000 ppm 
Cu. Very large and unacceptable number of species are potentially impacted by the acute 
and chronic effects of copper sulfate exposure. Whitaker et al (1979) and Horne and 
Goldman (1974) found that concentrations as low as 0.005 to 0.05 ppm Cu should be 
effective at controlling the most difficult specie of green algae like Aphanizomenon flos-
aquae and Anabaena flos-aquae which should spare many species of green algae, fish 
and aquatic invertebrates. These treatment rates will generally yield 28-day weighted 
EEC values of 0.00051 to 0.0051 ppm. These long-term exposure concentrations will 
generally not exceed the chronic level of concern for fish or aquatic invertebrates with the 
possible exception of downstream migration in Coho salmon, immune suppression in 
brown trout, life cycle reproduction in the water flea (Daphnia magna), reproduction in 
the scud (Gammarus pseudolimnaeus) and chronic effects on the saltwater clam 
(Venerupis deussata).  

 
While copper products have a tendency to bioaccumulate, they do not generally 
biomagnify as they travel up the food chain. As discussed previously, the 
bioconcentration by plants reaches up to 21,000-fold for algae and 54,000-fold for 
macrophytes with ~4,000 ppm being found in leafy and sago pondweeds (Janus et al, 
1989 in ACP, 1999 and Hanson and Stefan, 1984). Bioconcentration of copper also 
occurs in animals. Whole body bioconcentration factors as high as 23,000-fold are found 
in invertebrates, molluscs and annelids while bioconcentration factors as high as 6,000- to 
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14,000-fold have been noted in insects and crustaceans. Although whole body 
bioaccumulation of copper in fish range from 1- to 450-fold, very little copper 
accumulates in edible fish tissue. Concentrations of copper in edible catfish or trout 
muscle are not considered high enough to pose a threat to human health (Bohl et al, 1982 
and Griffin et al, 1997). However, field concentrations as high as 50 ppm Cu copper have 
been noted in whole fish (Rodgers et al, 1992).  The EPA (1985) believes that fish 
laboratory bioaccumulation studies and field accumulation studies on non-target 
organisms are not necessary due to a low octanol water/partition coefficient. 
Considerable bioaccumulation occurs in species that are low in the trophic level. 
However, copper is not believed to biomagnify as it travels up the food chain with typical 
concentration factors in fish (BCF =50) being 10- to 40-fold less than in their prey 
[phytoplankton and zooplankton (Krumholz and Foster, 1957)]. Depuration appears to be 
slow, at least in oysters, with only 37% of the maximum accumulated copper (~60 ppm, 
BCF = 1,200- to 6,000-fold) being eliminated in 7 weeks (Silva and Qasim, 1979). 
Laboratory studies with copper sulfate and Cutrine® indicated that juvenile rainbow trout 
(2.2 to 4.2 grams) did not accumulate significant amounts of copper from treatment with 
these products at concentrations ranging from 0.125 to 8.0 ppm Cu. The BCFs observed 
in these studies ranged from less than 1.0- to 6.8-fold and it is not likely that exposure to 
concentrations higher than 1.0 ppm would occur in the field, due to label restrictions 
(EPA, 1985). Bioaccumulation from treatment with the commercial copper-complexes 
also appears to be high. For example, fish and molluscs accumulated copper from 
Komeen® (0.4 ppm Cu) plus diquat (0.4 ppm c.e.) treatments at concentrations of 50 and 
83 ppm Cu, respectively, in 21 and 48 hours. Plants also accumulated copper from this 
treatment with 71 and 77 ppm Cu accumulating in the plant tissue in ~1 and 8 days, 
respectively. The maximum bioaccumulation from these treatments was 1,905-fold, 
2,166-fold and 1,860-fold in fish, molluscs and plants, respectively. It is unclear how 
these bioconcentration factors were calculated. The bioconcentration factors calculated 
by CSI in Table 4B were 1,765-, 5,511- and 4,732-fold, respectively, for fish, molluscs 
and plants (Rodgers et al, 1992). The tendency for bioaccumulation in bivalves, insects 
and crustaceans is somewhat higher with the bioconcentration factor ranging from 1,200- 
to 22,571-fold in oysters and freshwater clams (Silva and Qasim, 1979 and Graney et al, 
1983), 200- to 14,000-fold in insects and 80- to 6,000-fold in crustaceans (Janus et al, 
1989 in ACP, 1999). In most cases, the depuration half-life ranges from 13.36 days in 
fresh water molluscs to 7 weeks in the oyster. Studies have shown that it takes as long as 
79 days for green sunfish to depurate copper from their tissues after exposure to copper 
sulfate, although this species has very little tendency to bioaccumulate copper in its 
tissues (Demayo et al, 1982). Bioconcentration and residue levels in fish and aquatic 
invertebrate tissues, aquatic plants, terrestrial plants, and livestock are discussed in much 
greater detail in Sections 4.2.2.4 and 4.2.5.  
 
 Triangle Brand® Copper Sulfate Crystal may be applied by broadcasting the crystal 
directly on the surface from the shore or a properly equipped boat. It may also be injected 
into the water to be treated via a piping systems after it has been dissolved in dilution 
water or it can be applied by placing the copper sulfate crystals in a burlap bag or basket 
and dragging it through the water with a boat. It is recommended that the Earthtec® 
liquid copper sulfate product be poured directly from the commercial container into the 
water body to be treated; it should be applied at several application points to speed up 
dispersal. The commercial copper-complexes may be sprayed directly on the surfaces of 
water bodies to be treated; they should be appropriately diluted with water prior to 
application as indicated on the label. When Komeen®, Nautique™ or Clearigate® are 
sprayed on floating plant species, a nonionic surfactant and/or sticking agent may be used 
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to improve the spreading, penetration and/or sticking of the herbicide to the foliage. 
When the commercial copper-complexes are applied directly to the surface of the water, a 
polymeric agent may be added to the spray solution to control drift and improve sinking 
of the product to a level in the water column where it will be more effective. When the 
commercial copper-complexes are applied by subsurface injection, they may be applied 
in an invert emulsion which will aid in sinking. The emulsion will also aid in the release 
of Komeen®, Nautique ™ and Clearigate® at a rate fast enough to be quickly adsorbed 
by the plant tissues, but not so fast that it can be washed away from the treatment area. 
All of the liquid commercial copper-complexes may be applied with diquat (Reward®) at 
rates that are indicated on the labels for the control of Hydrilla verticillata, if water use 
restrictions specified on the diquat label are not an issue. In addition to diquat, other tank 
mixes are specified in the Komeen®, K-Tea™ and Nautique™ labels. For example, 
Komeen® may be applied with diquat, endothall (Aquathol®) or fluridone (Sonar® A.S.) 
for improved control of a variety of aquatic vascular plants. K-Tea™ may be applied with 
Komeen® or diquat for Hydrilla verticillata control when algae are growing as epiphytes 
on the surface of this plant. Nautique™ may be applied with diquat or fluridone for 
improved control of a variety of aquatic vascular plants. Diquat may typically be 
combined with commercial copper-complexes like Komeen®, Nautique™ or 
Clearigate® for the control of Hydrilla verticillata, pondweeds (Potamogeton spp.), 
naiad (Najas spp.), waterhyacinth (Eichhornia crassipes), Eurasian watermilfoil 
(Myriophyllum spicatum) and other weed species specified in the diquat and copper-
complex labels. In addition to Hydrilla verticillata, Komeen®, Nautique™ and 
Clearigate® may be used to suppress the growth of a variety of submerged and floating 
aquatic macrophytes. Since the spectrum of control for aquatic vascular plants differs 
from product to product, the labels should be consulted prior to use. Copper sulfate may 
be used to control Potamoteton folius and Potamogeton pectinatus when it is applied for 
at least 12 hours per day at concentrations of 0.05 to 0.11 ppm Cu. The primary use of 
copper sulfate, K-Tea™, Captain™, Clearigate®, Cutrine® is for the control of 
planktonic algae, filamentous (mat forming algae) and Chara/Nitella (macro-algae). 
However, Komeen®, and Nautique™ are mainly used to control Hydrilla and to suppress 
other aquatic vascular plants, but Clearigate® is also labeled for the control of many 
species of submersed and floating vascular plants. 
 
There have been very few cases where the copper products have been synergistic with 
other products. For example, diquat is synergistic with Cutrine®-Plus on the brown trout 
(Simonin and Skea, 1977), and a variety of fish species in the field (Daniel, 1972). 
Mixtures of parathion, diazinon and copper sulfate had synergistic effects on bluegill 
sunfish according to Macek (1975). Synergistic effects of these pesticides may be 
important when they are applied separately to control different pests, or accidentally 
introduced to the aquatic environment due to misapplication, overspray or runoff. 
Mixtures of zinc and copper at ratios of 6:1 behave synergistically when the 
concentrations of total applied metal were high (10 to 40 ppm). However, this mixture is 
not likely to be synergistic at concentrations that are likely to be found in the 
environment [<4 ppm (Loyd, 1961)]. The anionic surfactants ABS and LAS have a better 
than additive toxicity against rainbow trout when mixed with copper sulfate octahydrate, 
but mixtures of nonionic surfactants like nonylphenol ethoxylate with copper sulfate 
octahydrate are not synergistic on this species (Calamari and Marchetti, 1973). More 
detail on the effects of copper sulfate and Cutrine® with other pesticides (as synergistic, 
antagonistic, cumulative or additive effects agents) can be found in Section 4.2.4.  
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It is not entirely understood how copper products may synergize or be synergized by 
other pesticidal products. However, both diquat and cationic surfactants may synergize 
the effects of copper by improving the rate of copper uptake (Calamari and Marchetti, 
1973; Sutton, 1970 and Pringle and Anderson, 1980). High concentrations of copper can 
also inhibit electron transport, which may be important in the oxidative detoxification of 
various organic pesticides molecules. Although copper is an electron transport inhibitor 
with potential to inhibit various cytochromes, including microsomal fraction oxidases 
(MFOs), very few cases of synergism have been documented. However, since copper 
may be an MFO inhibitor, the presence of accelerators/surfactants, other “inerts”, or other 
pesticides in either tank mix situations with copper products or incidental exposure from 
treatment with other pesticides may increase the potential for damage to the biochemistry 
or physiology of fishes. These potentiating effects could increase acute or chronic (early 
life-stage) toxicity or increase the biochemical or pathological effects of copper in fish or 
invertebrates exposed to sub-acute dosages.  
 
Copper exposure has caused a number of sub-acute effects. Bai and Shi (1999) found that 
the immune system of oysters was suppressed by even low concentrations of copper 
sulfate and higher concentrations appeared to irreversibly suppress their immune systems. 
Marcano et al (1997) found that the immune response of the marine polychaete worm 
(Eurythoe complanata) was suppressed after 7 days of exposure to 0.4 ppm Cu as copper 
sulfate. Previous work discussed by these authors indicates that this immune suppression 
occurs at concentrations of copper sulfate as low as 0.2 ppm Cu. Donaldson and Dye 
(1975) found that the plasma corticol steroid concentrations in yearling sockeye salmon 
was significantly higher after exposure to a range of copper sulfate concentrations from 
0.00635 to 0.635 ppm and the higher concentrations of copper caused 100% mortality 
after exposure for 8 to 24 hours. The immune system of brown trout was suppressed after 
38 weeks of exposure to 0.0029 ppm Cu (Harrison, 1986) and in early life stage studies, 
teratogenesis was caused by exposure of rainbow trout eggs to <0.001 ppm Cu (Birge and 
Black, in Harrison, 1986). Decreases in the plasma levels of glutamate oxaloacetic 
transaminase occurred in the plasma of brook trout after exposure for 1 year to 0.017 ppm 
Cu (McKim et al, 1983 in Harrison, 1986). Respiratory distress and a cough response 
occurred in rainbow trout after exposure to 0.06 ppm Cu (Seller et al, 1975 in Harrison, 
1986). Lorz and McPherson (1976) found that Coho salmon exposed to Cu ranging from 
0.005 to 0.030 ppm had increased mortality in seawater challenge tests and decreased 
downstream migration of yearling smolts. While the effect of 0.005 ppm Cu was 
minimal, the effect increased with increasing dosage, and concentrations (0.010 ppm Cu) 
caused ~40% mortality in a seawater challenge test and 30% to 40% decreased 
downstream migration. Mortality in seawater challenge tests occurred with only 6 days 
exposure in treated freshwater and downstream migration was severely inhibited by 
chronic (165-day) exposure to copper chloride. However, exposure for as little as 3 days 
to 0.030 ppm Cu decreased downstream migration by 48%. Similar effects on the ability 
of Atlantic salmon to run and be attracted to home stream water occurred at a 
concentration of ~0.038 ppm Cu (Sutterlin and Gray, 1973 and Geckler et al, 1976 in 
Klaprat et al, 1992). The blood chemistry of rainbow trout was altered when they were 
exposed to 0.5 ppm copper sulfate, and this was accompanied by histopathological 
damage (Williams and Wooten, 1981). Very low levels of copper sulfate (0.05 ppm) 
damaged the nasal olfactory receptor neuron in rainbow trout after only 3 hours of 
exposure (Starcevic and Zielinski, 1997). Low levels of copper (0.18 ppm) damaged the 
gills of winter flounder after 29 days of exposure and similar concentrations of copper 
sulfate damaged the gills of the common carp after only 14 days of exposure (Baker, 
1969 and Karan et al, 1998). Avoidance behavior occurred in rainbow trout (0.0001 ppm 
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Cu), Japanese eel (0.001 ppm), and Atlantic salmon (~0.005 ppm Cu) but only occurred 
at much higher concentrations in the goldfish (0.025 to 10 ppm) and mayfly (0.1 ppm) 
(Zhu, 1990; Folmar, 1978 and Folmar, 1976).  
 
Accelerators and thickening agents are rarely used with herbicides sprayed directly on the 
surface of a water body, but some applicators and scientists believe that surfactants like 
CideKick® and X-77® improve effectiveness and should be used with liquid commercial 
copper-complexes like Komeen®, Clearigate® and Nautique™ when surface (floating) 
weed control is necessary (Getsinger, 2000 personal communications). A thickener like 
Nalquatic® or Polysar® will often be used to allow a subsurface application to sink down 
into the water column where it will be most effective against rooted aquatic macrophytes. 
If the herbicide is sprayed on the surface, thickeners also control potential drift.  
Although all adjuvants registered for use with aquatic herbicides should be safe to fish 
and other aquatic animals when used according to the label, they are not without risk to 
aquatic life (Watkins et al, 1985). Their 96-hour toxicity (LC50) ranges from 0.96 ppm to 
>1,000 ppm. In lakes and ponds with reasonable depth, dilution should prevent toxic 
effects from occurring due to the use of additives. This is particularly true if the control 
measure is a spot or margin treatment. A more detailed discussion of the effects of 
adjuvants can be found in Section 4.2.4 and in Table 9. Care should be taken that only 
non-ionic surfactants are used, since ionic surfactants may react with copper sulfate and 
copper-complexes to decrease their effectiveness or damage sensitive animal biota. 

 
4.3.2.1 Acute Effects on Aquatic Animals 
 

• Acute effects on fish 
 

Toxicity information indicates that commercial aquatic vegetation control products 
containing copper may be highly toxic to sensitive fish species. Copper sulfate and 
other inorganic copper salts may be very toxic at concentrations typically used to 
control algae and susceptible aquatic macrophytes (Tables 2 and 18). Although 
copper sulfate pentahydrate may be used at concentrations of up to 4 ppm (1.0 ppm 
Cu), more typical use rates are 0.5 ppm (0.125 ppm Cu). Use of copper sulfate at 
typical use rates results in 4-day mean EEC values that are approximately one-half of 
the application rate. Treatments at 0.1 to 0.5 ppm Cu will be toxic to many aquatic 
species. This is because the 96-hour LC50 for many environmentally relevant fish 
species are less than 0.25 ppm Cu. These species include the emerald shiner 
(Notropis atherinoides LC50 = 0.025 ppm), rainbow trout (Oncorhynchus mykiss 
LC50 = 0.034 to 0.135 ppm Cu), steelhead trout (O. mykiss = 0.017 to 0.034 ppm 
Cu), Chinook salmon (Oncorhynchus tshawytscha LC50 = 0.019 to 0.032 ppm Cu), 
striped bass (Morone saxatilis LC50 = 0.025 to 0.155 ppm Cu), summer flounder 
(Paralichtys dentatus LC50 = 0.028 to 0.047 ppm), fathead minnow in soft water 
(Pimephales promelas LC50 = 0.0125 to 0.023 ppm Cu) and northern squawfish 
(Ptychocheilus oregonensi LC50 = 0.018 ppm Cu). The LC50 for the most sensitive 
species (cutthroat trout) ranges from 0.016 ppm Cu in soft, low alkalinity water to 
0.37 ppm Cu in hard, high alkalinity water. However, some species appear to be very 
tolerant of copper sulfate and other inorganic copper salts; e.g., the American eel 
(Anguilla rostrata LC50 = 2.87 to 6.4 ppm Cu), Hamilton’s carp (Cirrhina mrigala 
LC50 = 1.5 ppm Cu), mosquito fish in hard water (Gambusia affinis LC50 = 0.81 to 
8.18 ppm Cu), bluegill sunfish in hard water (Lepomis macrochirus LC50 = 7.3 ppm 
Cu), pumpkinseed sunfish in hard water (Lepomis gibbosis LC50 = 2.4 ppm Cu), 
Perciformes sp. in hard water (LC50 = 2.55 ppm Cu) and fathead minnow in hard 
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water (Pimephales promelas LC50 = 1.45 ppm Cu). Many of the species of fish that 
are tolerant to copper sulfate in hard water are very sensitive to it in soft water. 
Because of the high toxicity, non-biodegradability, non-selectivity and unpredictable 
toxicity in the aquatic environment (fish LC50s range from 0.002 to 2,000 ppm for 
copper products), the state of Maine (1976) has recommended that the application of 
copper compounds for the control of algae be discontinued. This is probably an over 
reaction since the toxicity of the commercial copper–complexes is much less than 
that of copper sulfate to most fish species. A more measured response from de 
Zambrane (1979) indicates that copper sulfate should not be used to control the 
eutrification process in Lake Maracaibo (Venezuela) because of its toxicity to fish 
and invertebrates. 
 
Based on these LC50s, copper sulfate can be placed in the ecotoxicological risk 
categories as follows: very highly toxic in soft, low alkalinity water (LC50 = <0.1 
ppm) for channel catfish, striped bass, cutthroat trout, rainbow trout, Coho salmon, 
steelhead trout, Chinook salmon, fathead minnow, and blue gourami; highly toxic in 
intermediately hard, intermediately alkaline water (LC50 = 0.10 to 1.0 ppm) for 
longfin dace, chisel mouth, goldfish, rainbow darter, orangethroat darter, mosquito 
fish, brown bullhead, channel catfish, golden shiner (Notemigonus crysoleucas), 
cutthroat trout, and guppy; and moderately toxic in intermediate to hard, intermediate 
to high alkalinity water (LC50 =1.0 to 10.0 ppm for Hamilton’s carp), mosquito fish, 
bluegill sunfish, pumpkinseed sunfish, Perciformes sp., white perch, fathead minnow 
and checkered barb (Punctus ticto). Copper sulfate would be placed in the highly 
toxic category for all tested species of marine and estuarine fish. Some species (i.e. 
American eel) that were tolerant of copper sulfate even in soft water, place copper 
sulfate in the moderately toxic category even though it was tested in soft water. 
Copper sulfate can be placed in the highly toxic category for channel catfish and 
cutthroat trout even though these species were tested hard in highly alkaline water. 
To classify the toxicity of copper sulfate to other species of fish, please consult Table 
1 and compare the guideline to Tables 2 and 18. The risk category classifications in 
Table 1 do not mean copper sulfate will or will not have an adverse impact to fish 
when they are exposed to the expected environmental concentration. This 
determination of risk compares the general toxicity of copper sulfate with other 
registered pesticides. Based on this comparison, copper sulfate is very highly toxic to 
moderately toxic to most species. However, based on the data presented by the state 
of Maine, copper products could be classified as very highly toxic (LC50 = <0.1 
ppm), highly toxic (0.1 to 1.0 ppm), moderately toxic (LC50 = 1.0 to 10.0 ppm), 
slightly toxic (10.0 to 100.0 ppm) and practically non toxic (LC50 = >100.0 ppm) to 
certain species of fish.  
 
The labeled application rate for copper sulfate in the United States to control algae is 
0.0625 to 1.0 ppm Cu. However, Gangstad (1986) recommends a single treatment in 
static water that ranges from 0.1 to 0.4 ppm Cu and a single treatment in flowing 
water ranging from 0.5 to 15.0 ppm Cu. Various authors (Smith, 1935; Whitaker et 
al, 1978 and Gangstad, 1978) have noted that the toxicity of copper sulfate varies in 
its field effects. Treatments as low as 0.125 ppm Cu (0.5 ppm copper sulfate) 0.250 
ppm Cu (1.0 ppm copper sulfate) and 1.0 ppm Cu (4.0 ppm copper sulfate) can either 
completely destroy fish populations or leave them unaffected. The reasons for this are 
not entirely clear but copper sulfate toxicity is certainly affected by the indigenous 
fish species present, the pH, hardness, alkalinity and apparent copper-complexing 
capacity of the water as well as sediment type and amount. In general, the laboratory 
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toxicity data cannot effectively predict whether or not a particular species of fish will 
be safe when a particular water body is treated with copper sulfate. For example, 
Buckley (1983) found that sewage treatment plant effluent, which had a high 
apparent copper-complexation capacity (0.196 ppm), protected juvenile Coho salmon 
from higher concentrations of copper sulfate (LC50 = 0.286 ppm Cu versus 0.164 
ppm Cu) than river water that had a lower apparent copper-complexation capacity 
(0.083 ppm). However, when the LC50 was based on the Cu2+ concentration detected 
in the water, it did not differ significantly in sewage treatment plant effluent (LC50 = 
0.022 ppm Cu) and river water (LC50 = 0.017 ppm Cu). This observation validates 
the observations of Brown et al (1974) who noted that “Because of the variable 
degree and nature of copper-complexing which will occur when raw surface waters 
are used for dilution purposes in toxicity tests, such tests cannot serve to define the 
‘true’ toxicity of copper (which will often be grossly underestimated) nor have 
application to waters other than those being used, unless information is obtained on 
the concentrations at which the toxic species of copper are present.” Further examples 
of the effects of chelating agents like glycine, humic acid sewage effluent and 
suspended solids of humus on the toxicity of copper sulfate can be found in Brown et 
al (1974) and are summarized in Table 8B. 
 
For most species of fish tested, the commercial copper-complexes like Komeen®, K-
Tea™, Cutrine® or Copper Control® appear to be much less toxic to fish than the 
copper sulfate products. Komeen® is practically non-toxic (LC50 = >100 ppm) to 
many species of fish including largemouth bass, striped bass, and white perch. 
Komeen® is slightly toxic to bluegill sunfish in soft water and golden shiner 
(Notemigonus crysoleucas) in hard water. However, its toxicity to rainbow trout 
would classify Komeen® as very highly toxic in soft water (LC50 = <0.1 ppm) and 
moderately (LC50 = 1.0 to 10 ppm Cu) to slightly toxic (LC50 = 10 to 100 ppm Cu) 
in hard water. Application of Komeen® at the highest use rate (1.0 ppm Cu) will 
probably not adversely impact the fish biota in general. “However, when salmonids 
are present the use of Komeen® for Hydrilla control without extensive fish losses is 
questionable” (Finlayson, 1980).  
 
The use of K-Tea™ at concentrations of 0.4 to 0.5 ppm Cu in the absence or presence 
of diquat is unlikely to harm bluegill sunfish since the LC50 of K-Tea™ ranges from 
4.2 to 6.0 ppm Cu, which would classify K-Tea™ as moderately toxic. However, K-
Tea™ is highly toxic to rainbow trout in soft water (LC50 = ~0.03 ppm Cu). Since 
the use of Komeen® would be a questionable practice when salmonids are present, 
the use of K-Tea™ at a typical use rate (1.0 ppm Cu) when salmonids are present 
also seems to be a questionable practice. Furthermore, since the application of K-
Tea™ plus diquat at 4 gallons K-Tea™ formulation/acre (0.2 ppm) plus 2 gallons of 
diquat formulation/acre (0.2 ppm) is not effective in controlling Hydrilla 
verticillatum, the use of Komeen® at 0.5 to 1.0 ppm Cu to control this species would 
appear to be the preferred choice. Komeen® is also effective in controlling Egeria 
densa, presumably at similar concentrations (Myers and Stoner, 1974). 
 
Most species of fish also tolerate Cutrine® plus diquat at fairly high concentrations. 
However, Cutrine®-Plus would be classified as very highly toxic (LC50 = <0.1 ppm) 
for channel catfish, striped bass and rainbow trout in soft water. Cutrine® Plus would 
be classified as moderately toxic (LC50 = 1.0 to 10.0 ppm Cu) for Hamilton’s carp, 
mosquito fish, channel catfish, rohita carp (Labeo rohita) and various sunfish 
(Lepomis sp.) in hard water. It would appear that the use of Cutrine® at the 
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maximum use rate (1.0 ppm Cu) is unlikely to adversely impact most fish species 
since the 4-day EEC for this application should be approximately ~0.5 ppm Cu. 
Cutrine® appears to be particularly safe in hard water. Field studies indicate that 
Cutrine® may be used at concentrations up to 2.2 ppm without acute toxicity to many 
indigenous fish species. However, combinations of Cutrine® plus diquat at 2.2 plus 
3.0 ppm are toxic in the field to many indigenous fish species (Daniel, 1972). 
Simonin and Skea (1977) further recommended that a significant safety factor would 
not occur on brown trout unless the application rate of Cutrine® plus diquat does not 
exceed 0.028 Cu plus 0.66 ppm c.e. 
 
The risk quotient level of concern of 0.1 is exceeded with copper sulfate with many 
of the fish species tested. Even in the case where a safety factor may not be necessary 
and an RQ of 1.0 is adequate for protection of the fish biota, it seems unlikely that 
copper sulfate can be used safely to control algae species. In some field situations 
concentrations of copper sulfate as high as 0.2 ppm or 1.0 ppm Cu for pondweed or 
Hydrilla verticilatta control, respectively, do not appear to harm resident fish 
populations. However, in other situations, concentrations of copper sulfate typically 
used to control algae (0.125 ppm Cu to 0.250 ppm Cu) appear to completely 
eliminate resident fish populations, particularly when sensitive species like rainbow 
trout are present (Smith, 1935; de Zambrane, 1979; Gangstad, 1978; Gangstad, 1986 
and Whitaker et al, 1978). Nevertheless, Komeen®, Cutrine® and K-Tea™ and 
Copper Control® do not pose a high risk to most species of fish. However, sensitive 
species like salmonids may be at high risk from exposure to the commercial copper-
complexes when they are used at the maximum use rate (1.0 ppm Cu). This 
conservative approach will avoid the possibility of damaging the fish biota with 
copper sulfate or the commercial copper-complexes. However, Masuda and Boyd 
(1993) have indicated that copper sulfate and the commercial copper-complexes 
should be safe to fish if the applied copper concentration does not exceed 1% of the 
alkalinity found in treated water bodies. At this relative alkalinity, copper as Cu2+, 
CuOH+, Cu2(OH)2+ or Cu (OH)2 should be rapidly complexed with carbonate and 
therefore, detoxified. 

 
• Acute effects on aquatic invertebrates 
 

Toxicity information indicates that commercial aquatic vegetation control products 
containing copper may be highly toxic to sensitive aquatic invertebrates. Copper 
sulfate and other inorganic copper salts may be very toxic at concentrations typically 
used to control algae and susceptible aquatic macrophytes (Tables 2, 8A and 19). 
Although copper sulfate pentahydrate may be used at concentrations of up to 4 ppm 
(1.0 ppm Cu), more typical use rates are 0.5 ppm (0.125 ppm Cu). The use of copper 
sulfate at typical rates results in 4-day mean EEC values that are approximately one-
half of the application rate. Treatments at 0.1 to 0.5 ppm Cu will be toxic to many 
aquatic species; that is, the 48- or 96-hour LC50 for many sensitive, environmentally 
relevant aquatic and invertebrate species are much less than 0.25 ppm. Some of these 
species are the water flea (Ceriodaphnia dubia LC50 = 0.0027 ppm Cu), bloodworm 
(Chironomus sp. LC50 = 0.03 ppm Cu), mayfly (Cloen dipterum LC50 = 0.053), 
fresh water clam (Corbicula fluminae LC50 = 0.04 ppm and C. manilensis larvae 
LC50 = 0.025ppm Cu), Pacific oyster embryos (Crassostrea gigas LC50 = 0.0053 to 
0.0115 ppm Cu), Eastern oyster embryo (Crassostrea virginica LC50 0.015 to 0.128 
ppm Cu) various daphnid species (Daphnia sp. LC50 = 0.005 to 0.060 ppm Cu), scud 
(Gammarus pseudolimnaeus LC50 = 0.020 ppm Cu), flea scud in soft water 
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(Gammarus pulex LC50 = 0.021 to 0.041 ppm Cu) in hard water, amphipod in soft 
water (Hyalella azteca LC50 0.065 ppm Cu), pond snail in hard water (Lymnea 
acuminata LC50 = 0.034 ppm Cu), seawater bivalve (Mya arenaria LC50 = 0.039 
ppm Cu), northern crayfish embryo (Orconectes rusticus LC50 = 0.250 ppm Cu), 
hydromedusa (Phialidium sp. LC50 = 0.036 ppm Cu), arrow worm (Sagita hispida 
LC50 = 0.043 to 0.460 ppm Cu), branchiopod in soft water (Streptochephalus 
proboscideus LC50 = 0.03 to 0.0525 ppm Cu) and seawater copepod (Tisbe 
holothiriae LC50 = 0.080 ppm Cu). Water hardness and alkalinity have a strong 
influence on the toxicity of inorganic copper products. For example, the toxicity 
(LC50) of inorganic copper salts to Gammarus pulex is 0.021 to 0.041 ppm Cu in soft 
water and 0.109 to 0.183 ppm Cu in hard water. The toxicity (LC50) of copper 
sulfate pentahydrate to Streptochephalus proboscideus is 0.03 ppm Cu in 
aggressively soft water (8-10 ppm CaCO3) and 0.13 ppm cu in very hard water (225 
to 245 ppm CaCO3). However, some species appear to be tolerant to copper sulfate 
and other inorganic copper salts; e.g., stonefly (Acroneuria lycorias LC50 = 8.3 
ppm), annelid worm (Aleosoma headleyi LC50 = 1.65 ppm Cu), the eggs of a 
mollusc (Amicola sp. LC50 = 9.3 ppm Cu), caddisfly (Trichopera LC50 = 6.2 ppm 
Cu), opercualte snail (Campeloma decisum LC50 = 1.6 ppm Cu), third and fourth 
instars of the blood worm (Chironomus tentans LC50 = 1.5 to 1.7 ppm Cu), copepod 
species (Cyclops sp. LC50 = 2.5 to 57.3 ppm depending on species and water type), 
damsel fly (Odonata LC50 = 4.6 ppm Cu), northern crayfish adults (Orconentes 
rusticus (LC50 = 3.0 ppm Cu), freshwater rotifer (Philodina acuticornis LC50 = 1.0 
ppm), red swamp crayfish in hard water (Procambarus clarkii LC50 = 9.0 ppm Cu), 
and seawater bivalve (Rangia cuneata LC50 = 8.0 ppm Cu). Both de Zambrane 
(1979) and Smith (1935) found that typical treatment rates (0.5 ppm copper sulfate 
pentahydrate = 0.125 ppm Cu) will kill crustaceans and other invertebrates under 
both laboratory and field conditions. And de Zambrane (1979) stated that copper 
sulfate should not be used to control the eurification process in Lake Maracaibo 
(Venezuela) because of its toxicity to fish and invertebrates. 
 
Based on the LC50s presented in Tables 2 and 19, copper sulfate can be placed in 
ecotoxicological risk categories as follows: 1) ~26 species categorize copper sulfate 
and other inorganic copper compounds as very highly toxic (LC50 = <0.10 ppm); 2) 
~35 species categorize copper sulfate and other inorganic copper compounds as 
highly toxic (LC50 = 0.1 to 1.0 ppm); and 3) ~13 species categorized copper sulfate 
and other in organic copper salts as moderately toxic (LC50 = >1.0 to 10.0 ppm Cu). 
However, copper sulfate and other inorganic copper salts could not be classified as 
slightly toxic or practically non-toxic with any of the test species. For the names of 
the species that categorize copper sulfate as very highly toxic, highly toxic or 
moderately toxic, please consult Table 1 and compare the guideline to Tables 2, 8A 
and 19. The risk category classification in Table 1 does not indicate that copper 
sulfate will or will not have adverse impact to aquatic invertebrates when they are 
exposed to the expected environmental concentration (4 day EEC = ~ 0.05 to ~0.25 
ppm Cu). This determination of risk compares the general toxicity of copper sulfate 
with other registered pesticides. Based on this comparison, copper sulfate is very 
highly toxic to moderately toxic to most test species of aquatic invertebrates. 
 
The labeled application rate for copper sulfate in the United States to control algae is 
0.0625 to 1.0 ppm Cu. However, Gangstad (1986) recommends a single treatment in 
static water ranging from 0.1 to 0.4 ppm Cu and a single treatment in flowing water 
ranging from 0.5 to 15.0 ppm Cu. Various authors (Smith, 1935; de Zambrane, 1979 

Supplemental Environmental Impact Statement Assessments of Aquatic Herbicides: 
DRAFT Volume 6 – Copper, Section 4 – ENVIRONMENTAL EFFECTS 

Vol. 6, Sect. 4 – Page 128 



 

and Taub et al, 1976) have found that copper sulfate varies in its field effects. 
Treatments as low as 0.125 ppm Cu (0.5 ppm copper sulfate) completely destroy 
crustacean and other invertebrate populations. However, in microcosm studies, Taub 
et al found that while population growth in Daphnia pulex was delayed when 
microcosms were treated with 0.5 ppm Cu, the maximal populations were, in some 
case, higher than in untreated ponds. This observation held true for the 0.5 ppm Cu 
treatment at the University of Washington but not at the Duluth, Minnesota site. The 
population growth was delayed at the Duluth site and the maximum populations of 
Daphnia pulex were less in the 0.5 ppm Cu treated microcosms than in the untreated 
controls. However, population growth was further delayed when it occurred at 
treatment rates of 1.0 and 2.0 ppm, and the maximum populations obtained were 
typically much less than the maximum populations in the 0.5 ppm treatment and the 
untreated control. In some cases, the populations in the microcosms treated with 1.0 
and 2.0 ppm Cu did not increase during the 60-day course of the study, and were 
essentially zero at all evaluation periods. In general, the laboratory toxicity data 
cannot effectively predict whether or not a particular species of aquatic invertebrate 
will be safe when a particular water body is treated with a particular concentration of 
copper sulfate. For example, the toxicity of copper to Cyclops sp. in laboratory water 
(LC50 = 2.5 ppm Cu) was 9- to 23-fold lower than the toxicity in natural pond water 
(LC50 = 22- 57.3 ppm Cu). This is “because of the variable degree and nature of 
copper-complexing which will occur when raw surface waters are used for dilution 
purposes in toxicity tests, such tests cannot serve to define the ‘true’ toxicity of 
copper (which will often be grossly underestimated) nor have application to waters 
other than those being used, unless information is obtained on the concentrations at 
which the toxic species of copper are present” (Brown et al, 1974). 
 
Only one of the commercial copper-complexes was tested against several species of 
aquatic invertebrates. However, Cutrine® has a fairly low toxicity to the tested 
species of aquatic invertebrate. The toxicity (LC50s) of Cutrine® ranged from ~10 to 
20 ppm Cu for Cypria sp., Alonella sp., Diapotomus sp. an Eucycops sp. and Penaeus 
stylirostris. The most sensitive species was Palemonetes pugio, with a 96-hour LC50 
of 4.8 ppm Cu; and the least sensitive species was Uca pugilator, with a 96-hour 
LC50 of 156 ppm Cu.  
 
The risk quotient level of concern of 0.1 is exceeded for copper sulfate with many of 
the aquatic invertebrates. Even in the case where a safety factor may not be necessary 
and an RQ of 1.0 is adequate for protection of the invertebrate biota, it seems 
unlikely that copper sulfate can be used safely to control algae species. In the few 
field cases that were cited, standard use rates of copper sulfate (0.5 ppm 
CuSO4•5[H2O] = 0.125 ppm Cu) destroyed crustaceans and other invertebrates in 
Lake Jesse (New York) and Lake Maracaibo [Venezuela (Smith, 1935 and de 
Zambrane, 1979)]. De Zambrane found that due to its toxicity to both fish and 
aquatic invertebrates, copper sulfate should not be used to control the eutrification 
process. While de Zambrane’s comments were specific to the Lake Maracaibo 
situation, it is likely that this also applies to other situations. However, although little 
work has been done with the commercial copper-complexes on aquatic invertebrates, 
the LC50s obtained with Cutrine® (LC50 = 4.8 to 156 ppm Cu) indicate the use of 
Cutrine® at the maximum use rate (1.0 ppm Cu) should have little or no effect on 
most species of invertebrates. For example, even with the most sensitive species 
(grass shrimp = Palemonetes pugio), the level of concern (0.1) is not significantly 
exceeded; RQ = 0.11 = 0.54ppm/4.5 ppm. Therefore, it seems unlikely that the 
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aquatic invertebrate biota would be adversely impacted by Cutrine®. Furthermore, in 
field studies, treatment with Komeen® plus diquat at 0.4 plus 0.4 ppm or other 
herbicides like 2,4-D DMA, endothall or fluridone did not have a harmful effect on 
either fish or molluscs. Therefore, the margin of safety on non-target species such as 
insects, zooplankton and fish should be high when these products are used to control 
aquatic plants (Rodgers et al, 1992).  

 
4.3.2.2 Chronic Effects of Diquat on Aquatic Animals 
 

• Chronic and sublethal effects on fish and amphibians 
 

The amount of chronic or early life-stage effect data for copper products on aquatic 
animals (fish) is confined to copper sulfate and other inorganic copper salts (Tables 
2, 12 and 20). Most studies deal with early life-stage (egg, egg to sac-fry or egg to 
free-swimming fry). There are studies that deal with the early life stage (egg to fry) 
and adult long-term toxicity of inorganic copper salts to zebrafish, common carp, 
channel catfish, bluegill sunfish, rainbow trout, Chinook salmon, fathead minnow, 
bluntnosed minnow, winter flounder, Atlantic salmon, brown trout, Eastern brook 
trout, lake trout and blue gourami. Early life-stage (egg to fry) and life cycle (spawn 
to spawn) toxicity of copper sulfate was investigated with Eastern brook trout, 
fathead minnow, bluntnosed minnow, Chinook salmon, Atlantic salmon, bluegill 
sunfish, suckers (Castostomus sp. and Castonomus commesoni), Northern pike, and 
channel catfish. Concentrations of copper sulfate that effect fish in early life stages 
and life cycle studies included rainbow trout (LOEC = <0.001 ppm Cu for 
teratogenesis), bluntnosed minnow (MATC = 0.0088 ppm Cu for unspecified effects 
during the life cycle), and Eastern brook trout (LOEC = 0.0045 ppm Cu for effects on 
egg hatch and juvenile weight during a life cycle test). Other species were less 
effected including suckers (MATC = 0.015 to 0.021 ppm Cu during chronic 60-day 
early life stage tests), Northern pike (LOEC = 0.060 ppm Cu in a 30-day chronic test 
on embryos and larvae), channel catfish (MATC = 0.016 ppm Cu in a 60-day chronic 
test on embryos and larvae), bluegill (MATC = 0.015 ppm Cu in a 90-day chronic 
test on embryos and larvae), Chinook salmon (LOEC = 0.021 to 0.070 ppm Cu in a 
4- to 14-week early life stage survival and growth test), fathead minnow (MATC = 
0.014 to 0.022 ppm Cu in life cycle and 30- to 90-day early life stage test with eggs 
and fry), Eastern brook trout (MATC = 0.031 ppm Cu in a 90-day early life stage 
test) and zebra fish (MATC = 0.051 ppm Cu in early life stage studies measuring egg 
hatch and spinal deformities in embryos).   
 
Inorganic copper salts also have sub-lethal effects on a variety of fish species that are 
unrelated to early life stages or the reproductive process. However, in most cases the 
concentrations that effect these processes are similar to or higher than the 
concentrations that effect early life stages and reproduction. For example, long-term 
(>14-day) LC50s were measured at 0.610 ppm Cu from Atlantic menhaden, 0.150 
ppm Cu for marine pin perch, 0.210 ppm Cu for croaker (Micropogan undualtus), 
and >0.037 ppm Cu for fathead minnow. Other effects included inhibition of the 
immune response in brown trout (LOEC = 0.0029 ppm Cu after 38 weeks of 
exposure), anorexia in Atlantic salmon (LOEC = 0.043 ppm Cu) and decreases in the 
plasma levels of glutamate oxaloacetic transaminase in Eastern brook trout (LOEC = 
0.017 ppm Cu). Conversely, the hematocrit, blood glucose levels, lactate, 
dehydrogenate levels, hydrobutyric dehydrogenase levels, glutamate-pyruvate 
transaminase levels and glutamate oxaloacetate transaminase levels all increased after 
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rainbow trout were exposed to 0.5 ppm copper sulfate; these biochemical signs of 
stress were accompanied by histopathological damage (Williams and Wooten, 1981). 
Other signs of stress have occurred in sockeye salmon exposed to copper at 
concentrations of 0.0635 ppm Cu for as little as 1 hour; the corticol steroid 
concentrations in this species increase by nearly 20-fold after this exposure. Exposure 
to very low concentrations of copper chloride (0.005 ppm Cu) for 165 days inhibits 
downstream migration in Coho salmon by 30% to 40%. Similar effects were noted in 
Atlantic salmon in which runs were blocked by 0.038 ppm Cu and similar 
concentrations reduced the effectiveness of home stream water as an attractant 
(Sutterlin and Gray, 1973 and Geckler et al, 1976 in Klaprat et al, 1992). This 
effective concentration for inhibiting olfactory response is backed up by data that 
shows that 0.05 ppm Cu as copper sulfate damages the nasal olfactory receptor 
neurons in rainbow trout after only 3 hours of exposure (Starcevic and Zielinski, 
1997). Histopathological effects on the gill tissue of winter flounder and goldfish 
were observed at concentrations of 0.180 and 0.25 ppm Cu after 29 days and 14 days 
of exposure, respectively (Baker, 1969 and Karan et al, 1998). Respiratory distress 
was also noted in rainbow trout exposed to 0.06 ppm Cu (Sellers et al, 1975 in 
Harrison, 1986). Avoidance behavior also occurred in rainbow trout, Japanese eel 
and Atlantic salmon at copper concentrations of 0.0001, 0.001 and ~0.005 ppm Cu 
(Zhu, 1990 and Folmar, 1976).  

 
Not all of the above listed studies are of adequate design to pass current EPA 
guidelines as early life-stage studies. The only well designed studies were those 
conducted by McKim and Benoit (1974 and 1971) on Eastern brook trout and by 
Benoit (1975) on bluegill sunfish. Other studies, which also appear to be adequate, 
were those conducted with fathead minnow and presented in Harrison (1986) and 
ACP (1999) and those conduced with Chinook (king) salmon by Hazel and Meith 
(1970). The other studies did not yield adequate information for evaluation of chronic 
effects either because the duration of the study was less than 28 days, or the mortality 
effects were high enough to interfere with the developmental effects that are most 
important in chronic studies.  
 
The 28-day EEC for copper will be quite low since applications at environmentally 
relevant rates will typically be at equilibrium or not be higher than the control within 
10 days of the original application, since the half-life under most use scenarios is 1 to 
2 days. Although formal calculations predict the long-term geometric mean EEC 
after 28, 40, 60, 90 and 365 days were not found in the literature, we have calculated 
these values for application rates of 0.125 and 0.5 ppm Cu, which are typical low and 
high use rates for copper sulfate. For the application rate of 0.125 ppm, the time-
weighted EEC values are 0.0128, 0.009, 0.006, 0.004 and 0.0010 ppm, respectively. 
For the application rate of 0.5 ppm Cu, the time-weighted EEC values are 0.052, 
0.036, 0.024, 0.016 and 0.0040 ppm, respectively. These EEC values were calculated 
assuming the referenced applications rates and a half-life of 2.0 days. Another 
approach to this problem is to assume that the concentration of copper in water at 
equilibrium will not substantially change for a long period of time. For example, 
Wagemann and Barica (1979) found that the steady state concentration of copper is 
0.0038, 0.0089, 0.007, 0.038, 0.071 and 0.087 ppm Cu, after treatment of 6 prairie 
pothole lakes at 0.048, 0.130, 0.140, 0.25 0.350 and 0.510 ppm Cu, respectively, as 
copper sulfate. Sanchez and Lee (1978) found that when no copper was added to 
Lake Monona (Wisconsin) for a number of years, the highest concentration of 
apparently dissolved copper was 0.0038 ppm Cu. However, if the Cu(OH)2 complex 
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was included in this concentration, the dissolved copper concentrations could be as 
high ~0.12 ppm Cu. Perhaps this copper species should be included since it is one of 
the species that is generally considered to be toxic. Gangstad (1986) added 0.002 to 
0.005 ppm Cu continuously for several years to control algae in the Charles Hansen 
Feeder Canal of the Colorado–Big Thompson project. It can be anticipated that the 
total copper concentration would be at least this high in this irrigation canal. In the 
Roza Main Canal of Sunnyside, Washington, copper equilibrium in treated water was 
reached in 1 to 3 days after treatment with copper sulfate, and this equilibrium was 
approximately equal to the pre-application background level of 0.001 to 0.002 ppm 
Cu (Nelson et al, 1969). EPA has noted that 28 days after treatment with copper 
sulfate at 0.4 ppm Cu, the concentration of copper in a cranberry bog in 
Massachusetts was 0.02 ppm Cu. This can certainly be considered the highest 
equilibrium concentration of copper that will typically be found in a copper sulfate 
treated agricultural impoundment. 
 
It is unlikely that long-term exposure to copper sulfate will be lethal to the species of 
fish tested since the lowest defined long-term LC50 is 0.150 ppm Cu for the marine 
pin perch and the maximum time weighted average EEC for 14 and 28 days is 0.010 
and 0.052 ppm Cu. However, the more sensitive species like zebrafish (MATC = 
0.051 ppm), suckers (60-day MATC = 0.015 to 0.021 ppm), channel catfish (60-day 
MATC = 0.016 ppm Cu), bluegill sunfish (90-day MATC = 0.015 ppm Cu), 
bluntnosed minnow (90-day MATC = 0.0088 ppm Cu), fathead minnow (30- to 90-
day MATC = ~0.020 ppm Cu), Chinook salmon (90-day MATC = <0.0074), rainbow 
trout (30-day MATC = 0.019 ppm), and Eastern brook trout (90-day LOEC = 0.0045 
ppm Cu) may be chronically impacted by long-term exposure to copper sulfate since 
the EECs for an application of 0.5 ppm Cu as copper sulfate is 0.048, 0.024 and 
0.016 ppm Cu for 30, 60 and 90 days, respectively. 

 
Chronic risk analysis for copper sulfate, while possible, may not be extremely useful 
because it is difficult to determine if the risk quotients generated by such analysis has 
any real utility. Engle and Sunda (1979) have noted that natural copper levels in 
marine or estuarine water may be high enough to adversely impact the hatch of 
Leiostomus xanthurus and Menidia menida when the apparent copper-complexing 
capacity is low. Furthermore, Harrison (1985 and 1986) has noted that the levels of 
copper found in the H.B Robinson (South Carolina) coolant water impoundment is 
high enough to reduce the population of bluegills and produce significant levels of 
structural deformities in the surviving fish.  
 
From the results presented by Demayo et al (1982), it is not clear if long-term 
exposure of fish to copper sulfate will typically produce chronic effects. The 
concentrations of copper that produced chronic effects in the field were generally 
higher than would typically be encountered from the continuous treatment of a canal 
or reservoir to control algae (0.005 to 0.02 ppm Cu). These concentrations were 
somewhat lower than the continuous concentrations typically required to control 
pondweed in canals or reservoirs [0.05 to 0.11 ppm Cu (Gangstad 1986)]. The typical 
concentration of copper sulfate used for a single treatment of static water to control 
algae ranges from 0.1 to 0.4 ppm Cu can be higher than the levels found to eliminate 
fish due to chronic field exposure. However, this concentration would be expected to 
dissipate to a time-weighted EEC concentration of not higher than 0.038, 0.019 and 
0.013ppm Cu in 30, 60 and 90 days, respectively. Bluntnosed minnows only spawn 
in areas where the concentration ranges from 0.035 to 0.077 ppm Cu (mean = 0.066 
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ppm Cu). Higher concentrations of Cu prevent spawning. A general effect of this 
copper stress is a 7-fold reduction in the number of fry that occur in the exposure 
area. Concentrations of copper after 28 days (0.041 ppm Cu) of dissipation may be 
high enough to prevent spawning in this species in some cases when concentrations 
were higher than 0.035 ppm Cu, although in most cases spawning at concentrations 
of ~0.04 ppm Cu seems likely. Demayo et al (1992) found that concentrations of 0.12 
ppm Cu added to a water body caused a number of species of fish to move out of the 
treated area. Other species congregate within the treated area, but only in parts of the 
stream where the copper concentration was less than 0.10 ppm Cu due to the influx 
of spring or tributary water. However, to determine if added copper will cause 
chronic effects in fish, it is essential to determine if the species of copper present are 
in the forms that are toxic to fish [Cu2+, CuOH+, Cu(OH)2 Cu2(OH)2

+, or Cu2 (OH)2]. 
Furthermore, this copper must be in a labile form that is biologically available. Total 
copper concentration and even total dissolved copper is not entirely relevant to 
toxicity if that copper is in a bound form that is not available for uptake by aquatic 
organisms. Fish also appear to be able to adapt to the presence of copper in the water 
body. Thus, a viable fishery often exists where it was thought that the concentrations 
of copper and/or zinc were too high. Further evidence of adaptation to copper sulfate 
was indicated by Dixon (1978 in Demayo et al, 1982). Dixon found that pre-exposure 
of rainbow trout to sub-lethal concentrations (0.095 to 0.14 ppm Cu) of copper for 21 
days significantly decreased the 144-hour LC50 in this species. However, pre-
exposure to copper concentrations of 0.033 ppm for 21 days increased the sensitivity 
of this species to copper. Furthermore, Lett et al, (1976) found that rainbow trout that 
initially exhibited growth retardation due to exposure to 0.075 to 0.225 ppm Cu 
recovered and returned to growth values that approached the growth in untreated 
control by the end of their 40 days exposure period.  

 
• Chronic effects on Invertebrates 

 
Data generated on life-cycle effects of copper products in invertebrates is confined to 
copper sulfate and other inorganic copper salts (Tables 2, 12 and 21). A number of 
life cycle tests have been conducted with various species of cladoceran including 
Ceridaphina dubia, Daphnia magna, D. ambigua and D. pulex. The post-sensitive 
tests on reproductive impairment gave an LOEC value that was 0.0032 ppm Cu in D. 
magna. The results from D. pulex were similar (LOEC = 0.005 to 0.049 ppm Cu). 
However, the results with D. ambigua (LOEC = 0.049 ppm Cu) and D. parvula 
(LOEC = 0.049 ppm Cu) indicate that these species are somewhat more tolerant to 
the effects of inorganic copper salts on their reproductive processes. Most other 
species were not as tolerant of inorganic copper salts (LOEC values ranged from 
0.0148 ppm Cu for the opercualte snail Campeloma decisum to 0.0229 ppm Cu in the 
cladoceran (Ceroidaphnia dubia). However, a few species were very sensitive 
including Gammarus pseudolimnaeus (LOEC = 0.0046 ppm Cu and MATC = 0.0036 
ppm Cu) and the decapod Oncorhynatus susticus (LOEC = 0.005 ppm Cu for 
growth).  

 
In studies done on Daphnia magna with water from a natural lake (Lake Superior), 
the LOEC and MATC for reproductive impairment was 0.035 and 0.028 ppm Cu. 
The difference in results from studies using laboratory water and natural waters may 
reflect the copper-complexing capacity in natural water, which may be higher than 
that found in laboratory water. These differences may also be due to the use of 
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different clades (strains) of Daphnia magna or differences in rearing practices typical 
to different laboratories.  
 
The life cycle NOEC, MATC and LOEC for Daphnia magna reproduction are 0.022, 
0.028 and 0.035 ppm, respectively, in natural waters. These values are well below the 
listed maximum expected exposure concentration (EEC) of 0.068 or 0.052 ppm Cu 
for 21 or 28 days, respectively, when a water body is treated with 0.5 ppm Cu as 
copper sulfate. However, lower treatment rates (0.125 ppm) may spare this species, 
since the 21- and 28-day time-weighted EEC values (0.017 and 0.013 ppm Cu) are 
significantly less than the MATC value (0.028 ppm Cu). However, the more sensitive 
species may be adversely impacted by the lower usage rates.  For example, the time-
weighted EECs for lower usage rates are 0.012, 0.010, 0.0057 and 0.0051 ppm Cu 
for, 30, 35, 63 and 70 days, respectively. These values exceed the MATCs or LOECs 
for Oncorhynatus susticus (LOEC = 0.005 ppm Cu for growth), Gammarus 
pseudolimnaeus (MATC 0.0089 ppm Cu for hatchling survival), G. Pseudolimnaeus 
(MATC = 0.0036 ppm Cu for reproduction) and Daphnia pulex (LOEC = 0.005 ppm 
Cu for brood size), respectively. Therefore, there is a strong possibility that copper 
sulfate, at application rates of 0.125 to 0.5 ppm Cu, would have adverse chronic 
impact on aquatic invertebrates.  
 
Chronic risk analysis for copper sulfate, while possible, may not be extremely useful 
because it is difficult to determine if the risk quotients generated by such analysis has 
any real utility. For example, marine and estuarine organisms like brine shrimp may 
be very susceptible to the effects of copper at concentrations that occur naturally in 
seawater, with reproductive effects occurring at concentrations that are 24,000 to 
156,000-fold lower than the concentrations that acutely effect brine shrimp (Browne, 
1980). However, it may be worthwhile to conduct a chronic risk assessment, 
assuming that the acute to chronic ratio (2.4) for all invertebrates is the same as that 
determined for the species listed in Table 12, with the exception of Campolema 
decisum, which is an outlier. Also excluded will be those acute to chronic ratios that 
are not defined; that is, those that are given as less than (<) or more than (>) values. 
A formal risk assessment in Section 4.3.2.5 supports the conclusion of this toxicity 
review. 
 
However, from the results presented by Demayo et al (1982), it is not clear if long-
term exposure of invertebrates to copper sulfate will typically produce chronic 
effects. The concentrations of copper that produced chronic effects in the field were 
generally higher than would typically be encountered from the continuous treatment 
of a canal or reservoir to control algae (0.005 to 0.02 ppm Cu). However, these 
concentrations were somewhat lower than the continuous concentrations used to 
control pondweed in canals or reservoirs [0.05 to 0.11 ppm Cu (Gangstad 1986)]. 
The typical concentration of copper sulfate used for a single treatment of static water 
to control algae ranges from 0.1 to 0.4 ppm Cu and can be higher than the levels that 
eliminate invertebrates due to chronic field exposure. However, this concentration 
would be expected to dissipate to a time-weighted EEC concentration of not higher 
than 0.038, 0.019 and 0.013 ppm Cu in 30, 60 and 90 days, respectively. Field data 
conducted with copper indicates that aquatic beetles (Psephenus sp.) and mayflies 
(Baetis sp. and Stenonema interuptum) and the isopod (Lirceus sp.) were eliminated 
from the aquatic community at Shayler Run (Ohio) when copper concentrations were 
either 0.066 or 0.12 ppm Cu. However, Chironomid midges normally dominated the 
invertebrate community when the concentration of copper ranged from 0.052 to 0.12 
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ppm. Furthermore, dragonflies, Stenelmis sp. (beetles) and Cheumatopsyche sp. 
(Tricoptera) attained maximum densities at copper concentrations of 0.066, 0.038 
and 0.038 ppm Cu, respectively. Maximum densities may have been obtained for 
each individual species at a specific copper concentrations because, at those 
concentrations, the dominant species was less effected by competition and/or 
predation from other species (Demayo et al, 1982). LeBlanc (1985) has indicated that 
this effect on competitive effectiveness is real. Laboratory tests indicate that in the 
absence of copper, Daphnia pulex populations grew more rapidly than Daphnia 
magna populations. However, if these species were pre-exposed to 0.010 ppm Cu for 
3 days prior to exposure to 0.03 ppm Cu, population growth of D. pulex was initially 
depressed during the 14-day exposure to copper while the population growth in D. 
magna was not affected. Nevertheless, after copper exposure ceased at 14 days, 
Daphnia pulex was again able to effectively compete against D. magna and 
ultimately suppressed D. magna population growth. Various species of invertebrate, 
including Daphnia magna, were able to develop a tolerance to copper sulfate 
pentahydrate, but apparently cannot develop true resistance to this chemical 
(LeBlanc, 1982). Pre-exposure of Daphnia magna to copper sulfate at 0.010 ppm Cu 
for 21 hours increased the 48-hour LC50 from ~0.02 ppm Cu in daphnids that had 
not been pre-exposed to ~0.06 ppm Cu in daphnids that had been pre-exposed. 
However, true resistance was not developed, and after selection pressure for up to 12 
generations was withdrawn, susceptibility of D. magna to copper sulfate returned to 
untreated control levels in the next untreated generation. Nevertheless, certain species 
of aquatic invertebrate develop a genetic resistance to various metals including the 
polychaete Nreis diversicolor, and certain freshwater crustaceans including Asellus 
meridianus, Asellus aquacticus and the bloodworm Chironomus tentans. 
 
Although some species of aquatic invertebrates are tolerant or resistant to copper 
sulfate in field situations, the usual case is that copper can build up in the sediment to 
levels where adverse impact is extremely likely. For example, at Lake Steilacoom, at 
the highest sediment concentrations (890 ppm Cu in sediment = 0.440 ppm Cu in 
pore water), the claodocerans (Daphnia magna and Ceriodaphnia dubia) and the 
bloodworm (Chironomus tentans), were not acutely or chronically affected in 
sediment bioassay studies. However, Hyalella azteca (amphipod) and Hexagenia 
limbata (mayfly) had reduced short-term survival. At lower concentrations (840 ppm 
Cu in sediment = 0.240 ppm in pore water), survival was as good in the treated 
sediment as in the controls (Bennett and Cubbage, 1992). However, in some cases, 
copper concentrations did not need to be this high to cause mortality and reproductive 
effects in sediment-associated organisms. For example, when sediment 
concentrations were ~40 ppm Cu, the overlying water concentration was 0.008 to 
0.009 ppm Cu and these overlying water concentrations were toxic to the cladoceran 
species (C. dubia and D. magna). Furthermore, very low concentrations of copper 
sulfate in sediment were necessary to produce NOECs in C. Dubia and Chironomus 
tentans. After 14 days of exposure of C. dubia to 18.1 and 11.9 ppm Cu in sediment 
(0.0037 and 0.0032 ppm Cu in overlying water and 0.0797 and 0.0489 ppm Cu in 
pore water) survival and reproduction were affected more or less equally. At shorter 
exposure periods (7 and 10 days), the survival of C. dubia was affected at similar 
concentrations, but much higher concentrations were necessary to impact 
reproduction (~50 ppm Cu in sediment; ~0.010 ppm in overlying water and ~0.150 
ppm Cu in pore water). The 10-day survival NOEC of Chironomus tentans was >216 
ppm Cu in sediment, 0.0229 ppm in overlying water and 0.0361 ppm Cu in pore 
water. These concentrations did not affect growth in C. tentans. Higher sediment 
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concentrations adversely impacted Pimephales promelas and Hyalella azteca (~300 
ppm Cu in sediment = 0.010 and 0.042 ppm Cu in overlying water). Sediment 
concentrations of 1,905 ppm Cu (0.57 ppm in overlying water = 0.135 ppm Cu in 
pore water) acutely impacted C. tentans. While overlying water concentrations were 
most important in the intoxication of C. dubia, D. magna, P. promelas and H. azteca, 
it is believed that the primary media controlling the toxicity of copper sulfate to C. 
tentans was the sediment itself. The media which intoxicates any given organism is 
probably that media which the organism has the most contact with (Suedel et al, 1996 
and Bennett and Cubbage et al, 1992).  
 
Chronic exposure of invertebrates in the Fairmont Lake system (Minnesota) to total 
copper sulfate treatments of 1.22 and 1.58 million lbs (305 and 395 thousand lbs Cu) 
between 1921 and 1964 resulted in concentrations of copper in the sediment as high 
as 1,000 ppm Cu in Budd Lake, and 5,600 ppm Cu in Hall Lake, respectively. Under 
these conditions, the bottom of the Fairmont Lakes was almost completely devoid of 
bottom organisms in 1964. Furthermore, the diversity of organisms in these lakes was 
generally limited to 1 or 2 species. Similar observation in Lake Steilacoom indicates 
that this decrease in numbers and diversity suggests that pollutants have influenced 
the benthic community and overall health of Lake Steilacoom and other treated lakes. 
Furthermore, populations of sediment organisms typically found in polluted lakes 
consisted predominantly of pollution tolerant organisms (Bennett and Cubbage, 
1992).  In areas where an algal mat existed, the benthic organism count was much 
higher, because the mat inhabitants, which do not represent the infaunal community, 
were protected from the effects of toxic sediment. 
 
In Sylvia Lake (Washington), the concentration of copper in both the water column 
and sediment remains high enough to exceed the effects level. For example, the 
levels in sediment generally exceed 110 ppm Cu, which is considered to be the severe 
effect level at which pronounced impacts to benthic organisms are expected to occur, 
according to the Ontario Provincial Guidelines. Furthermore, concentrations of 
~0.010 ppm Cu are found 18 days after treatment of two-thirds of the lake with 
copper sulfate at 0.5 ppm Cu. This led to chronic exposures of fish and invertebrates 
that were higher than the chronic water quality standard of 0.00564 for more than 4 
days when the water hardness was only 50 ppm CaCO3.  Since the chronic NOEC are 
0.008 ppm Cu for Campeloma decisum, 0.012 ppm Cu for Corbicula fluminea, 
<0.0032 ppm for Daphnia magna in some cases, 0.0029 ppm Cu for Gammarus 
pseudolimnaeus, and less than 0.005 ppm Cu for Oncorhynatus susticus, it seems 
likely that the invertebrate biota will be adversely impacted by exposure to copper 
sulfate at concentrations that range between 0.011 and 0.077 for the first 18 days 
after treatment (Serdar, 1995).  

 
4.3.2.3 Impacts of Single Versus Multiple Applications  

 
It would be extremely rare for lakes in Washington State to be treated with copper sulfate 
or commercial copper-complexes more than once in a season. Therefore, very little 
practical field knowledge is available on this subject. However, some field work has 
involved multiple treatments over a 25-year period at approximately 0.20 ppm Cu in 
Lake Steilacoom (Bennett and Cubbage, 1992).  Multiple treatment of the Fairmont 
Lakes (Minnesota) over a 58-year period at rates that ranged from 0.13 to 1.5 ppm copper 
sulfate [0.0325 to 0.375ppm Cu (Hanson and Stefan, 1982)]. Single treatments of two-
thirds of Sylvia Lake (Washington) at rates of 0.5 ppm Cu, single treatments of pools in 
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Florida at copper sulfate and copper sulfate plus diquat rates of up to 1.0 ppm Cu and 1.0 
ppm Cu plus 1.0 ppm c.e. diquat, respectively (Gangstad, 1978). Single treatments of 
microcosms of ponds in Franklin (Wisconsin) with Cutrine® (2.2 ppm), Cutrine® plus 
diquat (2.2 plus 3.0 ppm), Cutrine® plus endothall (2.0 plus 3.0 ppm) and Cutrine® plus 
diquat plus endothall [2.2 plus 1.5 plus 1.5 ppm (Daniel, 1972)]. Also single treatments 
of the Guntersville Reservoir (Alabama) with Komeen® plus diquat at rates of 0.3 plus 
0.3 ppm to 0.4 plus 0.4 ppm have been conducted (Bain and Boltz, 1992 and Rodgers et 
al, 1992). The Department of Natural Resources in Wisconsin has reported single 
treatments with both Cutrine® and copper sulfate for the control of algae in various lakes 
between 1960 and 1987; typical use rates for these copper products was 0.4 to 1.0 ppm 
Cu (Wisconsin DNR, 1990). Single treatments of prairie pothole lakes in Manitoba have 
been reported at rates up to 0.510 but also as low as 0.025 to 0.04 ppm Cu for control of 
Aphanizomenon flos-aquae (Whitaker et al, 1978 and Wagemann and Barica, 1979).  
Other authors have reported single treatments at standard use rates (presumably 0.5 ppm 
copper sulfate = 0.125 ppm Cu) for control of algae (Smith, 1935 and de Zambrane, 
1975). 

 
Single treatments with copper sulfate or Cutrine® of ponds or microcosms in Wisconsin 
have resulted in fish mortality due to the direct toxic effects of copper and/or the effects 
of anaerobiosis. The Wisconsin Department of Natural Resources (1990) noted a fish-kill 
from the direct toxicity effects of copper after application of copper sulfate in the 1960s 
to control swimmers itch. High concentrations of copper, apparently drifted into an 
adjacent outlet stream, resulting in the death of some trout. A more typical problem 
occurred in 1961 when treatment of a whole lake for the algae control resulted in a major 
fish-kill several days after application of copper sulfate due to oxygen depletion. The 
U.S. EPA (1985) has expressed concern with oxygen depletion causing fish-kills. They 
state that, “The use of copper sulfate in open bodies of water as an algaecide can 
indirectly affect fish through oxygen depletion or gill clogging by dead organisms. 
Following application, large numbers of bacteria feed on decaying plant matter, produce 
a scum and deplete the oxygen concentration. If this occurs over the entire lake or pond, 
fish can be killed. However, standard procedures suggest that only a portion of a lake 
(one-third) should be treated, thus allowing fish to leave the affected area.” 
 
A major fish-kill in Wisconsin was also seen due to the treatment of Little Saint 
Germaine Lake in 1984 because the treatment dosage exceeded the safety limits for this 
soft water lake. Masuda and Boyd (1993) have indicated that this is a critical factor but 
that treatment with copper sulfate or Cutrine® should be safe when the rate of elemental 
copper application does not exceed 1% of the alkalinity in the water. 
 
The application of Cutrine® plus diquat (2.2 plus 3.0 ppm) to a microcosm in a pond in 
Franklin (Wisconsin) caused all of the fish in the treated microcosm to die within 24 
hours of treatment. It is not entirely understood why this fish-kill occurred. However, it 
was probably due to a combination of effects including synergistic effects from Cutrine® 
plus diquat and an oxygen slump that occurred immediately after application. However, 
application of Cutrine® alone at 2.2 ppm or Cutrine® plus endothall (2.2 plus 3.0 ppm) 
or Cutrine® plus diquat plus endothall (2.2 plus 1.5 plus 1.5 ppm) did not cause any 
significant fish mortality. 
 
Treatment of the Guntersville Reservoir (Alabama) with Komeen® plus diquat at 0.3 
plus 0.3 ppm or 0.4 plus 0.4 ppm) did not appear to impact fish or invertebrates adversely 
(Bain and Boltz, 1992 and Rodgers et al, 1992). Treatment with these herbicides 
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controlled Hydrilla verticillata and Myriophyllum spicatum and did not cause harmful 
effects on non-target aquatic resources such as sport fish and molluscs. The use of 
Komeen® plus diquat does not appear to affect abundance, size structure or movement of 
largemouth bass within the Guntersville Reservoir. Furthermore, Bain and Boltz found 
that vegetation density does not affect the movement of largemouth bass. 
 
The survival of bluegill sunfish, largemouth bass and channel catfish is not impacted by 
treatments with copper sulfate at 1.0 ppm or with copper sulfate plus diquat at 
concentrations up to 1.0 plus 1.0 ppm. Treatment with diquat at 1.0 ppm or encapsulated 
slow release copper sulfate at 1.0 ppm also had no toxic effect on these species of fish, 
providing that the sediment contains 50% peat and 50% sand (Gangstad, 1978). 
However, treatments of 0.5 ppm copper sulfate will usually have an adverse impact on 
most species of fish (Brown, 1935) and treatment rates of 0.25 ppm Cu as copper sulfate 
have caused rainbow trout-kills in eutrophic prairie fish farm ponds (Whitaker et al, 
1978).  
 
McKim et al (1970) has reported that the larval standing crop of brook trout, brown trout, 
lake trout, white sucker, herring and smallmouth bass was reduced by exposure to 0.0317 
to 0.043 ppm Cu. However, Northern pike was more resistant to copper and it took 
approximately 0.10 ppm Cu to reduce the larval standing crop for Northern pike. Single 
treatments of prairie pothole lakes in Manitoba (Canada) at 0.125 ppm Cu as copper 
sulfate have substantially accumulated in the liver of rainbow trout. This accumulation 
led to a reduction in growth rate while 0.250 ppm Cu is known to kill rainbow trout in 
these lakes when they are used for fish farming (Majewski et al, 1978 and Whitaker, et al, 
1978). Treatments of these prairie pothole lakes should not be higher than 0.025 to 0.04 
ppm Cu. This treatment rate should control the most difficult species of blue-green algae 
while most species of game fish should not be adversely impacted. Salmonids and striped 
bass may be adversely impacted, particularly if they are exposed in soft, low alkalinity 
water to concentrations ranging around 0.02 to 0.03 ppm Cu. However, Brown et al, 
(1974) and Demayo et al (1982) found that the toxicity of copper products in natural 
water bodies cannot be effectively predicted from laboratory results, unless water from 
the water body in question is used in the bioassay. Toxicity of copper in a water body can 
vary considerably with time of year. Hardness, alkalinity, pH, phosphate levels and levels 
of other inorganic complexing agents, the presence of sewage effluent, apparent copper-
complexing capacity, presence of clay sediments with a fine particle size and even water 
flow rate can effect the toxicity of copper in a treated water body. As the hardness, 
alkalinity, pH, concentration of inorganic and organic complexing agents and the amount 
of clay and fine particle in the sediment increases, the toxicity of copper in the water 
body decreases. Low flow also correlates with high toxicity in Shayler Run (Ohio). For 
example, during high flow rates, the predicted safe level for copper in the water body 
would be 1.1 to 1.7 ppm Cu., but during low flows, the predicted safe level of copper in 
the water body would be 0.029 to 0.046 ppm Cu. Furthermore, since fish become 
acclimatized to copper, a viable fishery may exist when laboratory results indicate that 
the concentrations of copper and/or zinc are high enough to cause adverse impact. This 
adverse impact may be avoided by many species of fish and invertebrates. For example, 
rainbow trout can avoid copper sulfate at concentrations as low as 0.0001 ppm Cu, the 
Japanese eel at concentrations as low as 0.001 ppm Cu, Atlantic salmon at concentrations 
as low as 0.004 to 0.005 ppm and the mayfly (Ephemerella walkeri) at concentrations as 
low as 0.1 ppm Cu (Zhu, 1990; Folmar, 1978 and Folmar, 1976). An avoidance response 
is only of value to an organism if it is significantly below the levels that cause acute 
toxicity, which seems to be the case for rainbow trout, Atlantic salmon and Japanese eel, 
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but may not be the case for the mayfly. However, since the mayfly will not be driven 
from the fishery until concentrations that will drive anadromous fish from the area have 
been exceeded, the fishery should maintain its fish food supply for as long as the fish 
species remain in the area. 
 
Many other examples of the effects of a single treatment of copper sulfate on fish and 
invertebrates exist. For example, Tucker and Boyd (1978) found that treatment with 0.84 
kg CuSO4/hectare reduces phytoplankton density and results in a poor conversion ratio of 
fish food to fish flesh when treated ponds are compared to the control. Even very high 
concentrations of copper sulfate used to control snails in Lahore (India) did not appear to 
have adverse impact on other aquatic fauna or aquatic vegetation in either the field or the 
laboratory (Hussain et al, 1996). However, even a single treatment at fairly low levels of 
copper sulfate (1.7 ppm = 0.425 ppm Cu) used to control algae in the Solomon Dam 
(North Queensland) killed almost the entire invertebrate population of cladocerans 
including Ceriodaphnia cornuta, Moina micrura, Daphnosoma sarsi and Daphnia 
humhlotzi as well as copepods like Meocyclops notius and the rotifer Brachonius 
calciterous. Furthermore, Harman (1978) has reported that in water bodies treated with 
copper sulfate plus diquat that the benthic communities are atypical of those that have 
never been treated; these communities are very much different than communities that 
have never been treated with copper sulfate. Single treatments of flooded rice fields in 
Albufera (Spain) at rates of 0.21, 0.42 and 0.84 ppm caused no significant mortality in 
crayfish that were double-cropped with rice (Andreu-Moliner et al, 1986).  
 
Sediment microcosms treated with copper sulfate at rates greater than 10 ppm Cu 
demonstrated a 50% inhibition in the growth of algae and duckweed, 100% mortality of 
cladocerans within a few days, 45% mortality of amphipods within 15 days and 80% 
mortality, with no emergence in chironomids, within 15 days. At treatment rates of less 
than 10 ppm copper sulfate, a shift in the algal peak population occurred and duckweed 
growth was reduced by 39%. Partial mortality was noted in Daphnia magna but no 
reduction in reproduction rate was observed when the treatment rate was less than 10 
ppm. Another species of cladoceran (Simocephalus vetulus) was completely eliminated at 
treatment rates of less than 10 ppm, but recovery was possible if the microcosm was re-
inoculated with this species 10 days after treatment. No mortality was noted in 
amphipods, but growth was retarded when the treatment rate was less than 10 ppm. 
However, partial chironomid mortality occurred 22 days after treatment, while emergence 
was inhibited by 50%, but growth did not appear to be affected (Clement and Cadier, 
1998). Other studies indicate that the natural sediment with fine particle size and higher 
levels of organic matter decreased the toxicity of copper to the nematode Caenorhabditis 
elegans. The NOEC in natural sediment was 63.5 ppm Cu and the LOEC in artificial 
sediment with larger particle size and lower organic content was 11.3 ppm Cu (Hoess et 
al, 1997). In another microcosm study, algal peak populations were shifted at the Duluth 
site for all 3 dose rates. However, at the University of Washington site, while the algal 
peak populations were shifted after treatment with 0.5 ppm Cu, they were both shifted 
and decreased in biovolume at the 1.0 and 2.0 ppm Cu treatment rates. The populations of 
Daphnia pulex in treated microcosms were shifted and the maximum numbers were 
decreased at treatment rates of 1.0 and 2.0 ppm Cu. In some cases, treatment with 1.0 
and/or 2.0 ppm Cu caused populations of Daphnia pulex to decrease to almost zero. 
Treatment at concentrations of 0.5 ppm Cu shifted the maximum Daphnia pulex peak 
with Daphnia populations reestablishing themselves 25 days after treatment. (Taub et al, 
1986). Laboratory data in Tables 2, 18 and 19 indicates that, in the absence of sediment, 
the toxicity of copper sulfate to fish and aquatic invertebrates is quite high. For example, 
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a portion of the population of Daphnia magna, amphipods and chironomids survive at 
concentration of ~10 ppm in the presence of sediment. However, the LC50s for these 
species in the absence of sediment were 0.0098 to 0.013, 0.0656 to 0.37 and 0.298 to 
0.630 ppm, respectively, in the presence of water alone. The effects of a shift in the 
maximum population peak for Daphnia pulex were not studied in fish that prey on them. 
However, such shifts in developmental time have the potential to adversely impact free-
swimming fry or juvenile fish that may depend on this prey species at critical times in 
their growth cycle. If normal spawning time for the predator species occurs when 
maximum populations of cladocerans would be expected under untreated conditions, the 
prey may not be developed to an appropriate size when the predator fish fry need the 
greatest nutritional input (Gilderhaus, 1967). 
 
Extensive work with multiple treatments of a water body with copper sulfate or the 
commercial copper–complexes has not been undertaken. While it is expected that single 
treatments at use rates ranging from 0.0325 ppm Cu to 0.375 ppm Cu will cause fish-kills 
due to the direct toxic effects of copper product (Hanson and Stefan, 1989; Wisconsin 
Dept. of Natural Resources, 1990 and Serdar, 1995), multiple treatments may affect both 
numbers and dominant species or strain. For example, multiple treatments of the 
Fairmont Lakes (Minnesota) between 1970 and 1977 after restocking, altered the ratio of 
roughfish:panfish:gamefish to change from 34:36:30 to 9:18:1 (Hanson and Stefan, 
1984). In 1979, 2 years after copper sulfate treatment had been suspended in 1977, the 
panfish and gamefish ratios had improved to 61:33:6 and remained improved through 
1984 (68:24:5). A similar lake (Wilmert Lake), which had been restocked but not treated 
with copper sulfate had roughfish:panfish:gamefish ratios of 1:9:90; and South Silver 
Lake that had not been recently restocked or treated with copper sulfate had rations of 
11:21:68. This change in ratio can be due to differences in the susceptibility of different 
standing fish stocks (McKim et al, 1970). However, Klussmann et al (1988 in Bain and 
Boltz, 1992) found that catch rates for largemouth bass was greatest when the plant 
densities were highest, while Colle et al (1987 in Bain and Boltz, 1992) found that 
largemouth bass catches were unaffected by a reduction in plant density. Ideal plant cover 
of about 36% appears optimal for production of largemouth bass (Ware and Gasaway, 
1978 in Bain and Boltz, 1992) and complete removal of aquatic plants can cause a major 
decline in forage fish and largemouth bass abundance (Moxley and Langford, 1985 in 
Bain and Boltz, 1992). There can be a decrease in the numbers of certain size classes 
(intermediate size largemouth bass) and not others (large largemouth bass) if foliage is 
entirely removed (Klussmann et al, 1988 in Bain and Boltz, 1992). Swingle (1950 and 
1956) found that while a certain amount of foliage cover and filamentous green algae 
(foodstuff) is necessary to achieve the ideal forage to predatory fish ratio of 3:1 to 6:1, 
the ideal amount of forage and foodstuff algae varies significantly between water bodies. 
Swingle did not specify what might cause those variations, but it is probably due to size 
and depth of the water body, and possibly other factors like transparency, and size 
distribution of predator and prey animals. 
 
It has also been reported that multiple treatments of copper sulfate at 0.1 to 0.5 ppm Cu 
can cause a build-up of copper in the sediment to very high levels (180 to 1,000 ppm in 
Lake Steilacoom in Washington, or 170 to 5,600 ppm Cu in the Fairmont Lakes of 
Minnesota).  In 1964, the Fairmont Lakes were almost completely devoid of benthic 
macroinvertebrates when the highest sediment copper concentration was found to be 
5,600 ppm. Furthermore, the species diversity was greatly reduced in the Fairmont Lakes 
in 1964 with only 1 or 2 species found in George, Sisseton, and Hall Lakes, while no 
benthic organisms were found in Budd and Amber Lakes. In Lake Steilacoom, the 
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benthic macroinvertebrates were generally sparse after 25 years of copper sulfate use to 
control algae. Furthermore, the benthic populations consisted predominantly of pollution-
tolerant organisms and the taxa diversity and richness was low. The measured parameters 
indicate significant water quality impairment. Unfortunately, these field tests cannot 
determine the actual cause of this impairment. Therefore, the addition of copper in 
relation to other potential pollutants has influenced the benthic community and overall 
health of Lake Steilacoom. In areas where there were heavy algal mats, the benthic 
organism count was much higher because these organisms were protected from the toxic 
effects of the sediment. Dave (1992) has suggested, that in most of the Lime Reference 
lakes in Sweden, the concentration of copper was not high enough to cause toxicity to 
Daphnia magna. Metal toxicity in these lakes were likely due to metals deposited from 
airborne sources including mercury, lead and zinc. However, since the addition of EDTA 
at concentrations of 1 μ molar did not decrease the toxicity of the whole sediment, it 
seems unlikely that divalent heavy metals like cadmium, copper, mercury, nickel, lead or 
zinc were causing toxicity to D. magna.  Since the toxicity of copper was not decreased 
by the presence of high concentrations of acid volatile sulfides, it seems unlikely that 
these sulfides detoxify copper (Bennett and Cubbage, 1992 and Huggettt et al, 1999).  
 
Not all heavy treatments and repeated treatments with copper sulfate affect the population 
density and taxonomic diversity of benthic organisms or sports fisheries. The total 
dissolved copper in Lake Monona water was high (0.120 ppm Cu) and the concentration 
of copper in the surface sediment was high (250 ppm (Cu). Although these are high 
enough to theoretically cause mortality in fish and benthic invertebrates, copper 
treatments that occurred over a 50-year period did not affect benthic organisms in the 
years that these studies were conducted; copper sulfate treatments did not occur in Lake 
Monona in the years that the study was conducted (1969 and 1970). Furthermore, Lake 
Monona provides an excellent sports fishery. Therefore, it can be concluded that there 
have been no significant long-term adverse effects arising from the use of copper sulfate 
to control algae in Lake Monona (Sanchez and Lee, 1978).  

 
Additional laboratory work indicates that chronic exposure at high concentrations of 
copper sulfate (mimicking multiple exposures) may cause both pathological and 
biochemical signs of stress in goldfish (Karan et al, 1998). Treatment with copper sulfate 
at concentrations of 0.25 to 4.0 ppm Cu induced a variety of enzymes in gill tissue and 
blood after 14 days of exposure. Furthermore, Baker (1969) found that treatment with 
0.18 ppm Cu for 29 days produces pathological changes in gill tissue of winter flounder 
primarily involving the replacement of mucous cells with chloride cells and a 
disconnection of the epithelial cells from the lamellae. Higher concentrations (1.0 ppm 
Cu) cause histopathological damage to the liver (fatty metamorphosis), spleen (necrosis) 
and kidney (necrosis) after 2 to 21 days of exposure. In some cases, very low 
concentrations of copper could cause physiological or behavioral damage. For example, 
0.0029 ppm Cu caused damage to the immune system in brown trout after 38 days of 
exposure (Harrison, 1986) and 0.005 ppm Cu as copper chloride inhibited downstream 
migration in Coho salmon smolts after 165 days of exposure (Lorz and McPherson, 
1976). Although this failure to migrate could be induced after just 144 hours of exposure, 
higher concentrations (0.030 ppm Cu) were necessary to induce this effect at significant 
levels. The exposure concentrations described here are typical of those found in the 
environment. However, chronic exposure is only likely to occur at concentrations ranging 
from 0.005 to 0.1 ppm and the higher concentrations may not be germane to the chronic 
exposure scenario since concentrations higher than ~0.02 to ~0.03 will often be toxic to 
fish and invertebrates. However, Demayo et al (1982) indicates that 0.029 to 0.046 ppm 
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Cu should be safe to fish in water bodies with low water flow. Although an exposure of 
higher than 0.046 ppm Cu is not likely to produce real chronic effects since fish may be 
acutely susceptible at this concentration, 0.029 to 0. 046 ppm Cu is a concentration that 
may have ecological impact on sensitive fish species. These environmental assaults have 
the potential to cause additional stress, making sensitive species more susceptible to 
parasites, disease, predators, and other pesticides. For example, sensitivity of fish like 
blue gourami may have their immune systems compromised at a low concentration of 
0.009 ppm Cu, making them susceptible to viral and bacterial infections. In addition, 0.03 
to 0.06 ppm Cu caused the American eel to become susceptible to Vibrio disease and die 
within 50 to 60 days of exposure to this pathogen.  
 
• Potential impacts on numbers 
 

Because copper sulfate and the commercial copper-complexes are toxic to fish and 
also can produce anaerobic conditions that suffocate fish, fish numbers can be 
strongly impacted by treatment with aquatic herbicides containing copper. As 
discussed previously, treatment of Lake Jesse (New York) or Lake Maracaibo 
(Venezuela) with standard copper treatment rates to control algae, will kill all of the 
limnetic zooplankton (primarily crustaceans). It is also expected that copper sulfate at 
concentrations as low as 0.5 ppm (0.125 ppm Cu) will annihilate fish populations. 
However, it was noted that a small number of unspecified fish species survived these 
copper treatments (Smith, 1935 and de Zambrane, 1979). Treatment of prairie 
pothole lakes in Manitoba at concentrations of 0.250 ppm Cu killed all of the rainbow 
trout in these fish farm ponds. Complete mortality occurred with rainbow trout, even 
though the half-life for copper sulfate under these conditions was less than 2 days, 
and the steady state concentration, which will occur within 5 days, was 0.038 ppm 
Cu. This high susceptibility of rainbow trout is not surprising since the LC50 of 
copper sulfate is 0.032 to 0.135 ppm Cu even in fairly hard water. However, copper 
sulfate treatment rates as high as 1.0 ppm Cu do not always adversely effect rainbow 
trout. For example, Bohl et al (1982) found that treatments of 1.0 ppm copper sulfate 
for 5 days per month for 18 months did not cause copper to bioaccumulate in fish 
muscle. Since the authors were advocating the use of copper sulfate for the control of 
algae in trout ponds, one can assume that the treatment rate did not have adverse 
impact on these trout during the course of the study. Treatments of microcosms with 
copper sulfate at concentrations of 0.5 to 1.0 ppm Cu or copper sulfate plus diquat at 
0.5 plus 0.5 to 1.0 plus 1.0 ppm for the control of Hydrilla verticillata did not cause 
any mortality in bluegill sunfish, largemouth bass or channel catfish for the first 8 
weeks after treatment. While copper sulfate plus diquat effectively controlled 
Hydrilla verticillata for at least 8 weeks, copper sulfate or encapsulated copper 
sulfate (slow release copper sulfate) was not entirely effective in controlling this 
aquatic vascular plant (Gangstad, 1978). 
 
McKim et al (1970) found that the standing crop of brook trout, brown trout, lake 
trout, white sucker, herring and smallmouth bass were decreased by treatments with 
0.0317 to 0.043 ppm Cu. However, the standing crop of Northern pike larvae was not 
affected by concentrations of copper sulfate up to 0.1041 ppm Cu. This is not 
surprising in light of the opinion rendered by the state of Maine’s Department of 
Environmental Protection that the toxicity of copper compounds to fish in Maine’s 
soft water is unpredictable and quite variable (LC50 = 0.002 to 2.000 ppm). Factors 
that effect the toxicity of copper compounds in fish include species, age, DOC, 
temperature, lentic or lotic environment, amount of organic matter present and the 
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amount of carbonate present. For Shayler Run (Ohio) the predicted safe levels for 
application of copper range from 1.1 to 1.7 ppm Cu under favorable conditions and 
high organic or sewage effluent content. Under less favorable conditions and low 
organic or sewage effluent content, the predicted safe levels for the application of 
copper to Shayler Run range from 0.029 to 0.046 ppm Cu. These safe concentrations 
were based on laboratory LD50s (0.57 to 21 ppm) conducted with Shayler Run water 
multiplied by and application factor (0.05 to 0.08) which was felt to be sufficient to 
protect the more sensitive fish biota (Demayo et al, 1982). These application factors 
are probably adequate for this water body since the level of concern in acute risk 
assessment promulgated by the EPA is 0.1 for most species and 0.05 for endangered 
and threatened species. 
 
Applications of Cutrine® plus diquat at concentrations of 2.2 plus 3.0 ppm to 
microcosms in Franklin (Wisconsin) for the control of algae, pondweed and 
watermilfoil caused a reduction of indigenous fish populations to zero within 1 day. 
It is unclear if this fish-kill was due to the toxic (possibly synergistic effects) of 
Cutrine® plus diquat, the production of anaerobic conditions in the microcosm or a 
combination of both factors. However, the application of Cutrine® alone at 2.2 ppm, 
Cutrine® plus endothall at 2.2 plus 3.0 ppm, or Cutrine® plus diquat plus endothall 
at 2.2 plus 1.5 plus 1.5 ppm had minimal or no effect on the survival of indigenous 
fish populations (Daniel, 1972). Laboratory work with Cutrine® and Copper 
Control® (a similar product) indicates that fish are fairly tolerant to Cutrine®, 
particularly in hard water where the LC50 for mosquito fish ranged from 2.7 to 21 
ppm Cu, and the LC50 for sunfish (Lepomis sp.) ranged from 7.5 to 11.645 ppm Cu. 
Channel catfish and largemouth bass also appeared to be tolerant to Cutrine® and 
Copper Control® at rates ranging from 1.9 to 6.0 ppm and around 6.4 ppm, 
respectively. However, in soft water, rainbow trout (LC50 = 0.03 to 0.2 ppm Cu), 
striped bass (LC50 = 0.010 to 0.1 ppm Cu) and fathead minnows (LC50 = 0.21 ppm 
Cu) and brown trout (LC50 = 0.198 ppm Cu) are fairly susceptible to Cutrine® and 
copper Control® (Table 18).  Furthermore, Simonin and Skea (1977) have reported 
that mixtures of Cutrine® plus diquat were synergistic to brown trout and mixtures 
containing 0.093 Cu plus 0.245 ppm c.e. diquat or 0.28 ppm Cu plus 0.735 ppm c.e 
diquat are likely to be toxic to sensitive fish species. They also noted that application 
rates of 0.1 gallon formulated Cutrine®/acre (0.0093 to 0.028 ppm Cu) and 0.9 
gallon formulated diquat per acre (0.22 to 0.66 ppm c.e.) is a safer application rate 
when sensitive fish are present. However, it is not clear if applying Cutrine® plus 
diquat at these low rates would be effective in controlling Hydrilla verticillata or 
other aquatic vascular plants. 
 
Applications of Komeen® plus diquat at rates of 0.3 plus 0.3 or 0.4 plus 0.4 ppm 
does not appear to have adverse impact on fish or invertebrate numbers. Bain and 
Boltz (1992) found that treatment with Komeen® plus diquat at 0.3 plus 0.3 ppm had 
no impact on survival, size structure, condition or movement of largemouth bass in 
the Guntersville reservoir (Bain and Boltz, 1992). Although many other authors cited 
in Bain and Boltz, and in independent work by Swingle (1950 and 1957) indicate that 
the movement, numbers and kinds of fish may be strongly impacted by the amount of 
plant cover present, Bain and Boltz specifically state that the movement of 
largemouth bass was unaffected by vegetation density.  Rodgers et al (1992) found 
that treatment with Komeen® plus diquat at 0.4 plus 0.4 ppm controlled Hydrilla 
verticillata and Myriophyllum spicatum and that the margin of safety was high 
enough so that non-target species like insects, zooplankton and fish should not be 
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harmed. Rodgers et al monitored non-target resources such as sports fish and 
molluscs and found no harmful effects on these species from using Komeen® plus 
diquat at concentrations of 0.4 plus 0.4 ppm. 
 
The Wisconsin Department of Natural Resources (1990) uses both copper sulfate and 
Cutrine® for the control of algae (0.03 to 1.0 ppm Cu) and submersed vascular weeds 
(0.4 to 1.0 ppm Cu).  They have also used copper sulfate to control swimmers itch. 
However, only copper sulfate has caused fish-kills. For example, the use of copper 
sulfate at high application rates to control swimmers itch in the 1960s resulted in the 
death of some trout when high concentrations of copper drifted into an adjacent outlet 
stream. In another case where copper sulfate was applied to a whole lake to control 
algae, a major fish-kill occurred 4 days after treatment, due to the formation of low 
dissolved oxygen conditions. The third major fish-kill reported by the Wisconsin 
DNR occurred in 1984 in Little Germaine Lake because the treatment dosage 
exceeded safety limits for this soft water lake. However, Masuda and Boyd (1993) 
have indicated that copper sulfate or Cutrine® may be used safely to control algae, if 
the applied copper concentration does not exceed 1% of the alkalinity in the treated 
water body.  

   
Other major fish-kills have been noted by Hanson and Stefan (1982) primarily in Hall 
Lake (Minnesota) of the Fairmont Lake chain. Although the exact treatment 
concentrations that cause these kills was not specified, it was estimated from 
laboratory work that rates of 0.71 to 1.45 ppm copper sulfate pentahydrate (0.18 to 
0.36 ppm Cu) would be toxic to the species present in the Fairmont Lake chain. 
Major fish-kills were observed in Hall Lake and involved unspecified species in 
1963, sheepshead minnow in 1966, walleyed pike, Northern pike, bullheads and other 
gamefish in 1969, walleyes and bullheads in 1970 and walleyes in 1971. In 1972, 200 
walleyes were found dead in Budd Lake. According to the Minnesota Department of 
Conservation, 80% of restocked walleyes had been killed in the Fairmont Lakes 
during the 1969 season and copper sulfate treatments were responsible for destroying 
this $30,000 fish re-stocking program.  
 
Copper sulfate has also reduced populations of invertebrates when it was used to 
control algae in the Solomon Dam of North Queensland (Australia). Treatment with 
1.7 ppm Cu as copper sulfate killed almost the entire invertebrate population in this 
impoundment. Susceptible organisms included the cladocerans (Ceriodaphnia 
cornuta, Moina micrura, Daphnosoma sarsi and Daphnia humholtzi), copepods like 
Meocyclops notius and the rotifer (Brachonius calciferous). However, recovery of 
many of these species was rapid. For example, populations of the rotifer recovered 
within 14 days and after 1 month, the cladocerans and copepods replaced the 
pioneering rotifer species (Hawkins, 1988). The destruction of these zooplankton 
species can have additional adverse impact by their not being present at times when 
sensitive fish fry and juveniles are present and are unable to find foodstuff of the 
proper size to fulfill their nutritional needs. In support of this contention, the 
Wisconsin DNR (1990) has noted that the toxicity of copper products to cladocerans 
is important since Daphnia spp. are important components of the food web. Hawkins 
reported that aeration and flushing could eliminate large seasonal differences in water 
temperature and stabilize dynamic zooplankton populations. Aeration also 
encouraged an increase in diatom populations and decreased the blue-green algal 
populations, which in turn caused increases in zooplankton density. It is implied that 
these aeration and flushing (destratification) procedures may be able to control 
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noxious algae species without the use of, or with great decreases in, the use of copper 
sulfate in this reservoir.  
 
The treatment of small microcosms with standard rates of copper sulfate cause a 
relatively rapid effect on epibenthic organisms like Caenis sp. (Ephemeroptera) 
Hyalella azteca (Amphipoda) and Notonectidae (Insecta: Hemiptera). Although the 
potential for recovery, based on in-lab bioassays was high, actual recovery in the 
treated microcosms was less apparent. Although the population numbers for Hyalella 
azteca and Notonectidae recovered to 95% of the original population numbers, 
Caenis sp. recovery was less apparent and differences in the numbers of Caenis sp. 
persisted in this community (Shaw, and Manning, 1996). 
 
Treatment with copper sulfate plus diquat also affected the benthic community. It 
was observed that benthic communities treated with copper sulfate plus diquat were 
very much different from communities that have never been treated with copper 
sulfate plus diquat (Harman, 1978). Long-term use of copper sulfate for the control of 
algae and pondweeds may adversely impact the number of benthic organism in 
treated water bodies. For example, treatment of the Fairmont Lakes (Minnesota) with 
copper sulfate from 1921 to 1964 caused the concentrations of copper in the sediment 
to build up. Concentrations as high as 170, 1,000, 1,200, 2,000 and 5,600 ppm Cu 
were seen in Amber Lake, Sisseton Lake, Hall Lake, George Lake and Budd Lake, 
respectively. In these treated lakes, the macroinvertebrate counts indicated that the 
sediments were almost completely devoid of bottom organisms in 1964 when similar 
lakes in Wisconsin (Lake Monona, Lake Mendota, Lake Nagawicka and Lake 
Pewaukee) had benthic organism densities as high as 1,109 to 7,567 animals per 
square meter. Although these lakes in Wisconsin had been extensively treated with 
copper sulfate, Mackenthun and Cooley and Sanchez and Lee (1952 and 1978b in 
Hanson and Stefan, 1982) concluded that long-term copper treatments had no 
significant impact on aquatic organisms in these lakes. However, the populations of 
bottom organisms did not increase in George, Sisseton and Budd Lakes until the 
lakes had been dredged. After dredging and the cessation of copper sulfate treatment 
for 2 to 9 years, the number of aquatic organisms in George, Sisseton and Bud Lakes 
had returned to high densities (1,145 to 6,128 animals/square meter).  
 
There is not a large literature base concerning negative or positive impacts of copper 
products (Komeen®) plus diquat treatment on numbers of fish and invertebrates in 
natural ecosystems. However, Bain and Boltz (1992) noted that treatment of the 
Guntersville Reservoir in Alabama with diquat plus Komeen®-Plus at 0.3 ppm c.e. 
plus 0.3 ppm copper for the removal of Hydrilla verticillata caused no changes in 
abundance, size structure, condition or movement of largemouth bass. Klussmann et 
al (1988 in Bain and Boltz, 1992) found that catch rates for largemouth bass was 
greatest when the plant densities were highest, while Colle et al (1987 in Bain and 
Boltz, 1992) found that largemouth bass catches were unaffected by a reduction in 
plant density. Ideal plant cover of about 36% appears optimal for production of 
largemouth bass (Ware and Gasaway, 1978 in Bain and Boltz, 1992) and complete 
removal of aquatic plants can cause a major decline in forage fish and largemouth 
bass abundance (Moxley and Langford, 1985 in Bain and Boltz, 1992). There can be 
a decrease in the numbers of certain size classes (intermediate size largemouth bass) 
and not others (large largemouth bass) if foliage is entirely removed (Klussmann et 
al, 1988 in Bain and Boltz, 1992). Swingle (1950 and 1956) found that while a 
certain amount of foliage cover and filamentous green algae (foodstuff) is necessary 
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to achieve the ideal forage to predatory fish ratio of 3:1 to 6:1, the ideal amount of 
forage and foodstuff algae varies significantly between water bodies. Swingle did not 
specify what might cause those variations, but it can be conjectured to be due to size 
and depth of the water body, and possibly due to other factors like water 
transparency, and size distribution of predator and prey animals.  
 
Negative impacts due to the treatment of ponds in Wisconsin with Cutrine® plus 
diquat for the control of pondweed and watermilfoil were noted. Treatment with 
diquat plus Cutrine® at concentrations of 3.0 ppm plus 2.2 ppm resulted in a 
complete kill of the resident fish population in field microcosms. It is unclear if this 
is due to synergistic effects or low dissolved oxygen concentrations or a combination 
of these two factors. Frank (1972) is of the opinion that fish-kills of this nature are 
usually due to anaerobiosis from decaying vegetation and not to the effects of a 
registered aquatic herbicide.    
 

• Potential impacts on diversity 
 

Information on the changes in numbers of fish and invertebrates due to the use of 
copper sulfate, Cutrine®, Cutrine® plus diquat or Komeen® treatment has been 
gathered and reported by Hanson and Stefan (1982; Wisconsin DNR, 1990; Smith, 
1935; de Zambrane, 1979; Gangstad, 1978; Whitaker et al, 1978; Shaw and Manning, 
1996; Clement and Cadier, 1998; Benton and Guttman, 1990; Winger et al, 1984; 
Andreu-Moliner et al, 1986; Bohl et al, 1982; Daniel, 1972; Harman, 1978; Hawkins, 
1988 and Hussain et al, 1996). However, the extent of data covering changes in 
diversity is rather limited. Changes in diversity due to treatment with copper sulfate 
or commercial copper-complexes have not been extensively addressed. Nevertheless, 
Demayo et al (1982) has noted that the more sensitive species in Shayler Run (Ohio) 
like Psephenus sp. (beetle), Baetis sp. and Stenonema interuptum (Ephemeroptera) 
disappeared from water bodies when the copper concentrations rose to 0.066 to 0.12 
ppm Cu. When this occurred, chironomid midges had a tendency to dominate the 
aquatic community, but this dominance was decreased as copper concentrations 
decreased. The dominance of some species of invertebrates seemed to be specific to 
particular concentrations, or a narrow range of concentrations. For example, 
dragonflies were at their greatest numbers when the copper concentrations were 
~0.066 ppm Cu, while species like Stenelmis (beetle) or Cheumatosyche (caddisfly) 
each attained maximum densities at 0.038 ppm Cu. A number of factors can 
determine why a particular species becomes dominant or obtains it greatest density 
when exposed to copper. Increases in densities of various groups were probably 
indirectly related to copper concentration through a lessening of competition and/or 
predation. However, if the concentration of copper was less than 0.023 ppm Cu, 
community composition was similar to control sites, which had mean copper 
concentrations of 0.009 ppm Cu. 
 
When the concentration of copper is very high in the sediment (180 to >1,000 ppm 
Cu) the benthic population may consist predominantly of organisms that are 
pollution-tolerant (Bennett and Cubbage, 1992). This appears to be happening in 
Lake Steilacoom, which has very high concentrations of copper and other heavy 
metals in the sediment. These pollution-tolerant organisms may not dominate the 
population in places where the sediment is covered over by algal mats, because mat 
inhabitants, which do not represent the infaunal community, did not come in direct 
contact with the sediment and were, therefore, protected from its toxic effects. 
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The most impressive results concerning the effects of copper treatment on diversity 
were seen in the Fairmont Lake chain (Minnesota). Not only were the numbers of 
benthic macroinvertebrates decreased in copper-polluted sediments, the number of 
species detected was much lower than in lakes that had never been treated with 
copper sulfate or in lakes that had their contaminated sediment removed by dredging 
and were not recently treated with copper sulfate. For example, the number of benthic 
species found in Fairmont Lakes after many years of treatment was low. Typically 
the number of species found in highly contaminated sediment were 1 or 2. However, 
after dredging and no treatment with copper sulfate for 2 to 9 years, the number of 
species found in the Fairmont Lakes ranged from 3 to 9.  
 
With fish, the species distribution in the Fairmont Lakes was generally considered to 
be poor after extensive treatment with copper sulfate. In 1938, prior to extensive 
treatment with copper sulfate, the roughfish:panfish:gamefish ratio was 55:38:7; but 
in 1964 after the Fairmont Lakes had been treated for 46 years with copper sulfate 
pentahydrate ranging from 0.0325 to 0.375 ppm Cu, this ratio had changed to 
82:17:1. It has been reported by Swingle (1950 and 1957) that the ideal ratio of prey 
fish:predatory fish ranges from 3:1 to 6:1 and prior to extensive treatment with 
copper sulfate, the ratio of prey fish: predatory fish was approximately 13:1, which 
while not ideal, provided some of the better game fishing in Southern Minnesota. 
Restocking in 1970 only temporarily improved the roughfish:panfish:gamefish ratio 
to 34:36:30. However, within 7 years, this ratio had changed to 79:18:1, which would 
not generally be considered to be ideal for gamefishing. After treatment with copper 
sulfate had been suspended for 2 years, this ratio improved to 61:33:6 and remained 
improved for at least 2 more years. In lakes that had never been treated with copper 
sulfate, but had been restocked 10 years prior to sampling, the 
roughfish:panfish:gamefish ratio was 1:9:90, which should provide good gamefishing 
even though the species distribution may not be ideal. In natural lakes that had never 
been restocked or treated with copper sulfate, the roughfish:panfish: gamefish ratio 
was 11:21:68, which should also provide for good gamefishing. It was also noted that 
walleyes, which were largely eliminated from the Fairmont Lakes in 1968, appeared 
in large numbers in 1984, which was only 3 years after treatment with copper sulfate 
was discontinued (Hanson and Stefan, 1984).  

 
• Potential impacts on habitat use for spawning, rearing and growth 
 

 Effects on Trout and other salmonids  
 

Copper sulfate has high acute and early life-stage toxicity to freshwater trout, 
anadromous trout and salmon. Copper sulfate has a high acute toxicity (low 96-
hour LC50) to rainbow trout (LC50 = 0.032 to 0.135 ppm Cu), Eastern brook 
trout (LC50 = 0.10 ppm Cu), cutthroat trout LC50 = 0.016 to 0.367 ppm Cu, 
steelhead trout (LC50 = 0.018 to 0.029 ppm Cu), Atlantic salmon (LC50 = 0.025 
ppm Cu), Coho salmon (LC50 = 0.045 to 0.067 ppm Cu), and Chinook salmon 
(LC50 = 0.019 to 0.089 ppm Cu). A number of authors have noted that copper 
sulfate treatment rates as high as 0.5 ppm Cu and as low as 0.04 ppm are used to 
control algae and Potamogeton pondweeds (Wagemann and Barica, 1979; 
Serdar, 1995; Whitaker, et al, 1978; Bohl et al, 1982, Gangstad, 1986; Gangstad, 
1978; EPA, 1985; de Zambrane, 1979 and Smith, 1935). While dissipation of 
copper sulfate is rapid (DT50 = ~2 to 7 days), concentrations of copper sulfate 

Supplemental Environmental Impact Statement Assessments of Aquatic Herbicides: 
DRAFT Volume 6 – Copper, Section 4 – ENVIRONMENTAL EFFECTS 

Vol. 6, Sect. 4 – Page 147 



 

can remain fairly high (~0.004 to 0.087 ppm Cu) for short-term exposures. For 
example, concentrations of copper in the Inglis Reservoir (Florida) remained at 
levels of 0.04 to 0.064 ppm for 3 days and 0.023 to 0.009 ppm for up to 14 days 
after treatment with 0.86 ppm Cu copper sulfate plus 1.0 ppm c.e. diquat 
(Gangstad, 1978). Treatment of two-thirds of Sylvia Lake (Washington) at rates 
of 0.5 ppm Cu showed that copper concentrations of 0.020 to 0.077 ppm Cu 
persisted in the outlet stream for at least 24 hours on the day following treatment 
and relatively high concentrations of copper (0.0095 to 0.052 and 0.0035 to 0.039 
ppm Cu) persisted at an undetermined distance downstream for 2 to 4 days, 
respectively (Serdar, 1995). Treatment of 6 prairie pothole lakes in Manitoba 
(Canada) showed steady state copper concentrations of 0.0038 and 0.0089 ppm 
Cu in 25 and 4 days, respectively, after treatment with 0.048 and 0.130 ppm Cu 
as copper sulfate. Treatment of these same lakes in Manitoba at rates of 0.250 
and 0.510 ppm Cu showed steady state copper concentrations of 0.038 and 0.087 
ppm Cu in 5.1 and 2.3 days after treatment (Wagemann and Barica, 1979). Due 
to different pH, hardness and alkalinity and apparent copper chelating capacity, it 
is difficult to predict from laboratory data if fish will be killed by exposure to 
copper sulfate at a particular treatment rate. However, it seems likely that 4-day 
EEC concentrations will have adverse impact in soft water on most salmonid 
species when they are higher than ~ 0.03 ppm Cu. This EEC provides no safety 
margin to the sensitive salmonid species since the LC50 of copper sulfate in soft 
water is 0.015 to 0.032 ppm Cu. The acute risk quotient for the endangered and 
sensitive salmonids exceeds the level of concern (0.05) in the outlet stream and 
the main body of Sylvia Lake. Therefore, it was concluded by Serdar (1995) that 
“given the hardness of the water in this stream (50 ppm CaCO3), these 
concentrations do not provide a sufficient margin of safety at levels where 
toxicity is expected to occur”. 
 
In water with high levels of hardness and alkalinity, salmonids are less strongly 
affected by treatments with copper sulfate (Table 8A). For example, under hard 
water and high alkalinity conditions, the cutthroat trout has a 96-hour LC50 of 
0.367 ppm Cu and this may provide a sufficient safety margin so that the high 
level of concern for non-endangered species (0.5) is not exceeded (RQ = 0.24 = 
0.087 ppm/0.367 ppm) when the treatment rate is 0.510 ppm Cu. However, since 
the cutthroat trout is an endangered species, the level of concern is set at 0.05 and 
use of copper sulfate under a restricted use label would not be considered a 
sufficient measure to provide a sufficient margin of safety to protect this and 
other endangered species. Since other species of salmonid are even more 
sensitive to copper sulfate in hard water (LC50 = 0.07 to 0.298 ppm for rainbow 
trout and LC50 = 0.130 ppm Cu for Chinook salmon), it seems unlikely that a 
sufficient margin of safety would be provided when copper sulfate is used at the 
maximum use rate (0.5 ppm Cu). However, when copper sulfate is used in hard 
water at concentrations of 0.048 to 0.130 ppm, the short term EEC is expected to 
range between 0.0031 and 0.0089 ppm. With these treatments, the level of 
concern should not be exceeded in hard water lakes like those found in Manitoba; 
RQ = 0.064 = 0.0089 ppm/0.14 ppm in rainbow trout; and RQ = 0.068 = 0.0089 
ppm/ 0.13 ppm in Chinook salmon; RQ = 0.024 = 0.0087 ppm/0.367 ppm in 
cutthroat trout (Tables 2, 8A and 18). This observation is born out by the field 
data. Whitaker et al (1978) found that concentration of copper sulfate at 0.04 
ppm Cu should control blue-green algae without adversely impacting rainbow 
trout. After using an application factor of 0.05 to 0.08, Demayo et al (1982) 
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indicated that a sufficient margin of safety should occur if copper is not added to 
Shayler Run (Ohio) at concentrations of higher than 0.029 to 0.046 ppm Cu. 
However, Brown et al (1974) noted, “It can be concluded that data from toxicity 
tests with copper in which natural surface waters are used for dilution purposes 
cannot define the true toxicity of copper, or have application to other natural 
waters except when the concentration of the toxic chemical species [Cu2+, 
CuOH+, Cu (OH)2 and Cu2(OH)2

+] are known” (Brown et al, 1974). Therefore, it 
would seem that safe levels of copper sulfate may be water body specific if 
salmonids and other sensitive species are to be protected. 
 
Since the most sensitive species of salmonids may be affected by concentrations 
of copper sulfate as low as those typically found in untreated water bodies 
(LOEC = <0.001 ppm for teratatogensis in rainbow trout, <0.0074 ppm for the 
early life stage in Chinook salmon and 0.0029 ppm Cu for immune response in 
brown trout). Therefore, it would seem that any addition of copper to a water 
body will cause chronic impact on sensitive salmonid species. However, chronic 
effects on salmonids are typically somewhat higher than this, with MATC values 
for early life stage typically ranging around 0.015 to 0.031 ppm in Chinook 
salmon and lake trout, respectively. Based on half-life calculations, the long-term 
time-weighted 90-day EEC should range from 0.002 to 0.016 ppm Cu for copper 
sulfate application rates of 0.0625 to 0.5 ppm Cu. Even at higher treatment rates, 
it is not likely that the early life stages of lake trout or Chinook salmon will be 
adversely impacted by typical application rates of copper sulfate (Tables 2 and 
23B).  

 
Rainbow trout fry and Atlantic salmon fry have avoided copper sulfate at 
treatment levels much below the standard treatment rates. At concentrations of 
copper sulfate pentahydrate that may be encountered in the environment (0.0001 
ppm to 0.010 ppm), approximately 80% of the exposed rainbow trout fry will 
avoid exposure in laboratory experiments. Since the LC50 for copper sulfate to 
rainbow trout fry is 0.14 ppm, it is likely that this species will be able to avoid 
toxic concentrations of copper sulfate and swim out of treated areas that may 
have adverse acute or chronic impact on them (Folmar, 1976). Atlantic salmon 
parr avoided 0.004 to 0.005 ppm Cu in the laboratory (Demayo et al, 1982) and 
this concentration is very much below the LC50 of 0.025 ppm Cu for this 
species. Another anadromous species of fish that can avoid copper sulfate is the 
Japanese eel. The Japanese eel can avoid copper at concentrations as low as 
0.001 ppm Cu. Based on the fact that the MATC has been reported to be much 
greater than 0.001 ppm, it is likely that the Japanese eel can avoid concentrations 
of copper that are likely to affect it adversely (Zhu, 1990). Rainbow trout, 
Atlantic salmon and Japanese eel will avoid concentrations of copper that are 
much below the concentration that will adversely impact them. The fish may 
avoid areas that may actually be suitable for their survival, growth and 
reproduction limiting their range more tightly than is necessary even in waters 
that have not been treated with copper sulfate. Fish driven from a habitat by 
avoidance behavior may not be able to obtain necessary resources for survival in 
other habitats. These resources may include food, refuge, mates and appropriate 
egg-laying (substrate). This may not be an issue with fish food resources. At least 
one of the preferred food species (Ephemerella walkeri) for rainbow trout only 
avoids concentrations of copper sulfate that exceeds 0.1 ppm. This mayfly 
species will be present if fish are present and are using mayfly nymphs as a major 
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food source. Therefore, the food supply should be adequate, as there would not 
be a tendency for mayflies to avoid or become dislodged or drift out of the area 
due to treatment with copper sulfate. Rainbow trout would avoid areas treated 
with copper sulfate before their prey organism was driven from the habitat 
(Folmar, 1978). It is unclear if other species of invertebrate like Gammarus 
lacustris would remain in an area that had been treated with copper sulfate until 
after rainbow trout or other salmonid species had been driven from the area. 
However, this crustacean is known to avoid concentrations of copper ranging 
from 0.19 to 0.46 ppm Cu. Since the LC50 for Gammarus lacustris is 0.06 to 
0.32 ppm Cu, this species is likely to be killed rather than driven from the 
treatment area. Therefore, it is likely that this crustacean will remain in the 
treatment area and serve as food for salmonids and other anadromous species for 
as long as these fish species remain in the treatment area (Marciorowski et al, 
1977 in Demayo et al, 1982). 
  
Probably the greatest concern is managing aquatic plants so that maximum 
breeding opportunities can occur. Although it can take up to 0.5 to 1.0 ppm of 
copper products to control algae and aquatic vascular plants, it has been reported 
that concentrations of copper sulfate as low as 0.04 ppm Cu can effectively 
manage Aphanizomenon flos-aquae in hard water pothole lakes of Manitoba, 
Canada (Whitaker et al, 1978). Furthermore, Gangstad (1986) has noted that 
continuous exposure of canals at 0.005 to 0.01 ppm Cu and reservoirs at 0.005 to 
0.02 ppm Cu of copper sulfate can effectively control algae. Continuous 
exposure of canals at 0.07 to 0.11 ppm cu and reservoirs at 0.05 to 0.10 ppm also 
effectively controls pondweed species like Potamogeton folius and Potamogeton 
pectinatus. The commercial copper-complexes like K-Tea™, Captain™, 
Cutrine®, Clearigate®, Komeen® and Nautique™ can also control aquatic 
macrophytes. While all of these products are labeled for control of Hydrilla 
verticillata, Komeen®, Nautique™ and Clearigate® are the only products known 
to control a large number of floating and emersed aquatic macrophytes at rates 
ranging from 0.5 to 1.0 ppm Cu. The labels for K-Tea™ plus diquat and 
Cutrine® plus diquat claim to control Hydrilla at application rates of 4 gallons 
copper-complex formulation /acre plus 2 gallons diquat formulation per acre (0.2 
ppm Cu plus 0.2 ppm c.e. diquat). However, Meyers and Stoner (1974) have 
indicated that these treatments do not significantly impact Hydrilla verticillata in 
the Cocoplum Waterway at Point Charlotte (Florida). There are indications that 
treatments with Cutrine® plus diquat at 18.7 + 18.7 L/hectare is only 
sporadically effective in controlling Hydrilla verticillata in various Piedmont 
Lakes in North Carolina. Furthermore, treatments with 84L/hectare (2 ppm Cu) 
of Cutrine® alone are only partially effective in the Piedmont Lakes. When these 
treatments are effective they appear to be only partially and temporarily effective. 
Treatment with Cutrine® plus diquat at much higher concentrations (2.2 ppm 
plus 3.0 ppm) appears to be effective in controlling watermilfoil and various 
species of algae. Cutrine® plus endothall at concentrations of 2.2 ppm plus 3.0 
ppm or Cutrine® plus diquat plus endothall at 2.2 plus 1.5 plus 1.5 ppm also 
appears to be effective in controlling watermilfoil and algae. Cutrine® plus 
endothall controls both algae and vascular plants. Time to control vascular plants 
takes about 40 days rather than the 24 days typically seen with the other 
treatments (Daniel, 1972). 
 

Supplemental Environmental Impact Statement Assessments of Aquatic Herbicides: 
DRAFT Volume 6 – Copper, Section 4 – ENVIRONMENTAL EFFECTS 

Vol. 6, Sect. 4 – Page 150 



 

Komeen® plus diquat at concentrations of 10 to 20 gallons formulation per acre 
(0.5 to 1.0 ppm Cu) have been effective in the controlling Hydrilla verticillata or 
Egeria densa. However, extremely dense growth of Hydrilla verticillata is not 
controlled by this treatment in the Cocoplum Waterway (Florida). Treatment of 
the Guntersville Reservoir with Komeen® plus diquat at 0.4 plus 0.4 ppm has 
been effective in the control of Hydrilla verticillata and Myriophyllum spicatum 
(Rodgers et al, 1992). Lower concentrations of Komeen® plus diquat (0.3 plus 
0.3 ppm) may also be effective in controlling Hydrilla verticillata. However, 
since the density of Hydrilla verticillata was low before treatment and 80 days 
after treatment, it is not clear if the treatments were responsible for keeping 
Hydrilla densities low (Bain and Boltz, 1992). 
 
Elimination of vascular aquatic plants from a habitat can have tremendous 
consequences. Due to the effects of erosion by floods, the character of a habitat 
may be changed from one suitable for the reproduction of sunfish to one suitable 
for the reproduction of salmonids. 
 
If water that contains commercial copper-complexes at effective concentrations 
passes from a lake or pond into a river or stream, rooted aquatic macrophytes 
may be destroyed. This can have a substantial impact during the next high water 
event. Normal spring floods in absence of rooted aquatic macrophytes can dig up 
and kill large numbers of benthic organisms while summer spates can completely 
denude streams of benthic biota. This damage to the benthic biota cannot be 
prevented if aquatic macrophytes are removed by the effects of herbicides.  
 
At 24 hours after application, the concentrations of copper sulfate in Sylvia Lake 
ranged around 0.062 ppm Cu. This was expected since the treatment of the 
eastern two-thirds of Sylvia Lake with 0.5 ppm Cu as copper sulfate was 
predicted to yield a copper concentration of 0.062 ppm for the entire lake, 
assuming complete mixing and dissolution of copper. In Sylvia Lake the 
concentration of copper ranges around 0.03 to 0.040 ppm after 4 days of 
dissipation in the treated sections of the lake. Concentrations of copper sulfate in 
the outlets of the lake persisted for up to 4 days at levels ranging from 0.0035 to 
0.039 ppm Cu. These concentrations of copper sulfate would not be expected to 
control vascular aquatic plants. However, continuous treatment of a canal or 
reservoir at 0.07 or 0.05 ppm Cu, respectively, has controlled some species of 
pondweed (Gangstad, 1986). Nevertheless, it is not clear if continuous exposure 
of Sylvia Lake to concentrations of copper at 0.010 to 0.020 ppm for 10 to 18 
days would adversely impact aquatic vascular plants. 
 
Treatment of the Guntersville Reservoir with concentrations of Komeen® as high 
as 0.4 ppm Cu dissipated to concentrations at or below the pretreatment 
concentrations within 1 to 2 days. Since a concentration of Komeen® below 0.2 
ppm for 28 days only controls Hydrilla verticillata at approximately the 50% 
level, it is not anticipated that Komeen® with a residence time of less than 2 days 
is likely to impact aquatic vascular plants adversely outside the immediate 
treatment area. 
 
Damage to vascular plants outside the immediate treatment area appears unlikely 
with copper sulfate, Komeen® or Cutrine®. However, these products may 
adversely impact some species of phytoplankton in soft water lakes. The 
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concentrations of copper in the water column may remain high enough to 
adversely impact the more sensitive phytoplankton for up to 18 days after 
application of a copper product. Masuda and Boyle (1993) found that Cutrine® 
may be effective for longer periods of time and at lower dosages in controlling 
algae than copper sulfate. Therefore, it seems likely that Cutrine® may damage 
the more sensitive algal biota for a period of longer than 18 days in soft water 
lakes. Damage to the algal species may impact both the numbers and time to 
maximum population of invertebrates like Daphnia pulex in water bodies treated 
with 0.5 to 2.0 ppm Cu as copper sulfate. If the numbers or timing of the 
maximum zooplankton population is changed, sufficient numbers of food 
organisms may not be present when free-swimming salmonid fry and juveniles 
are present in their largest numbers. Therefore, the nutritional needs of these 
young fish may not be met, leading to slower growth and development and 
possibly death of these young fish. 
 

 Effects on salmon smoltification 

Evidence for effects on salmon smoltification is of great potential concern with 
herbicides applied in northwestern waters. Seawater challenge tests conducted by 
Lorz and McPherson (1976) and Bouck and Johnson (1979) indicated that pre-
exposure of smolting (yearling) Coho salmon (Oncorhynchus kisutch) to copper 
sulfate or copper chloride led to increases in mortality when these fish were 
subsequently challenged by seawater. Exposure of Coho salmon smolts to as 
little as 0.005 ppm Cu for 144 hours caused subsequent mortality of these smolts 
when they were placed in seawater (29 to 32 parts per thousand saline) for 10 
days. Although mortality in seawater challenge tests were low (6%) after 
exposure to 0.005 ppm Cu, exposure to 0.010, 0.020 0.030 ppm Cu caused 41%, 
76% and 94 %  (respectively) mortality during seawater challenge tests. Similar 
concentrations of copper had similar effects on sockeye salmon (Oncorhynchus 
nerka) from Babine Lake [British Columbia (Davis and Shand, 1978b in Demayo 
et al, 1982)]. With both these species, exposure to 0.030 ppm Cu for 144 hours 
and subsequent exposure to seawater, showed that these smolts were unable to 
regulate their plasma sodium levels due to a decrease in the rate that gill ATP-ase 
hydrolyzed ATP. Although laboratory data indicates that copper disrupts the 
smolting process at concentration below 0.03 ppm Cu, Davis and Shand (1978 in 
Demayo et al, 1982) estimated that the threshold range of copper, which might 
disrupt the osmoregulatory capability of sockeye salmon from Babine Lake, was 
0.105 to 0.154 ppm Cu. The difference between the concentrations of copper that 
affected smoltification of salmon in the laboratory and Babine Lake water is 
believed to be due to the high apparent copper-complexation capacity that occurs 
in lake water. The copper-complexing capacity in Babine Lake water was in 
excess of 0.1 ppm, which would allow smolt and fingerling fish to tolerate 
copper concentrations of 0.24 ppm Cu at the LC50 level when concentrations 
that have been seen to produce adverse impact in other Oncorhynchus species are 
approximately 10-fold less (e.g. ~0.03 ppm Cu).  
 
Extremely low concentrations of copper chloride (0.005 ppm Cu) have inhibited 
the downstream migration of smolting Coho salmon after exposure for 165 days. 
The inhibition of migration was well correlated with both time of exposure and 
exposure concentration. For example, when smolting salmon were exposed for 
165 days to 0, 0.005, 0.010, 0.020 or 0.030 ppm Cu, 20%, 30%, 40%, 60% and 
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80% (respectively) of the smolts failed to migrate downstream in 29 days. When 
fish were exposed for 68 days to 0.030 ppm Cu, 40% failed to migrate which is 
much less than the 80% that failed to migrate after exposure for 165 days. 
Furthermore, fewer fish failed to migrate when exposed for 6 days to 0.030 ppm 
Cu than those exposed for 65 or 165 days to 0.030 ppm Cu. After 6 days of 
exposure, 48% of the smolting fish failed to migrate; after 165 days of exposure, 
80% of the fish failed to migrate (Lorz and McPherson, 1976). The exposure of 
Coho salmon smolts to concentrations of copper chloride as low as 0.03 ppm Cu 
for 72 hours or 68 days inhibited the downstream migration of a significant 
portion of the exposed fish. Inhibition of downstream migration is dosage-related 
with only 80% migrating downstream after exposure to 0.005 ppm Cu for 165 
days and 20% migration downstream after exposure to 0.030 ppm Cu. Ninety 
percent of typical control salmon smolts will migrate downstream. 

 
These results indicate copper products used for control of aquatic weeds may 
impact the smoltification process primarily by interfering with downstream 
migration. Although few species relevant to the Northwest have been tested, 
Coho salmon and sockeye salmon smolts may be sensitive to copper 
concentrations which may be encountered in the environment.  
 
Copper sulfate is not the only aquatic herbicide that interferes with 
smoltification. For example, Lorz et al (1979) found that Amitrole-T, diquat and 
paraqaut exposure in freshwater reduces the survival of salmon smolts placed in 
seawater. Furthermore, Bouck and Johnson (1979) noted that while copper 
sulfate and potassium permanganate exposure in freshwater significantly reduced 
the survival of salmon smolts gradually transferred to seawater, malachite green 
and Hyamine® 1622 were not as effective in causing mortality during a seawater 
challenge test. MS222, acrolein, dinsoeb, picloram, 2,4-5-T (triethylamine), 
atrazine, dicamba, fosamine ammonium and 2,4-D (dimethylamine) exposure in 
freshwater did not reduce survival of Coho salmon smolts when they were placed 
in salt water.  
 
Fairly low concentrations of copper (0.020 to 0.050 ppm) can produce 
histopathological changes in the olfactory tissue of salmonids, which may be why 
downstream migration in salmonid smolts was adversely affected. This may also 
be, in part, the reason that salmonids are able to avoid copper sulfate at very low 
concentrations. No doubt, prior to the destruction of olfactory tissue, this tissue 
becomes highly irritated causing fish to swim to locations where this irritation 
can be avoided (Folmar, 1976; Julliard et al, 1993 and Starcevic and Zielinski, 
1997). Concentrations of copper as low as 0.044 ppm have reduced the 
attractiveness of home-stream water in adult Atlantic salmon. Concentrations as 
low as 0.017 to 0.021 ppm Cu cause downstream migration in adult Atlantic 
salmon, when the usual direction of migration in adult salmon is upstream. 
Mixtures containing >0.038 ppm Cu and >0.477 ppm zinc can block Atlantic 
salmon runs. It is likely that the loss of the ability to smell and irritation of 
olfactory tissues causing an avoidance response are responsible for these changes 
in migration behavior (Klaprat et al, 1992). However, even subtle changes in 
histopathological effects of the olfactory nasal receptor cells at concentrations of 
copper that may be encountered in the environment at the lower use rates could 
adversely impact the ability of these salmon to escape from predators, pursue 
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prey, find mates, breed, resist disease or environmental assault due to pollution 
from other pesticides or other anthropogenic sources. 

 
 Effects on sea-run cutthroat trout and sea-run steelhead trout 

 
Minimal work was found on the effect of copper sulfate on sea-run cutthroat 
trout, sea-run steelhead or other anthodromous species like striped bass or 
Anguilla sp. The toxicity of inorganic copper salts to sea-run cutthroat trout is 
quite variable with LC50s ranging from 0.016 ppm Cu in water with low 
hardness and low alkalinity to 0.367 ppm Cu in water with high hardness and 
high alkalinity (Tables 2, 8A and 18). Increases in both hardness and alkalinity 
appear to decrease the toxicity of inorganic copper salts to sea-run cutthroat trout. 
The LC50 concentrations of copper chloride that affect sea-run steelhead trout 
varies from 0.018 to 0.029 ppm Cu. Sac-fry (LC50 = 0.028 ppm Cu) are 
somewhat less sensitive to copper chloride salts than swim-up fry (LC50 = 0.017 
ppm Cu) or parr (LC50 = 0.018 ppm Cu). A number of species of fish have eggs 
and sac-fry that may be less sensitive to inorganic copper salts than older stages 
of the fish. This may be due to the fact that the membrane (chorion) surrounding 
the egg or the yolk sac of sac-fry (alevins) can prevent the penetration of charged 
molecules or atoms. General acute toxicity data has been observed for several 
anadromous species of fish including the American eel (Anguilla rostrata), Coho 
salmon (Oncorhynchus kisutch), Chinook salmon (Oncorhynchus tshawytsha) 
and striped bass (Morone saxatilis). The LC50s for these species are 2.87 to 6.4, 
0.045 to 0.067, 0.019 to 0.178 and 0.025 to 0.155 ppm Cu. The toxicity of copper 
to fish depends on the species, the age and size of the fish at time of exposure, 
pH, water hardness, water alkalinity, apparent copper-complexing capacity, and 
the amount and kind of bottom substrate and suspended sediment. The effect of 
age and size in changing susceptibility of fish to inorganic copper salts is not 
uniform across species, age or size classes. However, in salmonids, eggs and sac 
fry are often less susceptible than some of the later life stages of the fish 
(Chapman, 1978 and Hazel and Meith, 1970). In Coho salmon, 56-day old fish 
(LC50 = 0.06 ppm Cu) are more susceptible to inorganic copper salts than 130-
day old fish (LC50 = 0.166 ppm Cu) or 151-day old fish (LC50 = 0.212 ppm 
Cu). However, Demayo et al (1982) stressed quite strongly that the influence of 
body size on the toxicity of inorganic copper salts was dependent on species of 
fish, toxicant and stage of development. Therefore, a strong correlation between 
age and/or size on the tolerance of fish to inorganic copper salts may or may not 
be present. For example, rainbow trout LC50s were approximately the same in 
small fish (3.9 grams) and large fish (176 grams). However, at very high 
concentrations, survival time in larger fish (ST50 = 19 hours at 0.4 ppm Cu) was 
much shorter than in juveniles [ST50 = 38 hours at 0.4 ppm Cu (Anderson and 
Spear, 1980 in Demayo et al, 1982)]. Based on the toxicity of inorganic copper 
salts to salmonids (96-hour LC50 = ~0.03 ppm Cu to all ages and size classes in 
soft water) copper sulfate is likely to be very highly toxic to salmonids. Hard 
water and high apparent copper-complexing capacity reduce the toxicity of 
inorganic copper salts in sea-run cutthroat trout. Since rainbow trout were 
strongly affected under hard water conditions at rates as low as 0.250 ppm Cu, it 
seems likely that typical recommended treatment rates will adversely impact 
salmonids (Whitaker et al, 1978). Copper sulfate and commercial copper-
complexes will probably have similar adverse impact on most salmonid species 
since the laboratory LC50s for copper-containing products is similar in most of 
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the salmonid species that have been tested (LC50s = ~0.03 to 0.1 ppm Cu). 
However, additional information on the acute, chronic and field toxicity of 
copper products to cutthroat trout, steelhead trout, brown trout, lake trout, various 
salmon and other anadromous species would be useful to aid in risk assessment 
with either these or related species. 

 
A potential complicating factor with sea-run cutthroat trout (Oncorhynchus 
clarkii), and steelhead trout (Oncorhynchus mykiss) is similar to the parr to smolt 
metamorphosis except that these sea-run trout may go through this process 
several times in their life-time including each time the adults migrate to the sea 
and the initial parr to smolt metamorphosis. Based on the seawater challenge 
tests and migration inhibition tests with Coho salmon, this seawater to freshwater 
to seawater metamorphosis maybe an issue with some strains and species of 
anadromous fish including salmon sea-run trout, eels and striped bass.  

 
 Effects on other species (sunfish, minnow and catfish)  

 
The acute and chronic toxicity of copper sulfate and the commercial copper 
products to fish can be very high. The acute LC50s from the testing presented in 
Table 18 for copper sulfate and other inorganic divalent copper salts range from 
0.016 to 7.3 ppm Cu. This range is affected by species tested, ages and size of the 
test species. For example, in soft water with low alkalinity, the toxicity (LC50) of 
copper sulfate pentahydrate ranges from 0.054 ppm Cu for the channel catfish to 
0.884 ppm Cu for bluegill sunfish. However, in hard water with a high alkalinity, 
the toxicity of copper sulfate ranges from 0.925 ppm for channel catfish to 7.3 
ppm Cu for bluegill sunfish. There are species, like cutthroat trout, that are even 
more susceptible to divalent copper salts (LC50 = 0.016 ppm Cu in soft water 
with low alkalinity and 0.365 ppm Cu in hard water with high alkalinity). After 
the egg and sac-fry stage, younger fish and smaller fish appear to be more 
susceptible to the toxic effects of divalent copper salts. For example, in guppies, 
the LC50 increased from approximately ~0.02 ppm Cu in newborn fry to ~0.14 
ppm Cu in adult males. However, most tests on the effects of fish size and age on 
the toxicity of copper salts have been conducted with salmonids. The effect of 
age and size in changing susceptibility of fish to inorganic copper salts is not 
uniform across species, age or size classes. Eggs and sac fry of salmonids are 
often less susceptible than some of the later life stages (Chapman, 1978 and 
Hazel and Meith, 1970). In Coho salmon, 56-day old fish (LC50 = 0.06 ppm Cu) 
are more susceptible to inorganic copper salts than 130-day old fish (LC50 = 
0.166 ppm Cu) or 151-day old fish (LC50 = 0.212 ppm Cu). However, Demayo 
et al (1982) stressed that the influence of body size on the toxicity of inorganic 
copper salts was dependent on species of fish, toxicant and stage of development. 
For example, rainbow trout LC50s were approximately the same in small fish 
(3.9 grams) and large fish (176 grams). However, at very high concentrations, 
survival time in larger fish (ST50 = 19 hours at 0.4 ppm Cu in rainbow trout) was 
much shorter than in juveniles [ST50 = 38 hours at 0.4 ppm Cu (Anderson and 
Spear, 1980 in Demayo et al, 1982)].  
 
As can be seen from the above presentation, water hardness and alkalinity are 
probably more important factors than size or age in determining the toxicity of 
copper sulfate to fish (Tables 8A, 8B and 18). The effect of water hardness and 
alkalinity appears to be fairly uniform across species with copper salts in soft, 
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low alkalinity water being uniformly more toxic than in hard, high alkalinity 
water. This has been noted for a variety of species including channel catfish, 
bluegill sunfish, Perciformes spp., fathead minnow and guppy. For details on the 
effects of water quality (alkalinity and hardness) on the toxicity of copper sulfate, 
see Table 8A. Furthermore, the effects of chelating capacity on the toxicity of 
divalent copper salts appear to be high. The effects of chelation capacity on the 
toxicity of copper sulfate were noted with salmonids. For example, Buckley 
(1983) and Brown et al (1974) found that the presence of sewage treatment plant 
effluent, which produces a high apparent copper-complexing capacity, protected 
rainbow trout and Coho salmon from the toxic effects of copper sulfate. In the 
absence of sewage treatment plant effluent, the toxicity (LC50) of copper sulfate 
to Coho salmon was 0.164 ppm Cu. But in the presence of water containing 40% 
sewage plant effluent, the LC50 of copper sulfate to Coho salmon was 0.286 ppm 
Cu. The presence of sewage plant effluent at 100% increases the survival time of 
rainbow trout exposed to 2.0 ppm Cu as copper sulfate to 80 hours when survival 
time in the absence of sewage plant effluent was only 8 hours. Brown et al (1974) 
also indicate that glycine, humic acid and suspended solids from a humus that 
could protect rainbow trout from the effects of copper sulfate. For example, in 
the absence of glycine or suspended solids the 72-hour LC50 of copper sulfate 
ranged from 0.6 to 0.8 ppm Cu. However, when 10 ppm glycine or 150 ppm 
suspended solids were present, the 72-hour LC50 of copper sulfate increased to 
4.7 and 2.0 ppm, respectively.  
 
The LC50 of inorganic copper salts in soft water is very low for striped bass 
(0.025 to 0.155 ppm Cu), channel catfish (0.054 ppm Cu), fathead minnow 
(~0.013 ppm Cu) and the northern squawfish (0.018 ppm Cu). Therefore, it 
seems likely that concentrations of copper found in the water column (0.030 to 
0.205 ppm Cu) of a soft water lake (Sylvia Lake) for the first 4 days after 
treatment with 0.5 ppm Cu (0.062 ppm Cu based on whole volume of the lake) 
will have an adverse impact on survival. In order for the time-weighted EEC of 
copper to not exceed the acute level of concern (0.1), the maximum treatment 
rate that could occur in a similar lake could not exceed ~0.0025 ppm Cu, which is 
probably too low to effectively control algal species in static water. This estimate 
is based on a half-life of 4 days, which would give a 4-day time-weighted 
average EEC of 0.0018 ppm Cu. If copper sulfate is used in soft water as a 
restricted use pesticide, effective application rates may still be high enough to 
exceed the high level of concern (0.5). Under this scenario, copper sulfate may be 
applied at concentrations of 0.025 ppm, which will probably be effective in 
controlling difficult algal species like Aphanizomenon flos-aquae. This estimate 
is based on a half-life of 4 days, which would give a 4-day time-weighted 
average EEC of 0.018 ppm Cu, which would be toxic to the more sensitive 
species of fish like fathead minnow or northern squawfish.  
 
In hard water, the concentration of inorganic copper salts would have to exceed 
0.32, 0.85, 0.81, 0.93, 7.3, 2.55, 6.2, 1.5, 0.32 and 0.6.0 ppm Cu in order to 
exceed the LC50 for the rainbow darter, orangethroat darter, mosquito fish, 
channel catfish, bluegill sunfish, various species of perch, white perch, fathead 
minnow, blacknosed dace or the Mosambique tilapia, respectively. In order for 
the time-weighted average EEC of copper not to exceed the acute level of 
concern in hard water, the initial treatment rate with copper sulfate could not 
exceed ~0.050 ppm Cu copper. However, based on the work of Whitaker et al 
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(1978), this concentration of copper sulfate should control some of the more 
difficult species of blue-green algae. This estimate is based on a half-life of 4 
days, which would give a 4-day time-weighted average EEC of 0.036 ppm Cu. 
Concentrations this low will be protective of rainbow trout in hard water fish 
farming ponds. So, fish that are more tolerant than rainbow trout should also be 
protected from the acute effects of copper sulfate. 
 
 “It can be concluded that data from toxicity tests with copper in which natural 
surface waters are used for dilution purposes cannot define the ‘true’ toxicity of 
copper or have application to other natural waters except when the concentration 
of the toxic chemical species [Cu2+, CuOH+, Cu(OH)2 and Cu2(OH)2

+] are 
known” (Brown et al, 1974). Brown et al (1974), Wagemann and Barica (1979), 
Demayo et al (1982) and Sanchez and Lee (1978) also claim that copper 
carbonate (CuCO3), cuprite [(Cu2(O)], malachite (Cu2CO3), azurite 
[Cu3(OH)(2[CO3])], tenorite (CuO), chalcocite (Cu2S) and other inorganic copper 
salts may also be toxic to fish in varying degrees; and while this is so, these 
copper species are not likely to be as toxic as the aforementioned toxic species 
and their relative concentrations will depend on the water quality of the water 
body in which copper is found. The relative amount of copper in the most toxic 
form (cupric ion) or less toxic complex forms (hydroxides, phosphates and 
sulfides) will depend on uncertainties in the thermodynamic data (hydrolysis 
constants, complex formation equilibrium constants, solubility and adsorption 
characteristics) of the Cu+2 complexes in a treated water body. Only labile forms 
of copper are likely to be toxic to fish. Forms of copper that are strongly bound, 
as are found in most natural water bodies that have not recently had additional 
copper added to control algae and aquatic weeds or from other anthropogenic 
sources, are unlikely to have adverse impact on the resident fish population 
(Chau and Chan, 1974).  
 
The only field studies addressing these issues were in cooling water 
impoundments connected with electrical generating plants. For example, in the 
H.B. Robinson (South Carolina) impoundment, dissolved concentrations of 
copper at 0.018 to 0.061 ppm can be higher than the apparent copper-complexing 
capacity. Under these conditions fish populations were smaller and structural 
deformities greater in bluegills collected from 1976 to 1978 than those found in 
previous years. Extensive investigations at this sight eliminated temperature, 
selenium, pesticides, water quality and vitamin C storage as causes of these 
adverse effects. Since total and labile (unstable) copper content in this power 
station effluent (0.013 to 0.0339 ppm) was much higher than in the effluent of 
other power stations (0.0004 to 0.0023 ppm), copper may have been responsible 
for the adverse impact. For example, the effluent from Fort St. Vrain (Colorado), 
Kewaunee (Wisconsin), and the Vermont Yangkee power stations had labile 
copper concentrations of 0.0004 to 0.0007, 0.0017 to 0.0023 and 0.001 to 0.0021 
ppm Cu, respectively. While the concentration of bound copper was also higher 
at the H.B. Robinson impoundment (0.0049 to 0.0268 ppm Cu) than at the other 
impoundments (0.0029 to 0.0045, 0.0014 to 0.0017 and 0.0012 to 0.0024 ppm 
Cu, respectively), it is not likely that bound copper will be toxic to fish since it is 
biologically unavailable (Harrison, 1985 and 1986). The apparent copper-
complexing capacity at these sites was low, and concentrations of copper that are 
less than 0.005 ppm are not likely to cause acute mortality or chronic adverse 
effects on bluegill sunfish (Harrison, 1986 and Harrison, 1985). Since the acute 
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LC50 for bluegill is 1.100 ppm Cu as copper sulfate (Benoit, 1975), 
concentrations of labile copper found in the H.B. Robinson impoundment (0.013 
to 0.0339 ppm Cu) are unlikely to have acute toxicity to bluegill sunfish. 
However, since the chronic MATC for embryo and adult survival is as low as 
0.015 to 0.029 ppm Cu (Benoit, 1975 and Sauter et a1, 1976 in Harrison, 1986), 
it seems likely that the abundance of larval and adult fish would be lower than 
would be found in the water of impoundments that have lower amounts of labile 
copper. Although it has not been reported with bluegill sunfish in the laboratory, 
growth has been reduced in catfish exposed to 0.22 ppm to 0.354 ppm Cu 
(Griffin et al, 1997 and Perkins et al, 1997) and rainbow trout exposed to 0.125 
ppm Cu (Majewski et al, 1978). Extremely low levels of divalent copper salts 
(LOEC = (0.037 ppm) have also reduced egg production in fathead minnows 
(Pickering et al, 1977 in Harrison, 1986). Extremely low levels of divalent 
copper salts (<0.001 to 0.01 ppm Cu) have also caused teratogenesis in rainbow 
trout (Birge and Black, 1979 in Harrison, 1986) and unspecified effects in life 
cycle tests with the bluntnosed minnow (Horning and Neihesel, 1979 in ACP, 
1999). Therefore, it seems likely that the concentrations of copper in the H.B. 
Robinson impoundment would be high enough to reduce larval and adult 
populations and cause structural deformities in the bluegill sunfish.  
Some investigators believe that copper will not be in the water column for long 
enough to have a true chronic impact on the more tolerant fish species like 
sunfish, minnows and catfish. For the estuarine species Leiostomus xanthurus 
(spot) and Menidia menidia (Atlantic Silverside), natural concentrations of cupric 
copper found in seawater may have an adverse impact on reproduction (egg 
hatching) particularly when the concentration of natural copper chelators is low 
(Engle and Sunda, 1979). Natural concentrations of copper in fresh water can 
range from 0.001 to 0.0065 ppm Cu. Therefore, whether or not acute effects 
occur will depend on the sensitivity of the species and the form that copper takes 
in the water body. Chronic effects of inorganic copper salts have been noted at 
concentrations lower than 0.001 to 0.005 ppm Cu in salmonids. However, 
chronic effects have not been reported in suckers (MATC = 0.015 to 0.021 ppm 
Cu), sunfish (MATC = 0.015 to 0.029 ppm Cu), fathead minnows and bluntnosed 
minnows (MATC 0.0088 to 0.037 ppm Cu), or channel catfish (0.016 ppm Cu), 
at concentrations typically encountered in the environment for long periods of 
time (Table 20). Extremely low and possible natural levels of copper may effect 
salmonids chronically. However, it does not seem likely that concentrations of 
copper that occur naturally (0.001 to 0.0065 ppm) or after equilibrium has been 
reached (<~0.01 ppm Cu) would typically have adverse chronic impacts on the 
more tolerant warm water fish species when treatment rates of 0.062 ppm Cu in 
soft water (Serdar, 1995) or up to 0.140 ppm Cu in hard water (Wagemann and 
Barica, 1979) are used. Furthermore, since the 28-, 60- and 90-day time-weighted 
EECs for copper sulfate after treatment with 0.15 ppm Cu as copper sulfate 
would be expected to be 0.015, 0.007 and 0.005 ppm Cu, the level of chronic 
concern (1.0) based on the calculated risk quotient would not be exceeded. 
However, treatment levels of higher than 0.15, 0.30, or 0.45 ppm Cu could have 
potential chronic impact after 28, 60 and 90 days of exposure since the time-
weighted chronic risk quotient may exceed 1.0 ppm Cu under these treatment and 
exposure scenarios.  
 
Fathead minnows in extremely soft water (30 ppm CaCO3) may be affected as to 
long-term survival, growth and reproduction at concentrations that range from 
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0.004 to 0.0106 ppm Cu. However, the effects of inorganic copper salts on these 
important reproductive parameters were minimal at these dosages and the unsafe 
concentration of copper on this species was estimated to be 0.034 ppm Cu. 
Waller et al (1971 in Demayo et al, 1982) estimated that egg production could be 
reduced by up to 50% and a viable fathead minnow population would still be 
maintained. However, 79% reduction in egg production would cause population 
extinction in fathead minnow. Other species of warm water fish like bluegills, 
herring, and smallmouth bass were not significantly impacted by chronic 
exposure to copper sulfate at less than 0.015 ppm. For example, an exposure of 
bluegill sunfish at 0.021 to 0.04 ppm Cu is necessary to affect chronic survival, 
growth and reproduction at the MATC level. Concentrations as high as 0.1028 
ppm Cu were necessary to reduce the standing crop of herring or smallmouth 
bass within 30 days of application (Demayo et al, 1982).  

 
A potential concern is the effects of copper on behavior and metabolic responses 
in wild fish. A relatively low concentration of inorganic copper salts (0.011 to 
0.017 ppm Cu) attracted goldfish and green sunfish but channel catfish were not 
attracted by these concentrations of inorganic copper. At these concentrations 
largemouth bass did not react to copper ions but the white sucker had a 
significant avoidance reaction. However, when relatively high concentrations of 
copper ion were present (0.025 to 10.0 ppm Cu), goldfish entries into the 
treatment zone were decreased significantly (Demayo et al, 1982). Lower 
concentrations of copper ion (~0.05 ppm Cu) attracted goldfish and channel 
catfish to the treatment area (Timms et al, 1972 in Klaprat et al, 1992). 
Concentrations of copper that are attractive to channel catfish may be toxic to 
them in extremely soft, low alkalinity water.   

    
 Heckler et al (1976 in Klaprat et al, 1992 and in Demayo, 1982) found that 

several species of fish avoided spawning in the Shayler Run (Ohio) where copper 
concentrations were higher 0.10 ppm Cu. However, the orangethroat darter was 
unaffected by copper concentrations found in the Shayler Run after treatment 
with 0.12 ppm Cu, and spawned throughout the control and exposure areas 
during 3 treatment seasons. The bluntnosed minnow only spawned in areas where 
the copper concentrations were less than 0.035 to 0.077 ppm Cu. A general effect 
of this exposure was that creek chubs were observed in pre-spawning activities in 
the exposure area of the Shayler Run, but no spawning occurred. Although 
laboratory tests indicate that concentrations of 0.218 ppm Cu were necessary to 
prevent spawning, the unsafe level in a stream that was predicted to prevent 
spawning was 0.12 ppm Cu. The concentration of copper that is predicted to be 
chronically unsafe is approximately 10-fold lower than the concentrations of 
copper (1.1 to 1.7 ppm) predicted to be acutely unsafe under high flow 
conditions. Lower concentrations (0.029 to 0.046 ppm Cu) were predicted to be 
safe under low flow conditions. These “safe” concentrations were calculated 
from the LC50 (0.57 to 21 ppm Cu) to bluntnosed minnow multiplied an 
applications factor (0.05 to 0.08), which provides a margin of safety to protect 
other more sensitive species of fish from the effects of inorganic copper salts.  
 
Brief exposure or chronic (1 year) exposure to copper sulfate or other inorganic 
copper salts at 0.5 and 0.017 ppm Cu, respectively, causes changes in glutamate 
oxaloacetic transaminase in salmonids (Williams and Wooten, 1981 and McKim 
et al, 1983 in Harrison, 1986). These changes in blood borne indicators of stress 
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may be accompanied by histopathological signs. Brief exposure of the rainbow 
trout to 0.06 ppm Cu can cause increases in respiratory distress as indicated by 
increases in cough rate, ventilation rate and opercular amplitude (Seller et al, 
1975 in Harrison, 1986). Sockeye salmon experience a rise in cortical steroid 
levels after brief exposure to inorganic copper salts at concentrations of 0.00635 
to 0.0635 ppm Cu (Donaldson and Dye, 1975). Similar concentrations (0.0029 
ppm Cu) suppressed the immune systems of brown trout after 38 weeks of 
exposure (O’Neil, 1981 in Harrison, 1986). These levels of blood borne signs of 
stress, histopathological signs and impacts on immune response will probably 
also be found in warm water fish like bass, minnows and catfish. However, only 
the goldfish and common carp have exhibited pathological signs, blood borne 
enzyme in the gills and blood and suppression of immunity at concentrations that 
range from 0.25 to 4.0 ppm Cu (Karan et al, 1998 and O’Neil, 1981 in Harrison, 
1986). Brief exposure to inorganic copper salts at 0.5 ppm Cu also causes 
respiratory stress in bluegill sunfish (Anderson and Spear, 1980 in Harrison, 
1986). The concentrations of copper in recently treated waterways (0.025 to 0.5 
ppm Cu treatment rate = 0.014 to 0.27 ppm Cu as a 4-day time weighted average) 
and those that have not been recently treated (0.0025 to 0.05 ppm Cu as 28-day 
time-weighted average) are high enough to cause signs of stress in salmonids. 
However, it seems unlikely that these concentrations would affect carp, since 
they are lower than the typical LOECs (0.25 to 4.0 ppm) that cause signs of stress 
in carp. 

 
As discussed previously, Bain and Boltz (1992) and Rodgers et al (1992) found 
that treatment with diquat plus Komeen® in areas of Hydrilla verticillata and 
Myriophyllum spicatum infestation had no harmful effects on non-target aquatic 
resources like sport fish. Furthermore, treatment with diquat plus Komeen® has 
no significant effects on abundance, size structure, condition, or movement of 
largemouth bass within the Guntersville Reservoir (Alabama). However, not all 
mixtures of diquat and commercial copper-complex were safe for fish. Treatment 
with diquat at 3.0 ppm plus Cutrine® at 2.2 ppm reduced the number of 
indigenous fish to zero within 24 hours of treatment in microcosms located in 
ponds in Franklin (Wisconsin).  
 
Copper sulfate has varied effect on fish when a water body has been treated at 
rates ranging between 0.125 ppm and 1.0 ppm Cu. Smith (1935 and de 
Zambrane, 1979) found that copper sulfate is toxic to fish at standard treatment 
rates (0.5 ppm copper sulfate pentahydrate = 0.125 ppm Cu) in Lake Jesse (New 
York) and Lake Maracaibo (Venezuela). These authors along with the Maine 
Department of Environmental Protection (Maine, 1976) have recommended that 
copper products not be used for the control of algae particularly in soft water 
lakes. However, Masuda and Boyd (1993) have indicated that both copper sulfate 
and Cutrine® can be used safely in lakes where the molar Cu2+ concentration 
does not exceed 1% of the alkalinity. For example, 1.25 ppm copper sulfate 
killed 90% of the treated channel catfish in soft water (20 ppm CaCO3) but only 
5% in hard water (400 ppm CaCO3). However, this protection to catfish was only 
provided by water hardness due to calcium carbonate. Similar hardness, due to 
the presence of magnesium carbonate (MgCO3), did not protect channel catfish 
from 1.25 ppm copper sulfate (Perschbacher and Wurts, 1999). Furthermore, 
copper sulfate was toxic to catfish in the laboratory at concentrations used to kill 
the winter kill organism (Sporlegniosis) under soft water conditions (Bly et al, 
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1996). However, although copper sulfate pentahydrate is toxic to a variety of fish 
at standard treatment levels, copper sulfate pentahydrate at concentrations up to 
1.0 ppm Cu and copper sulfate pentahydrate plus diquat at concentrations up to 
1.0 ppm Cu plus 1.0 ppm c.e. were not acutely toxic to bluegills, largemouth bass 
and channel catfish in pools that had bottom sediments consisting of 50% sand 
plus 50% peat (Gangstad, 1978). It is apparent that the toxic effects of copper 
sulfate in a water body depends on the species of fish present, the alkalinity/water 
hardness and the amount of organic and inorganic chelators that are dissolved in 
the water. For example, the striped bass and rainbow trout are very susceptible to 
copper sulfate and may be adversely impacted in soft water at concentrations that 
range from 0.025 to ~0.03 ppm Cu. However, while channel catfish are sensitive 
to copper sulfate in soft water (LC50 = 0.054 ppm Cu), it is not particularly 
sensitive to copper sulfate in hard water (LC50 = 0.93 ppm Cu). In a natural 
water body (Shayler Run, Ohio), the bluntnosed minnow has an LC50 that ranges 
between 0.57 to 21 ppm Cu depending on the amount of detoxifying agents 
found in the introduced effluent from a local waste water treatment plant 
(Demayo, 1982).  
 
Effects on the feeding behavior in fish have also been discussed. Although 
salmonids exhibited anorexia at copper concentrations ranging from 0.043 to 0.3 
ppm Cu, no work has been conducted with warm water fish on appetite 
suppression caused by treatment with copper sulfate (Lett et al, 1976 and Grande, 
1967 in Harrison, 1986). However, treatment with diquat plus Komeen® at 0.3 
plus 0.3 ppm produced no obvious changes in the population size structure of 
largemouth bass (Table 22). Although the condition or health of largemouth bass 
decreased for 30 to100 days during the spring and summer treatment season, 
these changes were not well correlated with treatments to control Hydrilla 
verticillata and Myriophyllum spicatum in the Guntersville Reservoir (Bain and 
Boltz, 1992). 

 
 Effects on invertebrates 

 
Data on the field effects of copper sulfate against aquatic invertebrates is not 
extensive and no data has been found on the field effects of commercial copper-
complexes against aquatic invertebrates. From the laboratory data it is apparent 
that both free-swimming species (cladocerans, copepods, rotifers) and many 
sediment-associated (some annelids, crab larvae, some chironomids, freshwater 
clams, embryonic oysters, some other bivalves and molluscs, some scuds and 
other amphipods, some pond snail species, larval American lobster, an arrow 
worm, and a branchiopod) are very sensitive to copper sulfate (Table 19). Typical 
field treatment rates (0.5 ppm copper sulfate = 0.125 ppm Cu) have completely 
destroyed limnetic zooplankton in Lake Jesse [New York (Smith, 1935)] and 
standard levels of copper sulfate treatment used to control algal blooms were 
toxic to crustaceans (particularly white shrimp) in Lake Maracaibo [Venezuela 
(de Zambrane, 1979)]. Laboratory data confirm that copper sulfate is extremely 
toxic to many aquatic invertebrates; the LC50 of copper sulfate to Daphnia 
species range from 0.005 ppm Cu for D. hyalina to 0.06 ppm Cu for D. magna 
tested in soft water from Lake Superior. Not all natural-water systems are 
protective of cladocerans. For example, soft to intermediately hard overlying 
pond waters used in tests with natural sediments contaminated with copper from 
smelting operations were toxic to Daphnia magna and Ceriodaphnia dubia with 
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LC50s of 0.008 and 0.009 ppm Cu, respectively. Tests with laboratory water may 
not adequately predict the acute toxicity of inorganic copper salts to fresh water 
copepods. For example, the LC50 to Cyclops ambyssorum of inorganic copper 
salts in laboratory water was 2.5 ppm Cu, while the LC50 to Cyclops sp. of 
inorganic copper salts in natural pond water ranged from 22.5 to 57.3 ppm Cu. 
Typical laboratory LC50s for aquatic invertebrate arthropods range from 0.003 
ppm Cu in Ceriodaphnia dubia to 0.053 ppm Cu for the mayfly (Cloeon 
dipterum). There are also mollusc species that are extremely susceptible to 
inorganic copper salts like Corbicula manilensis larvae (LC50 = 0.025 ppm Cu) 
and embryos of Crassostrea spp. (LC50 = 0.0053 to 0.13 ppm Cu). In soft water, 
the scud (Gammarus pseudolimnaeus) and the amphipod (Hyalella azteca) are 
very susceptible to copper sulfate with LC50s of 0.020 and 0.07 ppm Cu, 
respectively. However, other species of aquatic invertebrates may be highly 
tolerant of inorganic copper salts. For example, the stonefly (Acroneuria 
lycorias), the annelid (Aeolosma headleyi), the mollusc (Amicola sp.), the 
caddisfly (Tricoptera), late instar bloodworms (Chironomus tentans), adult 
freshwater clams (Corbicula manilenis), damselflies (Anisoptera) and the red 
swamp crayfish (Procambarus clarkii) are very tolerant of inorganic copper salts 
(LC50 >1.0 ppm Cu). There are also a very large and diverse group of aquatic 
organisms that show somewhat intermediate toxicity to inorganic copper salts 
(LC50 ranging between ~0.1 and ~1.0 ppm Cu). Typical time-weighted short-
term concentrations of copper in hard water lakes and ponds range from 0.04 to 
0.06 ppm Cu after treatment with copper sulfate at 0.048 to 0.140 ppm 
(Wagemann and Barica, 1979). Furthermore, typical 1- to 4-day time-weighted 
concentrations of copper in soft water lakes range from 0.08 to 0.03 ppm Cu after 
treatment with copper sulfate at 0.062 ppm Cu (Serdar, 1995). It is likely that 
these concentrations will acutely impact sensitive cladocerans, amphipods, 
insects and molluscs with LC50s to inorganic copper salts ranging from 0.005 to 
0.053 ppm Cu. It is also likely that these concentrations will not acutely impact 
the species that have LC50s to inorganic copper salts >1.0 ppm Cu. However, a 
sufficient margin of safety may not exist for those species with LC50s to 
inorganic copper salts ranging between 0.1 ppm and 0.5 ppm Cu.  
 
One application of copper sulfate to ponds in Duluth, Minnesota or at the 
University of Washington at 0.5 ppm does not affect the average and maximum 
number of Daphnia pulex during the growing season. However, there is a shift in 
the time of peak cladoceran abundance. The time to peak abundance is 
approximately 20 days later after treatment with copper sulfate at 0.5 ppm Cu 
than in ponds that were not treated. It took ~20 days after test initiation for peak 
abundance of Daphnia pulex to occur in the untreated control ponds, but it took 
~40 days after treatment for peak abundance of Daphnia pulex to occur in ponds 
treated with 0.5 ppm Cu. At higher treatment rates (1.0 to 2.0 ppm Cu) the time 
to peak abundance of Daphnia pulex populations could be further delayed (time 
to peak abundance was 40 to 60 days) and in some cases the populations of 
Daphnia pulex did not increase during the 60-day course of the study. This shift 
in peak abundance correlates well with a decrease in concentration of total 
copper. However, total copper is not a good indicator of the amount of available 
(labile) toxic copper species (Cu2+, CuOH+, Cu2(OH)2

+ or Cu(OH)2) found in the 
water column (Taub et al, 1986). Not all species of Daphnia respond in the same 
manner to challenges from copper sulfate. For example, Le Blanc (1985) found 
that D. magna appeared to compete more effectively with D. pulex when they are 
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exposed to 0.030 ppm Cu, if both populations are pre-exposed to 0.010 ppm Cu. 
After exposure to copper sulfate pentahydrate was withdrawn, D. pulex once 
again became the more effective competitor. This observation was explained by 
the fact that while D. magna developed a tolerance to copper sulfate exposure, D. 
pulex did not. Furthermore, the intrinsic rate of population growth in D. magna 
was largely unaffected by exposure to copper sulfate concentrations up to 0.060 
ppm Cu. However, the intrinsic rate of population growth was decreased by 
nearly 50% when D. pulex populations were exposed to 0.060 ppm Cu.  
 
Other species of invertebrates have also been adversely impacted in the field 
when treatment with diquat for aquatic weed control was necessary. For example, 
Harman (1978) observed that treatment with copper sulfate plus diquat dibromide 
caused the benthic communities to become atypical; benthic communities in 
treated lakes are much different than in lakes that have never been treated with 
copper sulfate plus diquat dibromide. Treatment of the Solomon Dam in North 
Queensland, Australia, to control algae, killed almost the entire invertebrate 
plankton populations. Susceptible species included cladocerans like Ceriodapnia 
cornuta, Moina micrura, Daphnosoma sarsi and Daphnia lumholtzi, copepods 
like Meocyclops notius and the rotifer Brachionus calciferous. Fourteen days 
after treatment, Brachonius calciferous recolonized this reservoir and after 1 
month, the copepods and cladocerans displaced these pioneer rotifers (Hawkins 
et al, 1988). Koivisto and Ketola (1995) confirmed this when they found that 
treatment with copper at 0.010 to 0.03 ppm affects the life history of daphnids 
and rotifers. Only a slight delay in the maturation of daphnia was observed at 
these concentrations, but the same concentrations of copper had effects on 
survival, growth and maturation in the rotifer (Bosmina). Furthermore, Bosmina 
is about 2-times more sensitive to copper treatments than daphnia.  
 
Treatment of ponds in the Lahore District (India) with 10 ppm copper sulfate was 
effective as a molluscide on a liver fluke vector (Lymnaea sp.) but these 
treatments did not affect other aquatic fauna or vegetation in either laboratory or 
field studies (Hussain et al, 1996).  Laboratory work with slow-release copper 
sulfate products applied at labeled use rates to control snails in China indicate 
that the copper residual levels were short-lived in plain lake water and nil in the 
presence of mud or aquatic weeds (Chu, 1976).  It has been observed in the 
laboratory that the 96-hour LC50 of copper sulfate pentahydrate is 0.06 to 0.39 
ppm Cu on the live-bearing pond snail (Viviparus bengalensis). Copper sulfate 
was more toxic at higher temperatures (LC50 = 0.06 ppm Cu at 32.5°C) than at 
lower temperatures (LC50 = 0.39 ppm at 20.3°C). Behavioral effects were noted 
at higher concentrations and involved secretion of mucus and a discharge of eggs 
and embryos (Gupta et al, 1981). Behavioral effects also occurred after the 
treatment of Bosmina calciflorous and Daphnia magna with copper sulfate. The 
24-hour EC50 producing anorexia in these species was 0.043 and 0.090 ppm, 
respectively. One would therefore, expect to see anorexia in these species at 
concentrations of copper sulfate typically used to control algae (Ferrando and 
Andreu-Moliner, 1993). Several authors have confirmed that the presence of 
sediment tends to decrease the toxicity of copper to a variety of aquatic 
invertebrates including Daphnia magna, amphipods, chironomids and the 
nematode [Caenorhabditis elegans (Clement and Cadier, 1998, Hoess et al, 
1997)]. Furthermore, the particle size of the sediment has a strong impact on the 
toxicity of copper sulfate on aquatic animals. For example, toxicity decreased on 
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Caenorhabditis elegans as particle-size distribution decreased and organic matter 
levels increased. Hoess et al (1997) concluded that particle size and organic 
matter levels are determinant factors for the ecotoxicology of copper in sediment. 
 
Even fairly high field treatment rates (4 lbs/surface acre) of copper sulfate for the 
control of Anabaena circinalis did not affect copepods or rotifers. Copepods and 
Bosmina longirostris were more resistant to copper sulfate than Daphnia sp. 
Presumably, this was determined by relative population sizes of these species 
before and after treatment with copper sulfate. Bosmina appeared to be especially 
tolerant of the effects of copper sulfate, and after treatment, the population of this 
species multiplied to 154 animals/L in the top meter of the water column. The 
authors did not indicate at what time frame this increase in the rotifer population 
occurred (Sawyer, 1970).  
 
There can be major impacts on the population of animals that are important to the 
food web. Copper sulfate at rates used to control aquatic vegetation in fish ponds, 
killed a number of organisms important to the web including Malcosrtaca 
(Gammarus spp.), gastropods and larval chironomids. However, copepods, which 
may be of a similar size class to the groups that were killed, appear to be spared 
from the use of copper sulfate at these rates (Severin-Reyssac, 1990). However, 
Neururer (1972) came to a somewhat different conclusion. He found that copper 
sulfate at rates high enough to control 90% of aquatic weeds should have a 10-
fold safety factor on the invertebrate species that are important to the food web 
and to aesthetically or economically important fish.  
 
Other species previously described in the section on diversity also decrease in 
numbers due to effects from copper sulfate treatment, but not in every case. At 
Lake Steilacoom, Sylvia Lake, the Fairmont Lakes and Lake Monona, the 
concentration of copper in the sediments due to treatment with copper sulfate has 
accumulated to high levels in the surface sediments. The concentrations of 
copper in the sediment ranged from 180 to 1,000, 80 to 258, 170 to 5,600, and 
256 ppm Cu, respectively. In all of these lakes, the concentration of copper in 
sediment is greater than the level of copper that is generally considered to have 
severe impact (>110 ppm Cu). It is expected that copper will have an adverse 
impact on sediment organisms at concentrations in excess of 110 ppm Cu. 
Although both numbers and diversity of sediment organisms decreased 
significantly in Lake Steilacoom and the Fairmont Lakes, no adverse impact was 
seen on the aquatic organisms in Lake Monona. Furthermore, in those lakes 
where a decrease in the diversity was seen, the dominant organisms were 
typically those that were tolerant of pollution (Bennett and Cubbage, 1992; 
Serdar, 1995; Hanson and Stefan, 1984 and Sanchez and Lee, 1978). Species 
believed to have a high tolerance to pollution include Chironomus spp. and the 
oligochaete Bothrioneurum vejdovkyanum. Those species that had a low 
tolerance to pollution include the oligochaete Ophidonais sepentina and the 
cladoceran Simocephalus vetulus. Lake Steilacoom is considered to be highly 
polluted with copper, other toxic metals and organic pollutants. This level of 
pollution was based on the Hilsenhoff Biotic Index, which assigns to each taxa 
present a pollution tolerance value and then multiplies that value by the relative 
abundance of that taxa. These values are then summed and divided by the 
number of taxa present. On a scale of 0 to 10, low values indicate that the 
sediment is not polluted. Lake Steilacoom has an Hilsenhoff Biotic Index value 
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of 6.9 in the north basin, which is considered to be moderately polluted, and 9.3 
in the south basin, which is considered to be highly polluted. However, even in 
highly polluted situations, a high count of epibenthic organisms was found when 
algal mats were present. Apparently algal mats prevent contact with the sediment 
and these epibenthic organisms, which do not represent the infaunal community, 
were protected from the effects of toxic sediment. 
 
Chronic risk is likely to be acceptable in the water column of field sites treated 
with copper sulfate. Long-term EEC values will generally be low (Wagemann 
and Barica, 1979). However, it is expected that the long-term EEC would be 
somewhat higher for soft water lakes with typical copper concentrations at 
equilibrium ranging between ~0.003 and ~0.01 ppm Cu after treatment with 
copper sulfate at 0.062 ppm Cu (Serdar, 1995). Biesinger and Christensen (1972) 
estimated that the chronic safe level of copper ion to aquatic invertebrates in life 
cycle tests ranges between 0.0046 to 0.008 ppm Cu for Gammarus 
pseudolimnaeus and 0.022 ppm Cu for Daphnia magna. However, while it seems 
unlikely that Daphnia magna will encounter long-term concentrations in the field 
that will adversely affect reproduction, the sensitive Gammarus pseudolimnaeus 
may be adversely affected as to growth and reproduction at the higher 
concentrations that may be encountered in the field.  
 
Laboratory and field work indicate that the commercial copper-complexes like 
Cutrine® and Komeen® appear unlikely to acutely impact aquatic invertebrates 
due to the direct toxicity of the herbicide. For example, the tested invertebrates 
were relatively insensitive to Cutrine® with typical LC50s ranging around 10 
ppm Cu in very soft and very hard water. Even in the most sensitive species of 
aquatic invertebrate (grass shrimp), the LC50 from Cutrine® was 4.8 ppm Cu. 
Since the maximum use rate of Cutrine® is 1.0 ppm Cu, it seems unlikely that 
Cutrine® will adversely affect aquatic invertebrates. Even with the most sensitive 
species of invertebrate the risk quotient does not exceed the high level of concern 
(0.5); RQ = 0.21 = 1.0ppm/4.8 ppm. Therefore, the aquatic invertebrate biota 
should not be impacted by the use of Cutrine® to control Hydrilla and algae, 
particularly if the product is used under a restricted use label. 
 
Rodgers et al (1992) noted that herbicides used in the Guntersville Reservoir 
project provide a very effective tool for managing vegetation. The margin of 
safety for these herbicides on non-target species such as insects, zooplankton and 
fish has been clearly illustrated by the lack of harmful effects on non-target 
aquatic resources such as sportfish and molluscs. The herbicidal products used to 
manage Hydrilla verticillata and/or Myriophyllum spicatum in the Guntersville 
Reservoir include 2,4-D DMA, endothall, fluridone and Komeen® plus diquat. 
However, additional work is necessary to support the use of Komeen® plus 
diquat in the Guntersville Reservoir because herbicides containing copper have a 
tendency to accumulate in the sediment at levels that are likely to be toxic to non-
target sediment organisms like molluscs. Other sensitive species of invertebrate 
associated with the sediment may include Daphnia magna, Ceriodaphnia dubia, 
Hexagenia limbata, and Hyalella azteca, Cyprinotus incongruens (Copepod), 
Ophidonais serpentina (oligochaete) and Simocephalus vetulus [water flea 
(Bennett and Cubbage, 1992)]. These species are known to be highly sensitive to 
copper that has been adsorbed to the sediment.  
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Dissolved oxygen content (DOC) can effect the suitability of breeding habitat. 
Daniel (1972) found that treatment with diquat plus Cutrine® at concentrations 
of 3.0 plus 2.2 ppm, respectively, for the control of watermilfoil (Myriophyllum 
exalbescens caused the dissolved oxygen concentration to drop to less than 1.0 
ppm for more than 4 days. The DOC recovered in about 2 weeks to 1.5 months. 
Recovery of DOC occurred more rapidly in surface waters than in 30 to 90 cm 
deep water. Such conditions of anaerobiosis may be the primary cause of fish-kill 
or invertebrate-kill (Frank, 1972) or it may contribute to fish-kill by increasing 
the toxicity of the herbicidal treatment (Daniel, 1972).  

 
 Interaction of water quality with commercial copper products and their 

commercially recommended adjutants  
 

Water quality encompasses many parameters, but the toxicity of chemicals to fish 
is most often influenced by water hardness, alkalinity, pH and the inter-related 
factors of temperature and dissolved oxygen.  
 
Hardness, alkalinity and pH and the presence of high concentrations of inorganic 
and organic chelating agents and water flow rate are the main factors that affect 
the toxicity of copper products in water. All of these factors have been 
extensively investigated. As discussed previously, herbicidal copper products 
exhibit much higher toxicity to fish and aquatic invertebrates at low hardness and 
low alkalinity. Low pH may also heighten the toxicity of herbicidal copper 
products since the toxic cupric ion concentration is higher at lower pHs. 
However, extremely low pHs (<6.0) may antagonize the effects of copper on 
algae because the hydronium ion (H3O+) competitively competes with copper for 
attachment to potential sites of lesion. For example, in Table 8A, high water 
hardness and high alkalinity correlates with low inorganic copper salt toxicity 
(LC50 = 0.367 ppm Cu in Oncorhynchus clarkii) while low hardness and low 
alkalinity correlates well with high inorganic copper salt toxicity (LC50 = 0.016 
ppm Cu in Oncorhynchus clarkii). Water hardness and alkalinity appear to work 
together to determine the toxicity of copper products (Table 8A). All copper 
products tested (inorganic copper salts, K-Tea™, Cutrine®, Copper Control® 
and Komeen®) all have greater toxicity in soft and or low alkalinity water than in 
hard and/or high alkalinity water. Details on this phenomenon with both fish and 
aquatic invertebrates can be found in Tables 18 and 19 with more precise 
information found in Table 8A. 
 
In Washington State, hard water/higher pH conditions are generally found in 
eastern Washington lakes relative to western Washington lakes. Some mitigating 
factors for the protection of the more susceptible stages and species may include 
using commercial copper products in hard, high alkalinity water bodies and 
selecting another herbicide with a less adverse impact in soft water to treat soft, 
low alkalinity water bodies.  
 
Another factor, which appears to affect the toxicity of copper products 
(particularly copper sulfate) in water, is the apparent copper chelating capacity. 
Table 8B shows the effects of both natural and synthetic copper chelators. As 
apparent copper chelation capacity rises, the toxicity of inorganic copper salts 
decrease.  For example, humic acid, oxalate glycine, citrate, sewage effluent, 
suspended organic matter from a humus tank, TRIS, EPES and EDTA decrease 
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the toxicity of inorganic copper salts. Other inorganic chelators (hydroxides, 
cyanates, carbonates, chlorides, sulfates, sulfides, phosphates and nitrates) and 
natural organic chelators (amino acids, amino sugars, polypeptides, citric acid, 
oxalate, humic substances like fulvic acid and humic acids, alcohols, ureas and 
sewage effluent) and synthetic organic chelators (EDTA, NTA, TRIS, TPP, NTI, 
HEPES, TEA, MEA and EDA) have also been suggested as agents for the 
removal of copper sulfate toxicity. 

 
Because very little work has been done on the effects of pesticide combinations, 
it is unclear whether other pesticides, applied for other purposes, would typically 
enhance the effects of copper sulfate, Cutrine® or Komeen®. However, 
Cutrine®-Plus and diquat have a synergistic toxicity on a number of fish species 
including brown trout (Simonin and Skea, 1977 and Daniel, 1972). However, 
Cutrine®-Plus or Komeen® combined with diquat is not synergistic against the 
apple snail (Winger et al, 1984). Mixtures of parathion plus diazinon plus copper 
sulfate have a better than additive effect (synergistic effect) on bluegill sunfish 
(Macek, 1975). The organophosphates (parathion and diazinon) have previously 
been applied to various water bodies in order to control larval insects 
(particularly mosquitoes, blackflies and midges), which have adult forms that are 
either a nuisance or vector disease. However, these organophosphates are 
currently banned for use in aquatic insect control due to high toxicity to fish and 
aquatic invertebrates. The only way that these organophophates can currently co-
occur with commercial copper products is if they are accidentally introduced to 
the aquatic environment due to misapplication, over-spray or runoff. Details of 
these synergistic effects may be found in Section 4.2.4. 

 
In the State of Washington, commercial copper products are rarely mixed with 
other products. However, for the control of floating plant species, the use of 
nonionic surfactants is highly recommended when the commercial copper-
complexes are used (Komeen®, Nautique™ and Clearigate® label). Also, the 
use of thickening agents or invert-emulsions is recommended for applications of 
the commercial copper-complexes (K-Tea™, Captain™, Cutrine®, Clearigate®, 
Komeen® and Nautique™) to control Hydrilla verticillata or Komeen®, 
Nautique™ or Clearigate® to suppress the growth of other submerged aquatic 
macrophytes. A number of surfactants are registered for use with water-soluble 
herbicides like the commercial copper-complexes, but expert advice should be 
sought to avoid using ionic surfactants or surfactants that may be otherwise 
incompatible with the commercial copper-complexes. Some ionic surfactants like 
ABS or LAS are known to have synergistic effects with copper against rainbow 
trout while non-ionic surfactants like nonylphenol ethoxylate usually have only 
additive or slightly antagonist effects against rainbow trout when they are 
combined with commercial copper products. Professional researcher, Kurt 
Getsinger believes that when copper-complexes and/or diquat are applied to 
floating or emergent vegetation that a nonionic surfactant and/or drift control 
agent should be used. Furthermore, a thickener or invert-emulsion is often used 
with liquid products applied by subsurface injection to allow the treatment to sink 
more deeply into the water column where it can be most effective.  

 
There are a number of adjuvants registered for aquatic use in Washington State. 
Most nonionic surfactants should be mixed at 0.25% to 0.5% by weight of 
application solution when copper-complexes plus diquat are being applied to 
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floating (surface) or emergent aquatic macrophytes. The toxicity of these 
adjuvants to bluegill sunfish, rainbow trout and daphnia has been well 
documented. None of these aquatic adjuvants should be toxic to fish or aquatic 
invertebrates when applied at labeled rates. However, Watkins et al (1985) found 
that some aquatic adjuvants have a potential to be toxic to aquatic organisms 
when applied to shallow water. For example: 1) If Spar-Mate® is applied at the 
labeled use rates to water with a depth of less than 1.5 meters, it can be toxic to 
bluegill sunfish. 2) If Cide-Kick®, X-77®, Formula 403®, or IVOD® are 
applied at the labeled use rate to water with a depth of less than 0.1 meters, they 
may be toxic to fish. Since the depths given are for concentrations of the adjuvant 
that will kill 50% of the treated animals, an additional safety factor of ~10-fold 
would be needed to assure safety of the adjuvant to the biota. Details of the 
toxicity and depth considerations for a number of aquatically applied adjuvants 
can be found in Table 9. Although adjuvants are typically considered to be 
“nearly inert”, they are not entirely inert. Adjuvants can enhance, diminish, or 
have no effect on the activity of herbicides. Although acute aquatic testing has 
been done on a number of adjuvants, insufficient data exists to appropriately 
evaluate risk from the toxic effects of adjuvants when mixed with herbicides and 
applied to the aquatic ecosystem.  

 
All formulations of commercial copper products may not be similar in toxicity on 
an elemental copper equivalence basis. Copper sulfate (Triangle Brand® Copper 
Sulfate Crystals) and Earthtec® Algicide/Bacteriacide are extremely toxic to fish 
and aquatic invertebrates, while the commercial copper-complexes have a fairly 
low acute toxicity to most fish and aquatic invertebrates. For example, 
application of copper sulfate at 0.5 ppm (0.125 ppm Cu) may kill all of the 
invertebrates within a water body and severely decrease the numbers of fish in a 
treated water body (Smith, 1935). However, the commercial copper-complexes 
usually have an LC50 in excess of 1.0 ppm on most fish and aquatic 
invertebrates. These products may have high toxicity to salmonids (LC50 = 0.03 
to 0.076 ppm Cu), striped bass (LC50 = 0.01 ppm for Cutrine®) and channel 
catfish (LC50 = 0.064 ppm Cu for Cutrine®) and ornamental carp like koi and 
goldfish. Based on the available evidence Komeen® and Nautique™ may be 
moderately toxic to practically non- toxic (LC50 = ~0.1 ppm on salmonids and 
LC50 = 5.4 to ~500 ppm on most other species of fish) while K-Tea™, 
Cutrine®, Copper Control® Clearigate® and Captain™ are generally more toxic 
to the sensitive species but highly toxic to moderately toxic to other species 
(LC50 = ~0.01 to ~0.03 ppm on salmonids, striped bass and channel catfish, and 
0.2 to ~6 ppm Cu on most other species of fish). In soft, low alkalinity water 
(<50 ppm CaCO3), the toxicity of the commercial copper-complexes may be high 
enough to kill many fish species when used at the higher labeled use rates. 
Masuda and Boyd (1993) noted that copper sulfate and the commercial copper-
complexes should not be toxic to fish when the molar concentration of applied 
copper is not higher than 1% of the molar alkalinity. This is reflected in label 
restriction and University Extension advice that indicates copper herbicides 
should not be used if the alkalinity is less than 50 ppm CaCO3. This is a 
reasonable precaution when copper products are used at application rates up to 
0.5 ppm Cu. If higher concentrations are used, it may be advisable to restrict use 
to conditions where hardness and/or alkalinity are proportionately higher.  
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4.3.2.4 Effects on Endangered Species 
 
There are a number of aquatic species that have been classified as sensitive, endangered 
or threatened. These include 4 species of salmon, 3 species of anodromous (sea run) 
trout, 13 species of rockfish, 2 species of herring, 2 species of dace, and 8 species of 
amphibians. A list of these species can be found in Appendix 5. Furthermore, the 
salmonid species including Oncorhynchus clarkii, O. Kisutch, O. Mykiss, O. tshawytscha, 
Salvilinus fontinalis and Salmo salar are very sensitive to inorganic copper salts, 
including copper sulfate, with 96-hour LC50s ranging from 0.016 to 0.367, 0.067, 0.017 
to 0.034, 0.019 to 0.089, 0.10 and 0.025 ppm Cu, respectively. Concentrations of 
inorganic copper salts that may be found in the environment at a typical use rate of 0.062 
ppm will normally exceed 0.03 ppm Cu for the first 4 days of exposure in soft water (<50 
ppm CaCO3) lakes (Serdar, 1995). Furthermore, the concentrations of inorganic copper 
salts will persist in the outlet stream at levels ranging from 0.0095 to 0.052 or 0.0035 to 
0.039 ppm Cu for an indeterminant distance downstream for 2 to 4 days, respectively. 
Therefore, these typical environmental concentrations are likely to exceed the LC50 in 
salmonid species like O. clarkii, O. mykiss, O. tshawytscha and Salmo salar in soft water. 
Therefore, these species are likely to be acutely impacted by typical field rates of 
inorganic copper salts in soft water. Even in species like O. kisutch or Salvelinus 
fontinalis, there does not appear to be a sufficient margin of safety in soft water lakes.  
 
These salmonid species would also be affected under hard water situations. Wagemann 
and Barica (1979) noted that at typical treatment rates with copper sulfate (0.048, 0.130 
and 0.140 ppm Cu), the 4-day time-weighted average concentration in hard water (~400 
ppm CaCO3) typically ranged from 0.04 to 0.064 ppm Cu. Copper concentrations of 
0.250 ppm Cu in typically hard water kills rainbow trout but 0.025 to 0.040 ppm Cu does 
not. It is likely that other species of salmonid would also be spared in hard water at these 
concentrations. For example, O. clarkii has an LC50 of 0.367 ppm Cu in hard, high 
alkalinity water. However, O. clarkii has an LC50 of 0.034 Cu (as copper sulfate) in 
water of intermediate hardness (272 ppm CaCO3). The typical threshold toxicity values 
for salmonids in hard, high alkalinity water are not entirely clear, but in natural pothole 
lakes salmonids will probably survive at concentrations that range from 0.025 to 0.040 
ppm Cu (Whitaker et al, 1978). 

Copper sulfate and other inorganic copper salts can also decrease the ability of both O. 
kisutch (Coho salmon) and O. nerka (sockeye salmon) smolts to resist a seawater 
challenge after exposure to copper. Marginal effects were seen in Coho salmon exposed 
in freshwater to 0.005 ppm Cu for 144 hours and then placed in seawater (29-32 parts per 
thousand saline) for 10 days. Only 6% mortality was seen during the seawater challenge 
at this concentration. However, after exposure to 0.010, 0.020 and 0.030 ppm Cu in 
freshwater, subsequent exposure to seawater caused 41%, 76% and 94% mortality (Lorz 
and McPherson, 1976 and Bouck and Johnson, 1979). Similar concentrations of copper 
had similar effects on sockeye salmon (Oncorhynchus nerka) from Babine Lake, British 
Columbia (Davis and Shand, 1978b in Demayo et al, 1982). With both these species, 
exposure to 0.03 ppm Cu for 144 hours and subsequent exposure to clean seawater, 
showed that these yearling smolts were unable to regulate plasma sodium levels due to a 
decrease in the rate that gill ATP-ase hydrolyzes ATP. Laboratory data indicates that 
copper disrupts the smolting process at concentrations below 0.03 ppm Cu. However, 
Davis and Shand (1978 in Demayo et al, 1982) estimated that the threshold range of 
copper, which might disrupt osmoregulatory capability in sockeye salmon tested in 
natural Babine Lake water, was 0.105 to 0.154 ppm Cu. The difference between the 
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concentrations of copper that affected smoltification of salmon in the laboratory and 
Babine Lake water is believed to be due to the high apparent copper-complexation 
capacity that occurs in lake water. The copper-complexing capacity in Babine Lake water 
was in excess of 0.1 ppm which would allow smolt and fingerling fish to tolerate copper 
concentrations of 0.24 ppm Cu at the LC50 level when concentrations that produce 
adverse impact in laboratory water for other Oncorhynchus species are approximately 10-
fold less (e.g. ~0.03 ppm Cu).  
 
Extremely low concentrations of copper chloride (0.005 ppm Cu) have inhibited the 
downstream migration of smolting Coho salmon after exposure for 165 days. The 
inhibition of migration was well correlated with both time of exposure and exposure 
concentration. For example, when smolting salmon were exposed for 165 days to 0, 
0.005, 0.010, 0.020 or 0.030 ppm Cu, 20%, 30%, 40%, 60% and 80% (respectively) of 
the smolts failed to migrate downstream in 29 days. When fish were exposed for 68 days 
to 0.030 ppm Cu, 40% failed to migrate which is much less than the 80% that failed to 
migrate after exposure for 165 days. Furthermore, fewer fish failed to migrate when 
exposed for 6 days to 0.030 ppm Cu than when exposed for 65 or 165 days to 0.030 ppm 
Cu. After 6 days of exposure, 48 % of the smolting fish failed to migrate. After 165 days 
of exposure, 80% of the fish failed to migrate (Lorz and McPherson, 1976). The exposure 
of Coho salmon smolts to concentrations of copper chloride as low as 0.03 ppm Cu for 72 
hours or 68 days inhibited the downstream migration of a significant portion of the 
exposed fish.  
 
Similar effects were found in Atlantic salmon where runs of adult parr were blocked by 
0.038 ppm Cu. This concentration reduced the effectiveness of home-stream water as an 
attractant in this species (Sutterlin and Gray, 1973 and Geckler et al, 1976 in Klaprat et 
al, 1992). 
 
These results indicate copper products used for control of aquatic weeds may impact the 
smoltification process primarily by interfering with downstream migration in smolting 
yearling salmon and also interfering with mating runs in adult parr. Although few species 
relevant to the Northwest have been tested, Coho salmon and sockeye salmon smolts may 
be sensitive to copper concentrations which may be encountered in the environment.  
 
Laboratory experiments have shown that commercial copper-complexes (Cutrine® and 
Komeen®) may be toxic (96-hour LC50 = 0.022 and 0.024 ppm) to the apple snail 
(Pomacea paludosa). However, these snails were largely protected from the effects of 
Komeen® in the presence of significant amounts of sediment (200 grams = 1 cm 
sediment depth in 15 L of water). It was theorized that the reason for the decline of the 
sensitive snail species in the Loxahatchee National Wildlife Refuge in Florida may have 
been due to the use of Cutrine®-Plus plus diquat or Komeen® plus diquat to control 
Hydrilla verticillata. However, copper in sediment at concentrations up to 150 ppm Cu 
had no effect on growth or survival of snails in field cage or tank studies. Field 
applications of copper-diquat to control hydrilla also had no effect on survival of caged 
adult and immature snails. Treatment of hydrilla with copper-diquat was probably not 
responsible for the decline in apple snail populations and application at recommended use 
rates should not pose a threat to these snails in the organically rich waters of Southern 
Florida. However, the decline in snail populations, even though not caused by the use of 
copper, may be responsible for the decline in endangered snail kite (Rostrhamus 
sociabilis) populations, which feed almost exclusively on the apple snail. The apple snail 
is also an important prey species for other marsh species including limpkins (Aramus 
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guarauna), boat-tailed grackels (Ouiscalus major), alligators (Alligator misissippiensis), 
turtles, aquatic invertebrates and raccoons (Procyon lotor). Although many snail species 
like Bulinus and Biomphalaria are not affected by copper exposure at 0.45 to 0.96 ppm 
Cu (Harrison et al, 1986), slow release copper sulfate is used as a molluscicide for the 
control of snails that vector schistosomiasis or swimmers itch (Chu, 1976). Although high 
concentrations of copper sulfate (10 ppm) are used to control the Lymnaea snail, which is 
a vector of liver flukes, these treatment rates do not effect other aquatic fauna or 
vegetation at use sites in Lahore, India (Hussain et al, 1996).  
 
Copper sulfate and the commercial copper products should be used with caution when 
endangered species are present. The copper sulfate product (Earthtec®) has potential to 
damage certain endangered species of plant, fish and invertebrate including, solano grass 
in California, the slackwater darter in Tennessee and Alabama and freshwater mussels in 
Tennessee and Virginia. While these species are not indigenous to Washington State, 
functionally equivalent sensitive species may be at risk. Due to the unpredictability of 
copper products (LC50 = 0.002 to 2,000 ppm on fish), extremely high toxicity to some 
aquatic species, non-selectivity, non-biodegradability, tendency to bioaccumulate in 
benthic organisms, lack of long-term effectiveness in algal control and failure in short-
term control of algae in some cases, the State of Maine Department of Environmental 
Protection (1976) recommends that the use of copper compounds for the control of algae 
be discontinued in Maine’s soft water lakes. Although this seems to be a radical response, 
Serdar (1995) has noted that in Sylvia Lake and its outlet streams that an insufficient 
margin of safety occurs with salmonid species, including endangered salmon, when 
copper sulfate is used to control algae. It is notable that Sylvia Lake is also a soft water 
lake. Furthermore, Finlayson (1986) found that the use of the commercial copper-
complexes for the control of Hydrilla verticillata, while acceptable when most fish 
species are present, is a questionable practice when salmonids are present because they 
are sensitive to Komeen®. However, the commercial copper-complexes appear to be 
safer to most fish species of fish than copper sulfate.   

 
4.3.2.5 Risk Analysis for Aquatic Species 

 
Summary: Based on the acute toxicity determined in the laboratory, inorganic copper 
salt is likely to adversely impact fish and aquatic invertebrate. Available field data 
supports the laboratory data. Secondary effects of inorganic copper salts and commercial 
copper-complexes may impact the aquatic biota in either a positive or negative manner. 
Reduced dissolved oxygen content may affect both numbers and dominant species present 
(Daniel, 1972; EPA, 1985 and McIntosh and Kevern, 1974). Increases in nutrient levels 
and shifted total nitrogen:total phosphate ratios can lead to changes in phytoplankton 
dominant species and numbers. The use of copper sulfate may increase the water column 
phosphate and iron levels due to a change in the oxidative state of the sediment. 
Phosphate may then be removed from the water by treatment of the water column with 
alum. These shifts in phytoplankton dominant organism from blue-greens to diatoms, 
greens and pigmented flagellates and increases in total phytoplankton numbers may 
result in an improvement of the condition and numbers of meroplanktonic species like 
Chaoborus punctipenis, and rotifers and benthic chironomid species that feed on 
phytoplankton (Narf, 1985). This is particularly likely with green algae like Oocystis and 
diatoms like Moisra even when very low concentrations of copper (0.005 to 0.010) 
decrease the ability blue-green algae like Anabaena and Aphanizomenon to fix nitrogen 
and carbon (Horne and Goldman, 1974, Nalewajko and Prepas, 1996). Short-term 
decreases in the number of phytoplankton present have also been observed. This 
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decrease in the phytoplankton count could potentially lead to decreases in biomass or 
(yield) or a shift in maximum populations of fish foodstuff organisms like Daphnia pulex 
(Taub et al, 1986). Shifts in populations of fish foodstuff organisms due to direct copper 
poisoning or secondary effects like changes in DOC, or nutrient levels can lead to 
changes in the numbers and kinds of zooplanktovoric amphibians and fish (McIntosh and 
Kevern, 1974; Harrison, 1986 and Hawkins et al, 1988). A great deal of data relevant to 
the risk analysis was discussed in Sections 4.3.2.1 Acute Effects and 4.3.2.2 Chronic 
effects. However, no formal risk analysis was actually performed in those sections. 
 
Certain mitigating behavioral and toxicity factors can improve the risk assessments 
picture. A number of fish and invertebrate species are known to be able to avoid 
environmentally relevant concentrations of copper in the laboratory. For example, 
rainbow trout fry can actively avoid copper sulfate pentahydrate at concentrations of 
0.0001 to 0.01 ppm Cu with approximately 80% of the exposed rainbow trout fry 
avoiding laboratory exposure to copper sulfate (Folmar, 1976). Since the LC50 of copper 
sulfate under these conditions is 0.14 ppm, it is likely that this species will be able to 
avoid toxic concentrations of copper sulfate and swim out of the treated areas. Atlantic 
salmon parr avoided 0.004 to 0.005 ppm Cu in the laboratory (Demayo, 1982) and this 
concentration is very much below the LC50 (0.025 ppm Cu) for this species. The 
Japanese eel can avoid copper concentrations as low as 0.001 ppm Cu. Based on the fact 
that the MATC for copper against Japanese eel is much greater than 0.001 ppm Cu, it is 
likely that this species can avoid copper concentrations that will adversely impact it (Zhu, 
1995).  Other species of fish also avoid or are attracted to copper at concentrations that 
may be encountered in the environment. For example, the white sucker avoids low 
concentrations of copper, while goldfish appear to avoid copper at much higher 
concentrations that range between 0.025 and 10 ppm Cu. However, largemouth bass, 
goldfish, channel catfish and green sunfish may be attracted to copper at low 
concentrations [(0.011 to 0.017 and ~0.05 ppm Cu) (Folmar, 1976, Timms, et al, 1972 in 
Klaprat et al, 1992 and Demayo et al, 1982)]. Some species of invertebrates like the 
mayfly (Ephemerella walkeri) may avoid copper sulfate at concentrations of 0.1 ppm but 
do not appear to be able to detect copper sulfate at 0.001 to 0.01 ppm (Folmar, 1978). 
Other species of invertebrates like the bright scud (Gammarus lacustris) may not avoid 
concentrations of copper that exceed the LC50 (0.06 to 0.32 ppm) for this species. This 
species appears to be attracted to very high concentrations of copper (40 to 30-times the 
LC50) while avoiding copper concentrations of 0.19 to 0.46 ppm Cu. Animals which do 
not avoid copper, will not be driven from a fishery until concentrations that will drive 
sensitive species from the area have been exceeded. Therefore, the fishery should 
maintain its food supply for as long as these sensitive predators remain in the area 
(Folmar, 1978). It has been hypothesized that even when a species can distinguish 
between polluted and unpolluted waters, they may be unwilling or unable to avoid water 
polluted by pesticides. However, EPA (1985) claims that although fish-kills due to 
application of copper products to control algae and aquatic vascular plants have been 
reported at labeled use rates, these effects can be avoided if only one-third of a water 
body is treated at one time and 7 to 21 days passes before re-treatment occurs. 
Furthermore, treatment of the water body from the shore outward and treatment of only a 
portion of the water body at one time will allow fish to escape to untreated areas.  
 
There has been only one field report on the avoidance of copper. Geckler et al (1972 in 
Klaprat et al, 1992 and in Demayo et al, 1982) found several species of fish including the 
bluntnosed minnow (Pimephales notatus), striped shiner (Notropis chyrsochephalus) and 
creek chub (Semotilus atromaculatus) avoided spawning in Shayler Run (Ohio) where 
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concentrations were higher than 0.10 ppm Cu. Fish were found congregating in part of 
the stream where the concentration of copper was less than 0.1 ppm Cu due to the influx 
of spring or tributary water. However, the orangethroat darter (Ethestoma spectabie) was 
unaffected by copper concentrations found in Shayler Run after treatment with 0.12 ppm 
Cu, and spawned throughout the control and exposure areas during 3 treatment seasons. 
These various reports and reports that Pimaphales notatus would not spawn in laboratory 
conditions where copper concentrations were 0.218 ppm Cu, have been cited as evidence 
that fish may avoid copper treated areas and thus reduce the potential for incurring 
adverse effects. However, in a much more sophisticated research program using radio-
tracking of largemouth bass in control areas and areas treated with Komeen® plus diquat, 
Bain and Boltz (1992) found that “movement of radio-marked largemouth bass in 
Guntersville Reservoir (Alabama) were limited and largely confined to study sites. 
Differences among sites due to pesticide treatment and the effect of reduced vegetation 
coverage had no measurable effect on movement of adult largemouth bass.” However, 
the minimal amount of vegetation in the diquat plus Komeen® treated sites and the 
control sites made interpretation of the effects of plant cover difficult.  
 
Typical concentrations of copper can be predicted from worst case scenario applications 
presented in Serdar (1995) on the treatment of the soft water Sylvia Lake (Washington) 
and by Wagemann and Barica (1979) and Whitaker et al (1978) on the treatment of hard 
water prairie pothole lakes in Manitoba (Canada). Two thirds of the soft water (<50 ppm 
CaCO3) Sylvia Lake was treated with copper sulfate at 0.5 ppm Cu which was equivalent 
to a whole lake treatment of 0.062 ppm Cu. The hard water (394 to 921 ppm CaCO3) 
prairie pothole lakes of Manitoba were treated with copper sulfate at concentrations of 
0.048, 0.130, 0.140, 0.250, 0.350 and 0.510 ppm Cu.) The half-life of copper in the water 
column at Sylvia Lake is estimated by CSI to be approximately 6 or 7 days. The time to 
equilibrium is approximately 18 days. Equilibrium is defined as the concentration of 
copper in water that is likely to remain stable for a protracted period of time. In the case 
of Sylvia Lake, the equilibrium concentration in the water column would be 0.011 to 
0.013 ppm Cu. The half-lives in the water column of the prairie pothole lakes in 
Manitoba were 6.9, 0.93, 1.5, 1.9, 2.1 and 0.92 days, respectively. The times to 
equilibrium in these prairie pothole lakes were 25, 3.6, 6.3, 5.1, 4.8 and 2.3 days, 
respectively, with water column equilibrium concentrations being 0.0038, 0.0089, 
0.0077, 0.038, 0.071 and 0.087 ppm Cu, respectively. In the Inglis Reservoir, where the 
water hardness was intermediate (85 to 119 ppm CaCO3), the half-life of copper sulfate 
from a 0.86 ppm copper sulfate plus 1.0 ppm diquat treatment is estimated by CSI to be 
3.2 days at the top of the water column and 7.6 days at the bottom of the water column 
based on data from Gangstad (1978). The time to equilibrium of copper as copper sulfate 
in the Inglis Reservoir was approximately 14 days with water column equilibrium 
concentrations being 0.009 ppm at the top of the water column and 0.023 ppm Cu at the 
bottom of the water column. The half-life of Cutrine® in the Inglis Reservoir, after 
treatment with 0.46 plus 1.0 ppm Cutrine® plus diquat, is estimated by CSI to be 5.4 
days at the top of the water column and 6.1 days at the bottom of the water column. The 
time to equilibrium of copper as Cutrine® was about 14 days with equilibrium 
concentrations being 0.006 ppm Cu at both the top and bottom of the water column. In 
the Guntersville Reservoir, where Komeen® plus diquat was applied at 0.4 plus 0.4 ppm, 
the half-life of copper in the water column was less than 1 day (~6 hours). The time to 
equilibrium of copper as Komeen® in the Guntersville Reservoir was 1 to 8 days with 
equilibrium concentration being <0.03 ppm Cu. Since the half-life time in the 
Guntersville Reservoir is quite short it is likely that the water is hard and/or the rate of 
water flow is fairly high for a reservoir that would typically be considered a lentic 
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system. Other experiments with copper sulfate in cranberry bogs in Massachusetts 
indicates that when the initial target concentration of copper sulfate was 0.4 ppm Cu, the 
half-lives in 2 separate cranberry bogs were 3 to 6 days in surface water and 1 to 3 days 
in subsurface water. The time to equilibrium in these cranberry bogs was about 28 days 
with water column equilibrium concentrations being 0.02 ppm Cu. The typical half-life of 
copper sulfate in hard water lakes is estimated to be approximately 2 days (Reinert and 
Rodgers, 1987). CSI estimates that the half-life of copper sulfate or Cutrine® in typical 
soft water to intermediately hard water lakes and reservoirs is 5 to 7 days.  
 
Modeling work indicates that when 0.03125, 0.0625, 0.125, 0.25, 0.50 or 1.0 ppm Cu of 
copper sulfate or a commercial copper-complex is applied to soft water lentic systems, 
the 4-day time-weighted average concentrations will be 0.025, 0.049, 0.098, 0.20, 0.39 or 
0.79 ppm Cu, respectively, assuming a half-life of ~5.5 days. However, in hard water 
lentic systems at the same treatment rates, the 4-day time-weighted average copper 
concentrations for copper sulfate will be 0.017, 0.034, 0.068, 0.14, 0.27 0.54 ppm Cu, 
respectively, assuming a half-life of ~2.0 days.  
 
In lotic systems treated with copper sulfate, it is anticipated that the concentration of 
copper in the flowing water will primarily depend on the flow rate of the system when the 
treatment is applied as a single slug of copper. For example, when copper sulfate is 
applied as a single slug treatment at 1 lb/cfs (1.610 ppm Cu at 0.5 miles downstream) to 
the Roza Main Canal (Sunnyside, WA), the copper concentration did not return to 
background levels ~0.001 to ~0.003 ppm Cu) for 1 to 3 days after application (Nelson et 
al, 1969). The typical half-life for copper in water at the Roza Main Canal was less than 1 
day and concentrations of copper in the canal water typically decreased to 0.01 ppm Cu 
within 6 hours of application at 0.5 miles downstream. Copper concentrations in Farmers 
Ditch (Colorado) were typically ~0.10, 0.05 or 0.5 ppm Cu when applied at up to 2.5, 2.3 
and 4.9 lbs per hour for 24, 24 or 7 continuous hours on June 15, 1966, May 24, 1967 and 
July 11, 1968, respectively (Gangstad, 1986 and EPA 1985). The concentration of copper 
in the treated water of Farmers Ditch fell to 0.07, 0.02 and 0.40 ppm Cu, respectively, 
within 1.1 mile of the treatment site and 0.01, 0.02 and 0.07 ppm Cu within 9.0 miles of 
the treatment site. Copper concentrations in the Friant-Kern Canal (California) were 2.35 
and 1.19 ppm Cu at 1.03 and 7.57 miles from the treatment site within 5 minutes of 
application as a single slug treatment at 1.0lb/cfs. Concentrations had fallen to 0.02 and 
0.07 ppm Cu at 1.03 and 7.57 miles, respectively, from the application site within 40 
minutes after application (EPA, 1995).  
 
In situations where treatment is continuous, exposure concentrations may be constant for 
several days in a row or for at least 12 hours during a treatment date. Continuous 
treatments are typically at 0.005 to 0.02 ppm Cu in reservoirs for the control of algae and 
0.05 to 0.10 ppm Cu in reservoirs for the control of Potamogeton pondweeds. Continuous 
treatments are also typically 0.005 to 0.01 ppm Cu in canals, lateral and drains for the 
control of algae and 0.07 to 0.11 ppm Cu in canals, laterals and drains for the control of 
Potamogeton pondweeds (Gangstad, 1986). Such treatment rates and methods may be 
considered as a worst-case scenario since exposure at a fairly low use rate is protracted 
and may last for days, months or years.  
 
Since these results are fairly consistent, the expected environmental concentrations (EEC) 
for copper sulfate have been estimated to be at a maximum of 0.2 ppm Cu for fairly long 
periods of time in canals, laterals and drains when the site is treated continuously with 
copper sulfate for the control of Potamogeton pondweeds. However, continuous 
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treatment for protracted periods is usually at very low use rates [as low as 0.002 to 0. 005 
ppm Cu (Gangstad, 1986)]. Masuda and Boyd (1993) found that treatment with the 
commercial copper-complexes can be at concentrations that are somewhat less than those 
used for treatment with copper sulfate although the maximum labeled treatment rate with 
copper sulfate or the commercial copper-complexes is set at 1.0 ppm Cu.  
 
Some investigators believe that chronic exposure is not a serious issue with copper 
sulfate or the commercial copper products since elemental copper is removed rapidly 
from the water column and incorporated into the sediment where it may be biologically 
unavailable, particularly to free-swimming fish and aquatic invertebrates. The 
equilibrium concentration is expected to range between 0.006 and 0.023 ppm Cu in soft 
water to intermediately hard water lakes and reservoirs like Sylvia Lake and the Inglis 
Reservoir when treatment rates were ~0.5 to 1.0 ppm Cu with copper sulfate and ~0.5 
ppm Cu with Cutrine®. Furthermore, based on the equilibrium concentration of copper 
sulfate, or Komeen®, the equilibrium concentration in hard water is expected to range 
between ~0.003 and 0.087 when the treatment rates were ~0.05 to ~0.5 ppm Cu 
(Wagemann and Barica, 1979 and Rodgers et al, 1992).  
 
However, due to the wide variation in water, the short-term and long-term concentrations 
of copper in lakes or reservoirs are water body specific. The toxicity of copper will also 
be water body specific and may be very high in soft, low pH water with a low alkalinity, 
that has a low dissolved organic carbon content, a low apparent copper-complexation 
capacity and bottom substrate that has a low organic content and low cation exchange 
capacity. Nevertheless, it is anticipated that the toxicity of copper in a specific water body 
will be much lower in hard, high pH water with a high alkalinity that has a high dissolved 
organic carbon content, a high apparent copper-complexation capacity and bottom 
substrate that has a high organic carbon content and a high cation exchange capacity. “It 
can be concluded that data from toxicity tests with copper in which natural surface waters 
are used for dilution purposes cannot define the ‘true’ toxicity of copper or have 
application to other natural waters except when the concentration of the toxic chemical 
species [Cu2+, CuOH+, Cu(OH)2 and Cu2(OH)2

+] are known” (Brown et al, 1974). For 
details of copper water concentrations found in the field see Sections 4.2.2, 4.2.2.1, 
4.2.2.2, and 4.2.2.3. 
 
Concentrations of copper in the sediment can be very high. Surface sediment copper 
concentrations in lakes treated with copper sulfate or Komeen® vary based on treatment 
rates and the timing and number of treatments that have occurred. Copper generally 
remains permanently in the sediment. However, when new sediment covers older 
sediment deposits, the copper in surface sediment has a tendency to decrease. Typical 
sediment concentrations will be less than 50 ppm Cu in lakes that have never been treated 
with herbicides containing copper, or have only rarely been treated. For example, Black 
Lake (Washington) and 11 lime reference lakes in Sweden and Wilmert Lake 
(Minnesota) were rarely, if ever treated, with herbicides containing copper. The 
concentration of copper in the sediment of these lakes ranged from 14 to 84 ppm Cu. 
Background levels for copper in sediment are generally considered to be about 20 ppm 
Cu. However, in lakes that have been continuously treated with copper sulfate for 25 to 
60 years, the concentration of copper in sediment ranges from 80 to 258 ppm Cu in 
Sylvia Lake; 180 to 1,000 ppm Cu in Lake Steilacoom; 170 to 5,600 in the Fairmont 
Lakes (Minnesota); and 830 ppm in Lake Mäsen (Sweden). These copper concentrations 
will remain in lake sediment for an indefinite period of time or until the lake is either 
dredged or old sediment deposits are covered over with new sediment that has been 
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transported from areas where copper herbicide use in minimal (Serdar, 1995; Bennett and 
Cubbage, 1992; Dave, 1992; Hanson and Stefan, 1984 and Sanchez and Lee, 1978). 
Concentrations of copper can also be high in the sediments of canals, laterals and drains. 
Nelson et al (1969) found that concentrations of copper in suspended sediment taken 
from canals treated with a single slug of copper sulfate at 1.0 lb/cfs could reach 
concentrations ranging from 220 to 6,246 ppm Cu. However, within 7 days of treatment, 
the concentration of copper in bottom sediment from these treated canals at Sunnyside 
(Washington) decreased from maximum levels of 6.1 to 9.8 ppm Cu to typical pre-
treatment levels of 3.9 to 8.1 ppm Cu. This indicates that after adsorption, copper may be 
gradually released again into lotic systems, probably due to hydrolysis from 
organocopper-complexes in the sediment. However, in Farmers Ditch (Colorado) and the 
Friant-Kern Canal (California), concentrations of copper after treatment with copper 
sulfate remained low. At Farmer Ditch, the sediment concentrations never rose above 352 
ppm Cu, even after several years of extensive treatment with copper sulfate at rates up to 
0.5 ppm Cu. However, such high concentrations appeared to be anomalous and typical 
concentrations of copper in the sediments of Farmers Ditch ranged from 18 to 104 ppm 
Cu after 3 years of extensive treatment with copper sulfate (Gangstad, 1986 and EPA, 
1985). Concentrations of copper in the Friant-Kern Canal were never higher than 24 to 48 
ppm Cu after treatment with a bi-weekly slug of copper sulfate at 1.0 lb/cfs. (EPA, 1995). 
Higher concentrations of copper adsorbed to sediment may be toxic to sediment-dwelling 
organisms and those exposed to pore water or overlying water, where sediments have 
been exposed extensively to copper treatment. Huggettt et al (1999) found that sediment 
concentrations ranging from 906 to 2,010 ppm Cu has no acute impact on Ceriodaphnia 
dubia, Hyalella azteca or Chironomus tentans. However, other authors have reported 
LC50s for bulk sediment as low as 15.9 ppm for H. azteca (Deaver and Rodgers, 1996 in 
Huggettt et al, 1999). Furthermore, while Bennett and Cubbage (1992) found no acute or 
chronic effects from exposing Daphnia magna, Ceriodaphnia dubia or Chironomus 
tentans to whole sediments containing up to 890 ppm Cu, Hyalella azteca and Hexagenia 
limbata were acutely affected in whole sediment tests containing 890 ppm Cu. The 
toxicity of sediment to sediment-associated organisms is related to the species exposed 
and the characteristics of the sediment with sediment containing large amounts of sand 
providing a higher exposure risk than sediment containing large amounts of silt, clay and 
organic carbon.  

 
• Acute risk assessment 
 

In general, risk assessment for protection of the biota takes into consideration two 
factors: 

 
1) The typical environmental concentrations of the pesticide that the biota will be 

exposed for short periods of time (1 to 4 days): 
 

For copper sulfate, the most typical time-weighted average expected 
environmental concentration (EEC) that fish and most invertebrates will be 
exposed to for 1, 2, 3 and 4 days in soft to intermediately hard water has been 
estimated to be 0.058, 0.055, 0.052 and 0.048 ppm Cu, respectively, (maximal 
concentrations at end of aging period = 0.055, 0.048, 0.042 and 0.037 ppm, 
respectively). These concentrations appear to compare favorably with 
concentrations of copper from copper sulfate treatments of 0.062 ppm, which had 
1, 2, and 4 day maximum concentrations of 0.056 to 0.082, 0.036 to 0.059, and 
0.030 to 0.040 ppm Cu, respectively. These estimated time-weighted EEC values 
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and maximal values on any given day assume an initial worst case concentration 
of 0.5 ppm Cu applied to two-thirds of a soft water lake (0.062 ppm Cu on a 
whole lake basis) and a half-life of 5.5 days (Serdar, 1995 and Gangstad, 1986). 
 
Similar estimates on a hard water body find the time-weighted average EEC that 
fish and most invertebrates will be exposed to for 1, 2, 3 and 4 days are 0.052, 
0.045, 0.039 and 0.034 ppm Cu, respectively (maximal concentrations at end of 
aging period = 0.043, 0.031, 0.022 and 0.016 ppm Cu, respectively). These 
concentrations appear to compare favorably with copper sulfate treatments of 
0.048 to 0.14 ppm Cu, which had 1, 2, 3, 4-day maximum concentrations of 
0.0066 to 0.032 ppm Cu (Wagemann and Barica, 1979). The estimated time-
weighted EEC values and maximal values of any given day assume an initial 
worst case whole lake concentration of 0.062 ppm and a half-life of 2 days. 
 
The minimal work done with the commercial copper-complexes indicates very 
short half-lives for these products (particularly Komeen® and Cutrine®) in 
typical water bodies. However, Masuda and Boyd (1993) indicate that these 
products should have half-lives that are somewhat longer than copper sulfate. In 
laboratory studies, the half-life of Copper-TEA complex (e.g., K-Tea™, 
Cutrine®, Clearigate®, Captain™ and Copper Control®) indicate that the half-
life of these products in aerobic aquatic conditions is approximately 7 days 
(Spare, 1996a). Furthermore, the half-life of Copper-EDA complex (Komeen® 
and Nautique™) is much shorter at 0.07 days with the second half-life of 
Copper-EDA complex being 5.3 days due to the biphasic nature in the 
degradation of this product under laboratory aerobic aquatic conditions (Spare, 
1996b). In the field, the half-life of Cutrine® is between 5.4 and 6.1 days in the 
Inglis Reservoir [Florida (Gangstad, 1986)], which compares favorably with the 
7-day half-life found in the laboratory aerobic aquatic metabolism study. In field 
studies conducted in the Guntersville Reservoir (Alabama), the half-life of 
Komeen® was less than 1 day in the water column and concentrations of copper 
had returned to background levels within 1 day of the application date. Therefore, 
the half-life of copper in the water column was estimated to be 6 days for 
Cutrine® and 0.18 days for Komeen®.  
 
From the calculated half-lives it is estimated that the 1, 2, 3 and 4-day time-
weighted EEC values are 0.47, 0.45, 0.42 and 0.40 ppm Cu after typical use rates 
of Cutrine® at 0.5 ppm Cu are applied to a lake or reservoir. The time-weighted 
EEC values are 0.13, 0.065, 0.043, and 0.032 ppm Cu, respectively, after typical 
use rates of Komeen® at 0.5 ppm Cu are applied to a lake or reservoir. These 
time-weighted concentrations assume an application rate of 0.5 ppm Cu for 
Cutrine® and Komeen®, and half-lives of 6 and 0.18 days, respectively, for 
Cutrine® and Komeen®.  

 
2) The 96-hour toxicity (LC50) of the pesticide to the most sensitive 

environmentally relevant species is as follows:  
 

For copper sulfate, the most sensitive environmentally relevant fish, size class 
and species are sac-fry and fingerling fry of striped bass (Morone saxatilis) with 
a 96-hour LC50 of 0.025 ppm Cu. Other species of fish with similar sensitivity to 
copper sulfate include cutthroat trout (Oncorhynchus clarkii) in soft, medium or 
hard water with low alkalinity (96-hour LC50 = 0.016, 0.044 and 0.091 ppm, 
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respectively), rainbow trout (O. mykiss) in soft or hard water (96-hour LC50 = 
~0.03 ppm Cu), steelhead trout (0. mykiss) and Chinook salmon (O. tshawytscha) 
in soft water during the sac-fry, fingerling fry, parr, smolt and adult stages (96-
hour LC50 = ~0.02 to ~0.04 ppm Cu), fathead minnow (Pimaphales promelas) in 
soft water at the 4-day fry stage (96-hour LC50 0.013 ppm Cu) and Atlantic 
Salmon [Salmo salar (96-hour LC50 = 0.025 ppm Cu)]. For the most part, 
inorganic copper salts appear to lack great chronicity and for most fish species, 
the concentrations that cause adverse acute impact after 4 days exposure are not 
more than about 4-fold less than the concentrations that cause adverse acute 
impact after 1 day of exposure.  
 
The commercial copper-complexes, Komeen®, K-Tea™, Cutrine®, Clearigate® 
and Copper Control® are, in general, much less toxic to fish than the inorganic 
copper salts like copper sulfate. For example, with the exception of rainbow trout 
with a 96-hour LC50 of 0.076 ppm Cu in soft water and 4.6 to 46 ppm Cu in hard 
water, Komeen® is only slightly toxic to practically non-toxic (96-hour LC50 = 
5.4 to 496 ppm Cu). Species that are typically not affected by Komeen® include 
bluegill sunfish (Lepomis macrochirus), largemouth bass (Micropterus 
salmoides), striped bass (Marone saxatilis), golden shiner (Notemigonus 
crysolecus), and white perch (Perca Americana). K-Tea™, Cutrine® and Copper 
Control®, which are all copper –TEA complexes, appear to be toxic to rainbow 
trout, striped bass, brown trout and channel catfish in soft water (96-hour LC50 = 
0.01 to 0.051 ppm Cu). However, most other species of fish are not strongly 
affected by this product particularly in hard water (96-hour LC50 = 1.3 to 16 
ppm Cu). Fish species that appear to be tolerant of the Copper –TEA complexes 
include bluegill sunfish, Hamilton’s carp (Cirrhina mrigala), mosquito fish, 
brown bullhead, channel catfish, largemouth bass and green sunfish (Lepomis 
cyanocephalus).  
 
The most sensitive size class and species of aquatic invertebrate is the water flea 
(Ceriodaphnia dubia) with a 48-hour LC50 of 0.0027 to 0.0063 ppm Cu. Other 
species of aquatic invertebrates with similar sensitivity to copper sulfate include 
1st instar Daphnia hyalina (48-hour LC50 = 0.005 ppm Cu) adult Daphnia 
magna (48-hour LC50 = 0.0098 to 0.060 ppm Cu) and mussel embryos [Mytilus 
edulis (96-hour LC50 = 0.0058 ppm Cu)]. Most aquatic invertebrates lack 
extensive chronicity, and the concentrations that cause adverse acute impact after 
2- or 4-days exposure are not more than about 4-fold less than the concentrations 
that cause adverse acute impact after 1-day exposure.  
 
The only commercial copper-complex that has been tested with aquatic 
invertebrates is Cutrine®. Cutrine® appears to be mostly inactive against aquatic 
invertebrates, with the most sensitive species being the grass shrimp 
(Palemonetes pugio) which has a 96-hour LC50 of 4.8 ppm Cu. All other tested 
species of aquatic invertebrates are unaffected by concentrations of Cutrine® that 
are typically 10-fold higher than the recommended maximum use rate. These 
relatively insensitive species include the fiddler crab, and various other groups 
including marine shrimp, Ostracoda, Cladophorara, Calanoida and Copepoda. 
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• Acute risk assessment with inorganic copper salts and the commercial copper-
complexes  

 
The inorganic copper salts, including copper sulfate and copper chloride, appear to 
have significant toxicity to the most sensitive fish species tested (Tables 2, 12, 18 and 
23A). The risk quotient for the most sensitive fish species tested is above the level of 
concern (0.1) for protecting the biota [RQ = 3.84 = 0.048 ppm / 0.0125 ppm (Table 
23A)]. Under a worst case scenario, the inorganic copper salts would be classified as 
high risk compounds since the generated RQ for the most sensitive species is higher 
than 0.5. Furthermore, in soft to intermediately hard water, inorganic copper salts 
would be classified as high risk compounds to many freshwater, anthodromus and 
estuarine species of fish. However, salmonids (RQ = 0.5 to 3.0) in soft water, striped 
bass fry (RQ = 1.92) and channel catfish (RQ = 0.89) appear to be particularly 
sensitive. For example, Serdar (1995) noted that typical concentrations of copper, 
after treatment of a soft water lake (Sylvia Lake, Washington) with copper sulfate at 
rates of 0.062 ppm Cu is likely be unsafe for short-term exposure to salmonids. The 
concentration of copper in the main body of the lake ranged from 0.030 to 0.082 ppm 
Cu for the first 24 to 96 hours after treatment. The concentrations in the outlet 
streams also persisted at concentrations of 0.0033 to 0.039 ppm Cu for at least 4 days 
at an undetermined distance downstream. In water with low hardness (~50 ppm 
CaCO3) these concentrations do not provide a sufficient margin of safety (MOS) at 
levels where toxicity is expected to occur. There are many other species that would 
not be at high risk when copper is used at time-weighted average concentrations of 
0.048 ppm in soft water or 0.034 ppm in hard water due to treatment with 0.062 ppm 
Cu. These species could be protected from the effects of inorganic copper since the 
copper RQ on these fish range between the low level of risk (0.1) and the high level 
of risk (0.5). Under this scenario, fish should be protected if inorganic copper salts 
are used under a restricted use label. Fish species that should be protected under the 
restricted use scenario include tidewater silverside adults, winter flounder embryo, 
chisel mouth adults, mosquito fish adults, Chinook salmon sub-adults, brown 
bullhead adults, bluegill sunfish juveniles and sheepshead minnow adults. However, 
endangered species like Chinook salmon would be considered to be at risk even if the 
copper product was used as a restricted use compound since the level of concern for 
endangered species is 0.05. Approximately one quarter of the species that have been 
tested would not be affected by rates of treatment that are used in Northwest waters 
since the RQ generated by testing with inorganic copper salts is below the low risk 
acute level of concern (0.1). Fish that would probably survive short-term exposure to 
inorganic copper salts include the rainbow darter, goldfish juveniles, blacknosed 
dace, Perciformes sp., channel catfish in intermediately hard water, common carp and 
male mosquito fish in intermediately hard water. In moderately hard water, 
longfinned dace, orangethroat darter, green sunfish juveniles and adult channel 
catfish would probably survive short-term exposure to inorganic copper salts. 
Fathead minnow in hard water, pumpkinseed sunfish in hard water, American eel and 
white perch in hard water would probably survive short-term exposure to inorganic 
copper salts. Therefore, hard, highly alkaline water provides additional protection 
from the acute exposure of fish to inorganic copper salts. As discussed before, 
endangered species like cutthroat trout may not be protected even in hard water at use 
rates of 0.062 ppm Cu since the RQ of inorganic copper salts for this species exceeds 
the level of concern for endangered species (0.05 ppm Cu). Even the concentrations 
of copper sulfate (0.025 to 0.04 ppm Cu), suggested by Whitaker et al (1978) as 
being safe to rainbow trout in hard water may adversely impact salmonids in soft or 
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intermediately hard water based on the observation that inorganic copper salts appear 
to be toxic to this family of fish under both soft and intermediately hard water 
conditions.  In conclusion, Hughes (1968) recommends that copper sulfate not be 
used when sac-fry or free-swimming fry of striped bass are present, and Serdar 
(1995) indicated that the use of copper sulfate in soft water lakes does not provide a 
sufficient MOS for salmonids when copper is used at rates of 0.062 ppm Cu.  
 
“It can be concluded that data from toxicity tests with copper, in which natural 
surface waters are used for dilution purposes, cannot define the ‘true’ toxicity of 
copper or have application to other natural waters except when the concentration of 
the toxic chemical species [Cu2+, CuOH+, Cu(OH)2 and Cu2(OH)2

+] are known” 
(Brown et al, 1974). It may be necessary to conduct stream-side tests with copper 
sulfate on sensitive indigenous fish species to determine if copper sulfate treatments 
will be safe for use in a particular water body. For example, Geckler et al (1976 in 
Demayo et al, 1982) has reported that laboratory tests, conducted with Shayler Run 
water, indicate that the LC50 of inorganic copper salts to fathead minnow and 
bluntnosed minnow ranges between 0.57 to 21 ppm Cu. The higher LC50 values 
were obtained in high flow rate waters that contain high levels of wastewater plant 
effluent and the low LC50 were obtained in low flow rate waters that were taken 
upstream from the wastewater plant. According to Geckler (in Demayo), if an 
application factor of 0.05 to 0.08 is applied to these toxicity values, safe levels of 
inorganic copper salts should range from 1.1 to 1.7 ppm Cu in high flow rate waters 
from Shayler Run, that contain high levels of wastewater plant effluent. However, the 
exposure level should not be higher than 0.029 to 0.046 ppm Cu in low flow rate 
waters from Shayler run found upstream from the wastewater treatment plant. Even 
at these very low concentrations, the laboratory toxicity data presented in Tables 18 
and 23A indicates that the more sensitive species will be adversely impacted in soft, 
low alkalinity water.  

The commercial copper-complexes like Komeen®, K-Tea™, Cutrine® and Copper 
Control® appear to be acutely safe to most species of fish. The low level of concern 
(0.1) is generally not exceeded by the risk quotients generated from risk assessment 
with Komeen®. The time-weighted average EEC is 0.032 ppm when the initial 
application rate is 0.5 ppm Cu and the 96-hour LC50s for this product on all tested 
species (except salmonids) ranges from 5.4 to 558 ppm Cu. Field studies indicate that 
treatments with Komeen® plus diquat, at rates ranging from 0.3 plus 0.3 to 0.4 plus 
0.4 ppm Cu, has no adverse impact on largemouth bass and a variety of unspecified 
warm water fish typically found in the Guntersville Reservoir. In typical hard water 
situations, the short-term acute risk quotient is (0.001 for the golden shiner, bluegill 
sunfish, striped bass, white perch and largemouth bass. In the minimal number of 
tests conducted in soft water, the short-term acute risk quotient is less than 0.006 for 
golden shiner and bluegill sunfish. These extremely low risk quotients indicate that 
this segment of the biota (warm water fish) should be safe from the effects of 
Komeen® at treatment rates of 0.5 ppm Cu. Since the maximum use rate (1.0 ppm 
Cu) will not produce risk quotients on the tested warm water fish species higher than 
0.014, it is likely that the maximum use rate will not acutely impact warm water fish 
species in the presence of Komeen® at any of the labeled use rates. However, 
Finlayson (1980) has stated that “… when salmonids are present the use of Komeen® 
for Hydrilla control without extensive fish losses is questionable.” This is probable 
since the acute risk quotient for Komeen® on rainbow trout is greater than the low 
level of concern (0.1) and approaches the high level of concern (0.5); RQ 
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EEC/LC50= 0.421 = 0.076ppm/0.032 ppm. Therefore, a cautious approach with 
Komeen® indicates that this product should not be used when salmonids are present. 
This is because work with other copper products indicates that some other species of 
salmonid are more sensitive to copper than rainbow trout and many of these salmonid 
species would be endangered, threatened or sensitive to metallic toxins. The label 
specifies that trout and other sensitive fish species will be adversely impacted by the 
use of Komeen® at labeled use rates (0.5 to 1.0 ppm Cu).  
 
The commercial copper-complexes that are complexed to TEA and/or MEA and/or 
DEA like K-Tea™, Cutrine® and Clearigate® are more toxic to all fish species than 
Komeen®, which is a complex of copper and EDA. This is in part due to the fact that 
copper-TEA complexes have much longer half-lives than copper-EDA complexes. 
For example, Cutrine® and K-Tea™ have half-lives in the water column of 
approximately 6 days while Komeen® has a half-life in the water column of 
considerably less than 1 day (typically (0.18 days). The 4-day time-weighted average 
EEC for K-Tea™, Cutrine® and Copper Control® is estimated to be 0.4 ppm Cu 
when the application rate is 0.5 ppm Cu. Most species of warm water fish including 
bluegill sunfish, Cirrhina mrigala, Labeo rohita, green sunfish, mosquito fish, and 
largemouth bass will not be adversely impacted by the copper-TEA complexes, 
particularly in hard water. However, some of the species of warm water fish like 
green sunfish, channel catfish and bluegill sunfish, in soft water, may be at risk when 
exposed to these Copper-TEA complexes if the herbicide is not used as a restricted 
use compound. This occurred because the risk quotient is above the low level (0.1) of 
concern but below the high level of concern (0.5). In soft water, the very sensitive 
species like rainbow trout, striped bass sac-fry and free-swimming fry, and channel 
catfish, are likely to be killed by exposure to these products. Mortality is likely 
because the LC50s for these Cu-TEA complexes is approximately 0.03 ppm Cu for 
rainbow trout, 0.01 to 0.1 ppm cu for striped bass and 0.051 for channel catfish. In 
soft water, the acute risk quotients for these sensitive species ranges from 4.0 to 40 
on striped bass, 7.8 on channel catfish and ~14 on rainbow trout which are well 
above the acute low level of concern (0.1) and the acute high level of concern (0.5). 
Therefore, the use of Cu-TEA complexes like K-Tea™, Cutrine®, Copper Control®, 
Clearigate® or Captain™, when sensitive salmonids, striped bass and catfish are 
present, is questionable. The danger of these Cu-TEA products have been amply 
illustrated for striped bass fingerlings by Hughes (1973 and 1969) and for rainbow 
trout (Myers and Stoner,1974; Beste, 1983 and the Warf Institute, 1975).  
 
The toxicity of these products is confirmed by the labels, which indicate that trout, 
koi, goldfish and other sensitive species will be adversely impacted by the use of K-
Tea™, Cutrine®, Clearigate®, or Captain™ at labeled use rates (0.1 to 1.0 ppm Cu). 
In addition to the label precautions, treatment with Cutrine® plus diquat at 2.2 plus 
3.0 ppm will adversely impact fish when applied directly to microcosms within 
ponds. All the fish were killed by such applications in ponds at Franklin (Wisconsin). 
It is not clear if this fish-kill was due to the direct toxicity of Cutrine® plus diquat or 
due to production of anaerobic conditions in these ponds for at least 4 days after 
application. However, treatment at the same sites with Cutrine® alone at 2.2 ppm Cu 
or Cutrine® plus diquat plus endothall at 2.2 plus 1.5 plus 1.5 ppm did not cause fish-
kills in these microcosms although the dissolved oxygen concentrations were low 
(<1.0 ppm) for 4 days after treatment with Cutrine® plus diquat plus endothall or 
depressed in surface water (4-7 ppm) for 4 to 8 days after treatment with Cutrine® 
alone.  The work of Simonin and Skea (1977) verifies this field observation and 

Supplemental Environmental Impact Statement Assessments of Aquatic Herbicides: 
DRAFT Volume 6 – Copper, Section 4 – ENVIRONMENTAL EFFECTS 

Vol. 6, Sect. 4 – Page 181 



 

indicates that 1 gallon of formulated Cutrine®/acre (0.093 ppm Cu in 3 feet of water 
or 0.28 ppm Cu in 1 foot of water) plus 1 gallon of formulated diquat /acre (0.245 
ppm c.e. in 3 feet of water or 0.735 ppm c.e. in one foot of water), controls hydrilla 
and possibly other vascular plants. However, it would not provide any margin of 
safety, or it would be toxic to fingerling brown trout at these concentrations. Lower 
application rates of Cutrine® (0.1 gallon/acre = 0.0093 to 0.028) plus diquat (0.9 
gallon/acre = 0.2205 to 0.6615 ppm Cu) would probably be safe to fish but probably 
would not control Hydrilla or other vascular plants.  
 
In U.S. EPA evaluations of pesticides under FIFRA, an acute Risk Quotient of higher 
than 0.1 is interpreted as exceeding the Level of Concern, and leads to the conclusion 
that the risk may be unacceptable unless further analysis shows otherwise (Urban and 
Cook, 1985). The general practice in risk assessment is to estimate the Expected 
Environmental Concentration (EEC) based on the highest expected initial 
concentration and the most representative half-life. Therefore, copper sulfate should 
be safe in hard water ponds that are treated at concentrations ranging from 0.025 to 
0.04 ppm Cu. However, these concentrations will probably not be acutely safe to 
many fish species when soft water ponds are treated. Komeen® and Nautique™ 
should be safe for use at 0.5 to 1.0 ppm when most species of fish are present. 
However, Komeen® and Nautique™ will probably adversely impact rainbow trout 
and other salmonids if they are exposed to Komeen® or Nautique™, particularly in 
soft water. The Copper-TEA complexes (K-Tea™, Cutrine®, Captain™ and 
Clearigate®), while not acutely impacting most species of fish (particularly in hard 
water), are likely to cause adverse acute impact on salmonids, koi, goldfish, striped 
bass and channel catfish when used at concentrations of 0.5 ppm Cu or higher.  
 
Studies that treated irrigation canals with copper sulfate pentahydrate indicate that 
while concentrations of copper can be high in canal water due to single treatments, 
these concentrations remain high for only a short periods of time (Nelson et al, 1969 
and Gangstad, 1986). Field studies indicate that fish will survive brief exposure to 
copper sulfate. For example, Nelson et al found that caged juvenile rainbow trout 
exposed 0.5, 11.5 and 23.2 miles downstream from the point of application of copper 
sulfate to the Roza Main Canal (Sunnyside, Washington) at rates of 1 lb/cfs were not 
killed.  This survival was attributed to the fact that peak concentrations (1.61 ppm 
Cu) were short-lived (only 2 minutes at 0.5 miles) and because dead algae did not 
sufficiently accumulate in running water to clog gills and cause suffocation. 
Gangstad also found that continual treatment of the Farmers Ditch Canal (Loveland, 
Colorado) with copper sulfate at rates of 0.2 ppm Cu, to control pondweeds, did not 
appear to harm fish or invertebrates. Yellow perch, minnows, carp and trout found in 
copper sulfate treated waters, were in good condition at the end of the irrigation 
season. Exposure to very low levels of copper sulfate (0.002 to 0.005 ppm Cu) 
throughout the year, over a period of several years, for algae control in the Colorado 
Big Thompson Project apparently had no adverse impact on rainbow trout that 
escaped into the concrete lined channel. This observation is interesting since very low 
rates of copper sulfate (~0.03 ppm Cu) are toxic to rainbow trout in laboratory tests, 
and exposure of minnows at rates ranging from 0.0125 to 0.26 ppm Cu exceeds the 
96-hour LC50. However, carp and perch (96-hour LC50 = 0.345 to 1.5 and 0.66 to 
6.2 ppm Cu, respectively) may survive. Nevertheless, based on laboratory results, 
such exposure concentrations would not provide a sufficient margin of safety to 
protect most species of fish. Factors that decrease the toxicity of copper sulfate in 
canals are apparently not being accounted for in laboratory exposure tests.  
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Exposure of fish in lakes such as the Fairmont Lakes (Minnesota) at rates that are 
typical for the control of blue-green algae (0.71 to 1.45 ppm copper sulfate = 0.18 to 
0.36 ppm Cu) is toxic to fish. Conservation biologists have observed fish-kills due to 
accumulation of copper-induced mucous on the fish gills. Fish may also die from the 
secondary effects of gill clogging by dead algae and a reduction in the dissolved 
oxygen content due to the decomposition of dead algae. Laboratory risk assessments 
indicate that the high level of concern (0.5) would be exceeded by exposure of a 
variety of roughfish, panfish and gamefish to concentrations of copper sulfate that 
range between 0.18 and 0.36 ppm Cu. For example, the RQ for rainbow darter = 0.56 
to 1.13; RQ for brown bullhead = 1.0 to 2.0; RQ for green sunfish = 0.21 to 0.41; RQ 
for rainbow trout = 6.0 to 12.0; RQ for striped bass fry = 7.2 to 14.4. Other fish 
species like white perch (LC50 = 6.2 ppm Cu), bluegill sunfish (LC50 = 2.4 ppm 
Cu), American eels (LC50 = 2.87 ppm) and Hamilton’s carp (LC50 = 1.5 ppm Cu) 
appear to be tolerant to copper sulfate. However, the majority of the most sensitive 
game and panfish species within the biota were adversely impacted by treatment of 
the Fairmont Lakes with copper sulfate at the described rates (Hanson and Stefan, 
1984).  
 
The more sensitive species of aquatic invertebrates in the biota may be at risk from 
exposure to inorganic copper salts including copper sulfate. This is apparent since the 
2- to 4-day EEC and the LC50 for the various species of water flea are 0.027 to 0.053 
ppm Cu and 0.0015 to 0.013 ppm Cu, respectively (Tables 2, 12, 19 and 23A).  Other 
species of aquatic invertebrates, which are of similar sensitivity, are embryos of the 
mussel (Mytilus edulis), embryos of the Pacific oyster, various species of scud 
(Gammarus sp.), larval Manila clam, newly hatched branchiopod (Streptocephlalus 
proboscideus), marine copepod (Acartia tonsa), various species of snail (including 
Lymnaea acuminata, Physa integra, Biomphalaria globrata, Potamogyrus jenkinsi 
and Physa heterotropha), amphipod (Hyalella azteca), annelid worm (Nais sp.), 
several species of estuarine bivalves and arthropods (including embryos of 
Crassostrea virginica, Haliotis sp., Brachonius plicatilis and adults of Homarus 
americanus). For the most part, sensitive aquatic invertebrates can be found in soft 
water (<50 ppm CaCO3) where the 1- to 4-day time-weighted average EECs are 
0.055 and 0.048 ppm Cu which leads to an RQ that ranges from 0.55 = 0.055 
ppm/0.1ppm in Brachonius plicatilis to 20.4 = 0.055 ppm/0.0027 ppm (Ceriodaphnia 
dubia). These acute RQ values are above the high level of concern (0.5) for the 28 of 
the species listed in Table 23A and indicates that this segment of the aquatic 
invertebrate biota is likely to be adversely impacted by exposure to treatment rates as 
low as 0.062 ppm Cu on a whole pond treatment basis. Many of these species 
including the scuds, water fleas, branchiopods, amphipods and rotifers are important 
to the food web where they are found, and related species in Washington waters may 
also be of importance to the food web. In soft water lakes like Sylvia Lake, exposure 
for the first 4 days after treatment is likely to exceed levels considered to be safe to 
aquatic invertebrates. As discussed previously, treatment of this lake produces 
concentrations of 0.030 to 0.082 ppm during the first 4 days after treatment. 
Furthermore, Smith (1935) and de Zambrane (1979) found that standard treatment 
rates (0.5 ppm copper sulfate = 0.125 ppm Cu) in Lake Jesse (New York) or Lake 
Maracaibo (Venezuela) are toxic to both fish and aquatic invertebrates (particularly 
crustaceans) when these products are used to control algal blooms. However, in hard 
water lakes and some seawater cases, some of these same species or similar species 
may not be adversely affected or affected only at levels that can be mitigated by use 
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of inorganic copper salts as a restricted use compound (level of concern for the risk 
quotient = >0.1 to <0.5). For example, other rotifers (Keratella sp.), scuds 
(Gammarus sp.), various polychaete and oligochaete worms (Phyllodoce maculata, 
Lumbriculus vareigatus, Limnoderillus hofffmeisteri and Nereis diversicolor) and 
snails (Potamogyrus jenkinsi and Lymnaea emarginata). Pocket shrimp (Mysidopsis 
sp.), Northern crayfish (Oronectes sp.), other decapods (Macrobranchium sp.), 
insects like Chironomus tentans, branchiopods and bryozoans like Streptocephalus 
proboscideus, Lophopodella carteri and Plumatella emarginata, and bivalves like 
Haliotis refuscens appear be only moderately affected by treatments with inorganic 
copper salts. Fish that may survive treatment with 0.062 ppm Cu as inorganic copper 
salts under hard water conditions include adult Eastern brook trout, adult 
mosquitofish, sub-adult Chinook salmon, adult brown bullhead, juvenile sunfish 
(Lepomis sp.), fathead minnow, Hamilton’s carp, American eel, and white perch will 
have adequate foodstuff when the more tolerant species of aquatic invertebrate are 
present. 

Approximately 20 of the tested species appear to be very tolerant to treatment with 
0.062 ppm Cu under hard water conditions and in some seawater cases. These 
include species that can tolerate inorganic copper salts. For example, the LC50 of 
inorganic copper salts on bright scud (Gammarus lacustris) in hard water is 0.37 
ppm; and Cyclops sp. can tolerate copper and has an LC50 of 36 ppm in natural water 
that is presumably hard and contains a high apparent copper-complexing capacity. 
Other aquatic invertebrate species that are quite tolerant to inorganic copper salts in 
hard water or seawater include the bryozoan (Pectinetella magnifica), various snails 
(Goniobasis livescens and Amicola sp.), Aquatic isopod (Asellus meridianus), late 
instar Chironomus tentans, various bivalves (Corbicula manilesis and Crassostrea 
gigas), oligochaete and polychaete worms like Aelosoma headleyi, red swamp 
crayfish and northern crayfish (Oronectes sp.).  These species (particularly the 
smaller species) can provide food stuff for fingerling fish that can tolerate 
concentrations of inorganic copper salts ranging from ~0.3 to ~6 ppm Cu or higher. 
These species include cutthroat trout in hard water, Perciformes sp., channel catfish 
in intermediately hard to hard water, sunfish (Lepomis sp.), fathead minnow, 
Hamilton’s carp, American eel and white perch. The Maine Environmental 
Protection Agency reported that many fish species are susceptible to copper products 
in soft water typical of Maine (LC50 as low as 0.002 ppm). However, some species 
can tolerate certain copper products up to 2,000 ppm Cu. Invertebrate species like the 
rotifer (Phiodina acuticornis), late instar (Chironomus tentans), stoneflies 
(Acroneuria lycorias), and Cyclops sp. that can withstand inorganic copper salts at 
LC50s of 1.0 to 36 ppm Cu may serve as important foodstuff for fish with similar 
tolerance to inorganic copper salts.  Therefore, even field treatments as high as 1.0 
ppm Cu as copper sulfate may allow for the survival of some species of fish 
providing that appropriate aquatic invertebrates are also spared. Gangstad (1978) has 
shown that bluegill sunfish, largemouth bass and channel catfish can survive for more 
than 8 weeks after treatment of growth pools with copper sulfate pentahydrate plus 
diquat at rates of 1.0 plus 1.0 ppm. Acceptable numbers of aquatic invertebrates must 
also have survived or the survival rate in fish would not have been 100% for 8 weeks.  
 
For the most part, field data tends to support this risk assessment under worst case 
scenarios. In many cases, fish and aquatic invertebrates will be adversely impacted 
by applications of copper sulfate at concentrations ranging from 0.025 to more than 
1.0 ppm.  For example, Hawkins (1988) found that treatment of the Solomon Dam 
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Reservoir in North Queensland (Australia) at rates of 1.7 ppm to control algae killed 
almost the entire invertebrate plankton population. In other field studies, some 
species of invertebrates were destroyed in fishponds treated with copper sulfate at 
typical rates to control aquatic vegetation while other species were spared. For 
example, a number of species important to the food web like Gammarus sp., various 
gastropods and larval Chironomids were destroyed. However, copepods appeared to 
be largely unaffected by the use of copper sulfate in the field. Nevertheless, in some 
cases, the careful use of copper sulfate at concentrations that will control 90% of the 
aquatic weeds provides a 10-fold safety factor at the LC10 for a number of species 
that are important as fish foodstuff like Cyclops, Daphnia sp. and Tubifex sp. 
(Neururer et al, 1972).  Depending on the species of fish and/or the aquatic 
invertebrates that are present, detrimental effects on the food web may or may not 
occur. Demayo (1982) found that only invertebrate species changes indirectly 
affected fish in Shayler Run (Ohio). When preferred invertebrate species were 
eliminated, fish shifted their diet to emphasize the species that were present in large 
numbers. Therefore, in this case, no detrimental effects through the food web were 
detected due to changes in diet. McIntosh and Kevern (1974) found similar results 
with the green sunfish. For example, treatment of outdoor ponds with 3 ppm copper 
sulfate (1.25 ppm Cu) was followed by a depression in cladoceran populations. 
However, stomach analysis indicated that green sunfish shifted to alternate food 
sources when cladocerans disappeared from ponds treated with high concentrations 
of copper sulfate. 
 
In determining these acute risk quotients for aquatic invertebrates, 1-, 2- and 4-day 
time-weighted average EECs were used, depending on what was typical for a 
particular species. However, since the degradation of copper sulfate in most water 
bodies typically ranges from approximately 5.5 days in soft water to approximately 2 
days in hard water, the time-weighted average concentration will only vary from 
0.058 to 0.048 ppm Cu in soft water treated with typical use rates to 0.052 to 0.034 
ppm Cu in hard water treated with typical use rates. Historical data has also shown 
that the 48- and 96-hour LC50s will be similar for most species invertebrate species. 
For example, the 48-hour LC50s are 0.0027, 0.529, and 0.011 ppm Cu for 
Ceriodaphnia dubia, Chironomus tentans and Daphnia magna. However, the 96-
hour LC50s for these species are 0.0015, 0.63 and 0.010 ppm Cu, respectively 
(Tables 19 and 23A).  

 
Treatment of an entire water body with copper sulfate generally does not occur. So 
although the treatment rate may be as high as 0.5 ppm Cu, the treatment rate may be 
as low as 0.062 ppm Cu on a whole lake basis since only a portion of the lake is 
treated in a single treatment. For example, in Sylvia Lake (Washington), only the 
southern two-thirds of the lake was treated with 0.5 ppm Cu and the whole lake 
equivalence was 0.062 ppm Cu. While some species may be adversely impacted by 
treatment with copper sulfate at these standard treatment rates, other species will be 
spared. Survival will generally be higher in hard, high alkalinity lakes with high pH 
than soft, low alkalinity lakes with low pH. As discussed above, mortality and 
survival for a number of invertebrate species was verified by various field studies. 
For a detailed discussion of field results for both fish and invertebrates, see section 
4.3.2.3. 
 
Only Cutrine® has been tested extensively in the laboratory on aquatic invertebrates. 
For all species tested, including the fairly sensitive grass shrimp (Palemonetes 
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pugio), the 48- to 96- hour LC50s were greater than 4.8 ppm Cu and for most species 
these LC50s were (10 ppm Cu). Since the maximum use rate for Cutrine® is 1 ppm 
Cu the high level of risk (0.5) should not be exceeded for the most sensitive species 
of aquatic invertebrates. Therefore, this segment of the biota should not be at 
significant risk from the use of Cutrine®, providing that it is used as a restricted use 
herbicide; RQ = 0.17 = 0.80ppm/4.8 ppm on Palemonetes pugio assuming a half-life 
of 5.5 days and a maximum treatment rate of 1.0 ppm Cu. However, only 1 out of 7 
of the test species has an LC50 that is higher than one-tenth of the time-weighted 
EEC, and even in this case the margin of safety is fairly high (6.0-fold). 

Cutrine® has not been tested on invertebrates in well run field tests. However, 
Komeen® plus diquat has been tested in the field on invertebrates at rates of 0.4 plus 
0.4 ppm Cu (Rodgers et al, 1992). Rodgers et al concluded the concentration of these 
herbicides used in the field (Guntersville Reservoir, Alabama) had a high margin of 
safety on that non-target species, such as insects, zooplankton and fish. The lack of 
adverse impact on non-target species was clearly illustrated by the lack of harmful 
effects on non-target resources such as sport fish and mollusks. However, copper that 
accumulated in sediment or pore water after copper sulfate treatments at Lake 
Steilacoom adversely impacted a number of species. Natural levels of copper in 
sediment from Lake Steilacoom (890 ppm in sediment = 0.440 ppm Cu in pore 
water) were toxic to Hyalella azteca and Hexagenia limbata. However, similar 
experiments with spiked sediment from Lake Steilacoom indicates that sediment 
concentrations of copper as high as 2,010 ppm Cu (0.08 ppm Cu in pore water) has 
no effect on the amphipod H. azteca (Huggettt et al, 1999). The reason for the 
differences in the results from these two very similar experiments is not clear. Suedel 
et al (1996) also found that natural sediment containing up to 18,259 ppm copper was 
toxic to a variety of species of invertebrates when it was diluted with formulated 
sediment. For example, sediment containing approximately 40 ppm Cu was toxic to 
Daphnia magna and Ceriodaphnia dubia when the pore water contained 
approximately 0.040 and 0.1120 ppm Cu, respectively, and the overlying water 
contained approximately 0.008 and 0.009 ppm Cu, respectively. Similar results were 
seen with H. azteca when the sediment contained approximately 300 ppm Cu and the 
pore water and overlying water contained approximately 0.700 and 0.050 ppm, 
respectively. Chironomus tentans appears to be much less susceptible to copper in 
sediment, pore water and overlying water with the 96-hour LC50 being 1,905, 0.135 
and 0.0571 ppm, respectively. It seems that the demonstrated toxic effects were 
primarily due to the amount of copper in the overlying water in the cases of C. dubia, 
D. magna and H. azteca, but were due primarily to the copper in the sediment with C. 
tentans. However, Bennett and Cubbage (1992) indicate that the toxicity of copper to 
Hyalella azteca and Hexagenia limbata are due primarily to pore water exposure. 
Therefore, it appears that intoxication is due to the media, which the affected 
organism is primarily exposed to.  

• Chronic risk assessment 
 

In general, chronic risk assessment for protection of the biota takes into consideration 
two factors. 

 
 The typical environmental concentrations of the pesticide that the biota will be 

exposed to for “chronic” periods of time is determined as follows: Chronic exposure 
is typically considered to be 21 to 28 days. However, what is considered chronic 

Supplemental Environmental Impact Statement Assessments of Aquatic Herbicides: 
DRAFT Volume 6 – Copper, Section 4 – ENVIRONMENTAL EFFECTS 

Vol. 6, Sect. 4 – Page 186 



 

exposure for a species, depends in part on the length of its life cycle. For example, a 
chronic exposure for Ceriodaphnia dubia may be considered to be 4 to 7 days since 
this organism is able to complete its full life cycle within this time frame. However, 
chronic exposure for Daphnia magna is generally considered to be 21 to 28 days 
since it takes this much time for Daphnia magna to go from a neonate to the 
completion of its reproductive period. Fish can take 30 to 90 days to go through the 
most sensitive portion of their life cycle, which is generally considered to be from 
egg to free-swimming fry. 

 
Some experts (most notably, Lenwood Hall – Personal communications, 2001) 
indicate that they do not believe that chronic exposure is a serious issue with most 
aquatic species since copper is removed from the water column rapidly and long-term 
concentrations of copper in water are usually fairly low. For example, at typical use 
rates (0.048 to 0.140 ppm), the equilibrium concentrations in hard water would range 
around 0.0038 to 0.0089 ppm Cu (Wagemann and Barica, 1979). At a typical use rate 
of 0.062 ppm Cu in soft water, the equilibrium concentrations would range around 
0.012 ppm Cu. In another case, after 2 years of no copper sulfate use, the dissolved 
concentration of Cu was approximately 0.120 ppm. However, in order for 
intoxication to occur, copper must not only be dissolved but must also be freely labile 
to toxic forms which are primarily Cu2+, CuOH+ and Cu2(OH)2

+ but may also include 
Cu(OH)2 and other potentially toxic copper species. Certain species of copper are 
only mildly toxic including copper carbonate (CuCO3), cuprite [Cu2(O)], malachite 
(Cu2CO3), azurite (Cu3(O)(2[CO3] ) tenorite (CuO) and chalcocite (Cu2S) and 
chalcopyrite [CuFeS2 (Demayo, et al; 1982, Sanchez and Lee, 1978; Brown et al 
1978; Wagemann and Barica, 1979 and Chu and Chan, 1974)]. “Because of the 
variable degree and nature of copper-complexing which will occur when raw surface 
waters are used for dilution purposes in toxicity tests, such tests cannot serve to 
define the ‘true’ toxicity of copper (which will often be grossly underestimated) nor 
have application to waters other than those being used, unless information is obtained 
on the concentrations at which the toxic species of copper are present” (Brown et al, 
1974). 
 
In certain circumstances, particularly in estuarine and marine waters, the natural 
concentrations of copper can have a chronic impact on certain species of fish, 
invertebrates and plants. For example, Engle and Sunda (1979) have found that egg 
hatching in spot (Leiostomus xanthurus) and Atlantic silverside (Menidia, menidia) 
will be inhibited by natural seawater. Natural seawater contains copper 
concentrations of 0.0001 to 0.004 ppm and hatch of spot and Atlantic silverside eggs 
are completely inhibited by copper sulfate concentrations of 0.0008 and 0.0004 ppm 
Cu, respectively. Browne (1980) has found that extremely low levels of copper have 
an adverse chronic effect on the brood size of brine Shrimp (Artemia salina). The 
concentration of copper sulfate that affects reproduction in brine shrimp is 24,000 to 
156,000-fold less than the concentration that causes acute toxicity. Sunda and 
Guillard (1976) have found that copper eliminates growth in Thalassisiora 
pseudonana at 0.0003 ppm Cu and inhibits growth in Nannochloriss atomus at 
0.000002 to 0.0001 ppm Cu. This is interesting for the protection of estuarine species 
since it indicates that even a very minor addition of copper sulfate to the estuarine or 
marine environment may have adverse impact on estuarine fish, estuarine 
invertebrates and estuarine/marine phytoplankton. 
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If a soft water body is treated with 0.062 ppm Cu of copper sulfate, it is anticipated 
that the long-term equilibrium concentration could be as high as 0.01 ppm Cu and 
even before treatment with copper sulfate, concentrations of copper in the water 
column have been seen that are as high as 0.0065 ppm Cu (Serdar, 1995). These 
levels of copper concentration occurred in the water column of Sylvia Lake 
(Washington) at 18 days after treatment and prior to the 1994 treatment season, 
respectively. Lake Monona (Wisconsin) has had dissolved copper concentrations as 
high as 0.120 ppm Cu in the water column for 2 years after treatment with copper 
sulfate had ceased, although the bulk of this copper (0.108 to 0.111 ppm Cu) was in 
the form of copper dihydroxide [Cu(OH)2], which is believed to be somewhat less 
toxic than the cupric ion itself (Sanchez and Lee, 1978). However, Wagemann and 
Barica (1979) indicate that this species of copper [Cu(OH)2], Cu2+

 and CuOH+ all 
contribute substantially to the total toxic copper levels in treated lakes. In hard water 
prairie pothole lakes in Manitoba, the concentration of copper at equilibrium after 
treatment with typical use rates (0.048 ppm to 0.140 ppm Cu) ranged from 0.0038 to 
0.0089 ppm Cu. However, later in the summer season, the concentrations of copper in 
these ponds decreased to 0.0011 to 0.0027 ppm Cu. Even when prairie pothole lakes 
were treated at higher concentrations of 0.25, 0.325 or 0.510 ppm Cu, late summer 
concentrations of copper in these lakes were 0.012, 0.0029 and 0.0019 ppm Cu. 
Concentrations of copper sulfate that are as low as the long-term summertime 
concentrations in hard water lakes will typically be ineffective in suppressing the 
growth of algae (Wagemann and Barica, 1979). However, applied concentrations of 
copper sulfate at 0.025 to 0.040 ppm will control Aphanizomenon flos-aquae without 
harming rainbow trout in these hard water lakes (Whitaker et al, 1978). Copper in 
untreated water bodies varies significantly from site to site, with concentrations of 
less than 0.001 to 0.003 ppm Cu in pristine lakes and rivers. Examples of such sites 
include lakes and rivers in Wales (UK) and the Willamette River (Oregon). In lakes 
and rivers that are located near copper mining areas, nickel and copper smelters, or 
downstream from battery manufacturers, the copper concentration in the water 
column can be quite high and extremely variable ranging from <0.001 to over 0.100 
ppm Cu. Since chronic effects are predicted or demonstrated on fish at concentrations 
ranging from 0.0035 ppm Cu in Coho salmon and steelhead trout to 0.21 ppm Cu in 
common carp, potential or adverse impact on fish exists since the chronic level of 
concern (1.0) could be exceeded in some cases (estimated RQ = 1.9 = 0.0064 
ppm/0.0035 ppm for steelhead trout in soft water). Other important game species like 
Northern pike (Esox lucius) may also be affected since the MATC for effects on 
embryos and larvae is 0.060 ppm and this is exceeded in some cases during long-term 
exposure or exposure of fish at equilibrium. Concentrations of copper can be 
expected to exceed this value in some hard water lakes treated with 0.25 to 0.510 
ppm Cu where the equilibrium concentrations of copper in the water column may 
range from 0.038 to 0.087 ppm Cu. Some species of invertebrates may also be very 
sensitive to chronic exposure from copper. This is because life cycle reproductive 
effects occurred which have estimated MATCs of 0.0024 ppm Cu and these values 
are lower than the concentration of copper in some pristine lakes and rivers or lakes 
like Sylvia Lake (Washington) prior to its 1994 treatment season. The acute/chronic 
toxicity ratios for fish and aquatic invertebrates are fairly low (8.4-fold for fish and 
2.4 fold for aquatic invertebrates) and are used to predict the chronic toxicity of 
copper products from their acute toxicity. 
 
Whether or not these concentrations of copper sulfate will have chronic impact on 
fish or aquatic invertebrates depends on the form of copper. The form that the copper 
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is in can be calculated if the pH is known. Typical chronic effects in fish and aquatic 
invertebrates exposed to low environmental concentrations of 0.038 to 0.1 ppm after 
equilibrium has occurred could include embryo and larval abnormalities (MATC = 
0.060 ppm Cu in Northern pike), larval survival (NOEC = 0.021in bluegill sunfish), 
life cycle effects (MATC = 0.0088 ppm Cu on fathead minnow), effects of growth 
(NOEC = 0.0087 ppm Cu on fathead minnow), effects on egg to fry development 
(MATC = 0.014 to 0.022 in fathead minnow) effects on early life stage (MATC = 
<0.0074 ppm Cu on Chinook salmon), teratogenic effects (MATC <0.001 ppm Cu in 
rainbow trout), suppression of the immune system (MATC = 0.0021 ppm Cu in 
brown trout), anorexia (MATC = 0.031 ppm Cu in Atlantic salmon) and various 
effects on egg hatch, growth and fecundity [NOEC = <0.0045 to >0.0094 ppm Cu 
and MATC = 0.0045 to 0.0094 ppm Cu in Eastern brook trout (Tables 12 and 20)]. 
 
In addition to the above observations, a classical chronic risk assessment was 
conducted assuming a copper sulfate treatment of 0.062 ppm Cu. In order to conduct 
these assessments, half-lives of 5.5 days were assumed in soft water and 2 days in 
hard water. According to the chronic risk assessment (Table 23B), a number of 
species will be at chronic risk for growth and development in their early life stages 
since the risk quotient is greater than the long-term level of concern (1.0). Therefore, 
growth, development and reproduction will be affected in the fish and aquatic 
invertebrate biota. Environmentally relevant species which are affected in their 
growth and early life stage development by chronic exposure to concentrations of 
copper sulfate that may be encountered in the environment (0.0064 to 0.035 ppm Cu) 
include the fathead minnow (MATC = 0.012 ppm Cu; RQ = 2.9), Chinook salmon 
(MATC = <0.0074 ppm Cu; RQ = >2.3), and rainbow trout (MATC = <0.001 ppm 
Cu, RQ = >6.4). Other species of fish may be affected at chronic exposure rates 
similar to these species since the chronic MATC predicted from the acute LC50 
divided by the acute/chronic ratio is in the same range as those measured above. The 
environmentally relevant species that are predicted to be affected by chronic exposure 
to copper sulfate include cutthroat trout (MATC = 0.0019 ppm Cu; RQ = 8.9), 
Chinook salmon, (MATC = 0.0030 ppm Cu; RQ = 5.7), steelhead trout (MATC = 
0.0035 ppm Cu; RQ = 1.85), striped bass (MATC = 0.003 ppm Cu; RQ = 5.7) and 
Coho salmon (MATC = 0.0054 ppm Cu, RQ = 3.06). The freshwater fish species that 
are affected, or predicted to be affected, by copper sulfate are generally only affected 
in fairly soft water, although there are exceptions. For example, rainbow trout and 
steelhead trout (both Oncorhynchus mykiss) are either predicted to be, or are affected 
chronically when exposed to copper sulfate at levels ranging from <0.001 to 0.0035 
ppm Cu MATC. Furthermore, many species chronically exposed to copper sulfate in 
soft water were determined or predicted to not be strongly affected. These species 
include Eastern brook trout, sub-adults of Chinook salmon, Perciformes species, 
bluegill sunfish, American eel, and white perch. However, a number of 
estuarine/marine species are predicted to be affected by chronic exposure to copper 
sulfate including summer flounder, winter flounder, spot and Atlantic silverside, but 
this is not surprising because a number of estuarine/marine fish species are adversely 
impacted by chronic exposure to seawater containing natural levels of copper (0.0001 
to 0.004 ppm Cu). 
 
In a study designed to mimic field studies, McKim et al (1978) found that low 
exposure levels of copper (0.0317 to 0.043 ppm Cu) reduced the standing crop of 
larval brown trout, rainbow trout, lake trout, white sucker, herring and smallmouth 
bass. However, somewhat greater chronic exposure concentrations (0.1041 ppm Cu) 
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were necessary to reduce the standing crop of larval Northern pike. Higher use rates 
could potentially expose fish to chronic concentrations of copper that may adversely 
impact early developmental stages. For example, treatment rates of greater than 0.25 
ppm Cu have direct acute toxic impact on rainbow trout in prairie pothole lakes and 
the equilibrium concentration of copper was 0.038 ppm Cu after treatment at this 
level (Whitaker et al, 1978 and Wagemann and Barica, 1979). Such treatment levels 
are higher than the lower levels noted by McKim et al (1978) to reduce the standing 
crop of a variety of game and commercial fish. In real field situations, lakes treated at 
rates ranging from 0.15 to 1.5 ppm copper sulfate (0.038 to 0.38 ppm Cu) up to 5 
times per season from 1925 to 1972 had roughfish:panfish:gamefish ratios that were 
very different from lakes that had never been treated with copper sulfate. For 
example, in the Fairmont Lakes (Minnesota), which had been treated extensively with 
copper sulfate, this ratio was 79:18:1 in 1977 but in Wilmert and South Silver Lakes, 
which had never been treated with copper sulfate, these ratios were 1:9:90 and 
11:21:68, respectively, in 1977. This indicates a shift in dominant species due to the 
chronic treatment of a lake system with copper sulfate (Hanson and Stefan, 1982). 
Treatment with copper sulfate can also be very hard on fish that are restocked to 
lakes. For example, 80% of the restocked walleyes in the Fairmont Lakes were killed 
by copper sulfate treatment, which destroyed a $30,000 fish restocking program 
initiated by the Minnesota Department of Conservation. In addition to direct toxic 
impact from exposure to copper sulfate, copper treatments appeared to be detrimental 
to fish reproduction (Moyle, 1946 in Hanson and Stefan, 1984) although it is apparent 
that rainbow trout, and presumably other fish, can adapt to concentrations of copper 
that range up to 0.3 ppm Cu (Lett et al, 1976). In water cooling impoundments at the 
H.B. Robinson power station, the chronic concentration of soluble copper ranged 
from 0.018 to 0.061 ppm Cu. These concentrations reduced the adult and larval fish 
populations and increased the incidence of structural deformities in bluegill sunfish 
during the 1976 to 1978 seasons (Bayne et al, 1980 in Harrison, 1985). These 
concentrations are similar to those found to reduce the standing crop of a variety of 
larval fish. The long-term (continuous) use of copper sulfate at concentrations of up 
to 0.2 ppm Cu in Farmers Ditch (Colorado) appears to have no effect on fish and 
aquatic invertebrates located in this canal. For example, all fish including yellow 
perch, minnows, carp and a few trout were found to be in good condition in the 
copper sulfate treated reaches of this canal. Other aquatic life like crayfish, mayfly 
larvae and midgefly larvae also appear to be healthy in this canal after use of copper 
sulfate for pondweed control (Gangstad, 1986). Furthermore, the concentrations of 
toxic copper species (~0.120 ppm Cu) was high in Lake Monona (Wisconsin) even 
after no treatment of this water body with copper sulfate had occurred for 2 years 
(1969-1970). Even though large amounts of copper have been added to Lake Monona 
for over 50 years, the dissolved copper levels are not higher than would normally be 
expected in hard water lakes that had not received copper sulfate treatments. Even 
though the copper concentration in Lake Monona is high, water quality criteria 
developed from studies designed to detect chronic sub-lethal effects of copper on 
aquatic organisms indicates that no significant long-term adverse effects arising from 
the use of copper sulfate for algae control has occurred (Sanchez and Lee, 1978). 
Chronic risk assessment with fish has been presented in Demayo et al (1982) and in 
Biesinger and Christensen (1972). However, these studies were water body and/or 
species specific. For example, Biesinger and Christensen (1972), citing the work of a 
number of authors, found that the chronically safe level for exposure of fish to copper 
sulfate was 0.011 to 0.015 ppm Cu for fathead minnow and 0.0095 ppm Cu for 
Eastern brook trout. These are similar to the MATC levels cited in Table 20 (0.012 to 
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0.022 ppm Cu for fathead minnow and 0.0075 to 0.031 ppm Cu for Eastern brook 
trout and lake trout). Demayo et al (1982) also found that 0.12 ppm Cu was the 
unsafe level effecting spawning of the bluntnosed minnow in Shayler Run (Ohio). 
Inorganic copper salts are toxic in some water bodies and not others. Therefore, 
predicting the toxicity of these algae control products from laboratory data is not 
possible since “such tests cannot serve to define the ‘true’ toxicity of copper (which 
will often be grossly underestimated) nor have application to waters other than those 
being used, unless information is obtained on the concentration at which the toxic 
species of copper are present” (Brown et al, 1974). The toxicity of inorganic copper 
salts is water body specific. Therefore, it may be necessary to conduct streamside 
tests with water from a specific water body to determine if treatment of indigenous 
fish species in a specific water type is likely to cause acute or chronic impact 
(Demayo et al, 1982). 
 
The risk assessment data presented in Table 23B indicates that some of the 
commercial copper-complexes are less likely than copper sulfate to cause adverse 
chronic impact on fish. No chronic studies were found to support this conclusion. 
However, if the chronic toxicity is estimated from the LC50 of a copper-complex 
divided by the acute/chronic toxicity ratio (8.4), an estimate of the chronic toxicity 
for these copper-complexes can be determined. The use of Komeen® has been 
determined to be questionable by Finlayson (1980) due to its acute toxicity to 
salmonids (LC50 = 0.076 to 4.6 ppm Cu). However, from the currently available data 
it is predicted as unlikely to cause chronic impact on fish when used at rates up to 0.5 
ppm Cu [28-day time-weighted EEC = 0.0046 ppm Cu (predicted MATC = 0.009 to 
66 ppm Cu; RQ = 0.0001 to 0.51)]. Even at higher use rates of up to 1.0 ppm Cu, 
typical fish species should not be affected strongly by chronic exposure to Komeen® 
(RQ = 0.0002 to 1.0) although the rainbow trout has some potential for adverse 
chronic impact. The chronic level of concern (1.0) is equal to the predicted chronic 
risk quotient for Komeen® on rainbow trout in soft water when the treatment rate is 
1.0 ppm Cu.  Therefore, it may be questionable to use Komeen® for the control of 
Hydrilla verticillata when salmonids are present, due to its acute toxicity and its 
predicted chronic effects. Field data supports these observations. Exposure of 
largemouth bass for 100 days to Komeen® plus diquat at initial treatment rates of 0.3 
plus 0.3 ppm had no impact on abundance, size structure, condition or movement of 
these fish in the Guntersville Reservoir [Alabama (Bain and Boltz, 1992)]. In a 
similar experiment conducted in the Guntersville Reservoir, Komeen® plus diquat at 
rates of 0.4 plus 0.4 ppm Cu was used to control Hydrilla verticillata and 
Myriophyllum spicatum. Under these conditions Komeen® had dissipated to 
background levels within 1 to 2 days after treatment. Furthermore, a large margin of 
safety of Komeen® plus diquat was demonstrated since there was a lack of harmful 
effects on non-target aquatic resources such as sport fish (Rodgers et al, 1992).  
 
Other commercial copper-complexes have a greater potential for chronic impact than 
Komeen®. For example, the Copper-TEA complexes like K-Tea™, Cutrine® and 
Copper Control®, are known for being acutely toxic to certain species of fish 
including rainbow trout and potentially other salmonids, striped bass, channel catfish 
in soft water as well as ornamental carp (koi and goldfish). Based on predicted 
MATCs and the fact that when these products are applied at 0.5 ppm Cu, the longer 
half-life (~6 days) causes the 28-day time-weighted EEC to be 0.15 ppm Cu, these 
copper-TEA products are predicted to have a chronic impact on a variety of 
freshwater fish. The long-term level of concern (1.0) is exceeded by the predicted RQ 
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for a variety of fish species. Therefore, it is likely that there will be adverse chronic 
impact on the fish biota from the use of these products. Species that are likely to be 
strongly affected include rainbow trout (MATC = 0.0036 ppm Cu; RQ = 42), striped 
bass (MATC =0.0012 to 0.012 ppm Cu; RQ = 12.6 to 126), and channel catfish 
(MATC = 0.0061; RQ = 25). Greater impact is expected under soft water and low 
alkalinity conditions than under hard water and high alkalinity conditions. However, 
work presented in Harrison (1986) indicates that the toxicity of copper products has 
much less impact on chronic toxicity than on acute toxicity. Some field work 
indicates that Copper-TEA complexes are acutely toxic in combination with diquat to 
a variety of fish in the field (Daniel, 1972). However, work similar to that done with 
Komeen® has not been done with the Copper-TEA complexes on chronic toxicity of 
these products in the field.  

 
Chronic risk from the use of inorganic copper salts (including copper sulfate) is 
possible in the field. As was found with estuarine/marine fish, many species of 
estuarine and marine invertebrates may be adversely affected by chronic exposure to 
copper. For example, Venerupis deussata (clam) is affected by copper at 
concentrations as low as 0.0007 ppm Cu. Other species of estuarine/marine 
invertebrates may be affected at somewhat higher concentrations including mussel, 
(MATC = 0.0024; RQ = 7.035), Pacific oyster (MATC = 0.0033; RQ = 5.2) and the 
copepod Acarcia tonsa (MATC = 0.0129 ppm Cu; RQ = 1.3). As discussed by Engle 
and Sunda (1979), the more sensitive species of invertebrates as well as fish may be 
chronically impacted by levels of copper that are naturally found in seawater (0.0001 
to 0.004 ppm Cu). It seems likely that the clam, mussel and Pacific oyster will be 
chronically impacted by copper when it is present even at levels than are typically 
found in seawater. A number of freshwater species are likely to be impacted by long-
term exposure to copper that will be found in the environment after treatment with 
0.062 ppm Cu. Environmentally relevant aquatic invertebrate species that may be 
affected by long-term exposure to inorganic copper salts include various species of 
water flea [Ceriodaphnia dubia and Daphnia sp. (MATC = 0.0023 to 0.0096 ppm 
Cu; RQ = 1.8 to 9.6)]. Other species with measured chronic MATC values that 
exceed the time-weighted EEC include Gammarus psuedolimnaeus (MATC = 0.0036 
ppm Cu; RQ = 2.2) and the bloodworm [Chironomus tentans (NOEC = 0.0229 ppm 
Cu; RQ = 1.5)]. Most other species of freshwater invertebrates do not have risk 
quotients that exceed the long-term level of concern, or if the RQ is higher than the 
LOC, it is not significantly higher (RQ = 0.0004 to 1.2). Therefore, at the treatment 
level of 0.062 ppm Cu, most aquatic invertebrate species should not be adversely 
impacted in a chronic sense at this treatment rate.   
 
A number of field and microcosm studies indicate that while invertebrates are 
“chronically” impacted by exposure to copper sulfate, recovery in many species is 
rapid. For example, exposure of invertebrates to 10 ppm copper sulfate in a 
laboratory mesocosm that included artificial sediment only caused partial mortality to 
Daphnia magna but there was no decrease in reproduction rate. Furthermore, while 
partial chironomid mortality was observed, adult emergence was inhibited by only 
50%. Various amphipod species survived but their growth rate was decreased when 
exposed to 10 ppm copper sulfate. While 10 ppm copper sulfate kills Simocephalus 
vetulus, they were able to grow normally in this water 10 days after treatment, 
providing that the water column was artificially inoculated with this species (Clement 
and Cadier, 1998).  Treatment of the Solomon Dam (North Queensland, Australia) 
with copper sulfate at 1.7 ppm Cu completely destroyed the invertebrate plankton. 
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However, rotifers (Bracionus calcyferous) reappeared 14 days after treatment and 
copepods (Meocylcops notius) and cladocerans (Moina micrura, Daphnosoma sarsi 
and Daphnia lumholtzi) displaced the pioneer rotifers 1 month after treatment. In 
Moraine Lake (New York), benthic mollusc communities were much different in 
lakes that had been treated with copper sulfate plus diquat dibromide than in lakes 
that had never been treated with this mixture of products (Harman, 1978). Laboratory 
experiments indicate that Daphnia magna can adapt to copper sulfate. For example, 
pre-exposure of daphnids to 0.010 ppm Cu for only 20 hours caused them to develop 
a tolerance for copper sulfate, with the LC50 in pre-exposed daphnids being 2.1 to 
3.5-fold higher than in unexposed daphnids (LeBlanc, 1982). Taub et al (1986) found 
a similar phenomenon in outdoor microcosms that were treated with copper sulfate at 
rates of 0.5 ppm Cu. Under these conditions, the daphnid population maximum was 
similar to the untreated control but took approximately 20 days longer to reach that 
maximum population. At higher concentrations of copper sulfate (1.0 to 2.0 ppm Cu), 
the maximum populations did not develop for 10 to 20 days longer than at the lower 
treatment rate, and in some cases, were suppressed almost completely for 60 days 
after treatment. Chronic exposure of invertebrates in Lake Steilacoom (Washington) 
to sediment that had copper concentrations ranging from 180 to 1000 ppm Cu caused 
a long-term decrease in numbers and a shift in dominant species to those more 
tolerant of pollution. For example, the Hilsenhoff Biotic Index ranged from 6.9 in the 
less contaminated south basin to 9.3 in the more contaminated north basin. The 
dominant species in the north basins were the pollution intolerant Ophidonais 
serpentina (oligochaete) and Simocephalus vetulus (water flea), while in the south 
basin, the dominate organisms were the pollution tolerant Chironomus sp. (midge 
larvae) and Bothrioneurum vejdovskyanum (oligochaete). Many other authors have 
observed similar situations in the field including Hanson and Stefan (1984) in 
Fairmont Lake sediments and McIntosh and Kevern (1974) in outdoor ponds. 
Population shifts that may effect the food web are an important observation for the 
general health of the water body since fish appear to shift their diet to other 
invertebrate species of appropriate size and nutritional content when preferred 
species are not present (Demayo et al, 1982 and McIntosh and Kevern, 1974). 
 
Biesinger and Christensen (1972) have conducted chronic Risk Assessments with 
inorganic copper salts on aquatic invertebrates. However, they were species specific 
and may not be applicable to water bodies with a different species complex or those 
that have water quality that is greatly different from that used to conduct the 
laboratory toxicity tests. Nevertheless, these authors found that safe concentrations of 
copper chloride or copper sulfate were 0.022 ppm Cu for Daphnia magna and 0.0046 
to 0.008 ppm Cu for Gammarus pseudolimnaeus. The results presented in Tables 2, 
12, 21 and 23B lead one to similar conclusions for the same species, where a safe 
concentration for Daphnia magna ranges from 0.0023 to 0.028 ppm Cu, depending 
on the water quality. A safe concentration for Gammarus pseudolimnaeus is 
approximately 0.0036 ppm Cu. 
 
Very little work has been done with the Copper-TEA-complexes. No long-term 
chronic laboratory work has been done with the Copper-TEA complexes. However, 
estimates of the MATC for Cutrine® using the acute/chronic toxicity ratio for the 
inorganic copper salts indicate that the MATC for 7 species ranges between 2.0 ppm 
and 65 ppm Cu and this is much higher than the 28-day time-weighted EEC of (0.3 
ppm Cu) when Cutrine® is applied at 1.0 ppm Cu. Since the predicted chronic risk 
quotient for Cutrine® (<0.2) is less than the long-term level of concern for all species 
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tested, it seems unlikely that Cutrine® would adversely impact growth and 
reproduction in aquatic invertebrates. There exists a very limited amount of field data 
with Cutrine®. However, Cutrine® applied at 2.0 ppm (~0.2 ppm Cu) controls the 
algal species Anabaena spiroides and Peridinium inconspicuum while the 
zooplankton, Brachionus sp. and Cyclops sp. remain unaffected by this treatment 
(Patnaik, 1980).  

 
Summaries of the Risk Assessments used in this section are provided in Tables 23A 
and 23B. 
 

4.3.3. Copper Products Potential Impacts to Terrestrial Wildlife and Plants 
 
The goal of this portion of the document is to discuss the effects of single 
applications/exposures and chronic applications/exposures to terrestrial wildlife (birds 
and mammals) and terrestrial plants exposed to aquatic herbicides containing copper. In 
addition, possible effects on the food chain and threatened and endangered species will be 
discussed as well as ways to mitigate exposure of these organisms to the aquatic uses of 
copper. The information presented summarizes toxicological studies to determine the 
effects of copper-containing products on plant and animal species. 

 
4.3.3.1 Effects on Terrestrial Animals (Birds, Mammals and Insects)  

 
Studies have been conducted to assess the toxicity of copper sulfate and copper 
triethanolamine on various animal groups. Acute oral (LD50) and acute dietary (LC50) 
studies are presented. 

4.3.3.1.2 Effects on Birds 
 
• Acute effects on birds 

 
Acute oral data for copper sulfate and copper triethanolamine are available for both 
bobwhite quail and mallard ducks. The acute oral LD50 for bobwhite quail ranges 
from 135 mg/kg to 1,150 mg/kg [copper sulfate (Table 24)]. The acute oral LD50 for 
the mallard duck ranges from 2,000 mg/kg to 5,000 mg/kg (Table 25). This data 
indicates that copper is moderately to practically non-toxic (Table XX) to birds when 
orally dosed. 
 
Acute dietary (LC50) data for bobwhite quail and mallard ducks are also available. 
The LC50 for bobwhite quail ranges from > 5,000 ppm to > 10,000 ppm (Table 26). 
The acute dietary LC50 for mallard ducks ranges from > 5,000 ppm to > 10,000 ppm. 
These data indicate that copper sulfate and copper triethanolamine are practically 
non-toxic when consumed in the diet by bobwhite quail and mallard ducks.  

 
4.3.3.2 Acute Effects on Mammals 
 

• Acute oral effects 
 

Acute oral rat data is available for copper sulfate pentahydrate (LD50 300 to 472 
mg/kg). This data indicates that copper sulfate pentahydrate is moderately toxic to 
rats when administered orally (Table 27).  
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• Acute intraperitoneal, subcutaneous and intravenous effects 
 
Acute intraperitoneal mouse data is available for copper sulfate pentahydrate (LD50 
10 to 33 mg/kg. This data indicates that copper sulfate pentahydrate is highly toxic to 
mice when administered by intraperitoneal injection. Subcutaneous rat and 
intravenous rabbit LD50 data also indicate that copper sulfate pentahydrate is highly 
toxic.  

 
4.3.3.3 Mitigation of Effects on Birds and Mammals 
 

There are two common routes of exposure of livestock and terrestrial wildlife to aquatic 
applications of copper products. The two routes are exposure through drinking water 
treated with products containing copper or eating aquatic plants, fish or other aquatic 
organisms from the treatment site. Based on the acute studies listed above, copper and its 
products used as aquatic herbicides do not pose a significant acute or chronic risk to 
terrestrial birds or mammals. However, it is not unheard of for sheep to drink from 4 to 
10 liters of water in a day. Therefore, Canadian government guidelines recommend a 
maximum copper concentration in drinking water of 2 ppm for sheep and 5 ppm for other 
farm animals. The Australian Government guidelines recommend not more than 0.5 to 
2.0 ppm copper in the drinking water of farm animals, and the U.S. NAS recommends 
that the drinking water for livestock contain no more than 0.5 ppm Cu (Demayo, 1982). 
The U.S. EPA recommends that water used for irrigation, livestock watering and 
household purposes not contain more than 1.0 ppm Cu (EPA, 1987). The only mitigation 
or control for wild animals and birds is to follow the label directions. Many studies have 
been run on these products to ensure their safety to wildlife and the label directions and 
warnings reflect the results of these studies. Therefore, if the chemicals are applied 
according to the label the effect on terrestrial wildlife should be minimal. 
 
Other mitigation measures may also be available to lessen the effects of applications on 
wildlife populations. One possible mitigation measure would be not allowing applications 
if large populations of birds use shorelines or islands in the water body to be treated for 
nesting until after nesting is complete. Another mitigation measure would be to time 
applications to avoid migratory waterfowl and other bird species that use certain water 
bodies during migration. Efforts to avoid effects on migratory and nesting birds would 
best be coordinated between the permit writer and The Washington State Department of 
Fish and Wildlife (WFWS) prior to granting the permit. 
 

4.3.3.4 Possible Effects on the Food Chain 
 

The potential of copper to bioaccumulate in birds and mammals has not been well 
studied. However, it is unlikely that bioaccumulation will occur due to coppers low Kow 
and its tight binding to soil and sediment.  
 

4.3.3.5 Effects on Endangered Terrestrial Plants, Birds and Mammals 
 

A list of endangered terrestrial plants, birds and mammals is located in Table 28. Minimal 
effects to these organisms are expected from application of aquatic herbicides containing 
copper. Mitigation of possible effects on listed endangered species is best accomplished 
by following the mitigation sections for terrestrial plants, birds and animals. As stated 
previously, the best way to mitigate possible effects on all terrestrial species is to follow 
the directions listed on the label.  
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Other mitigation measures involve the contact of WFWS by the issuer of the permit to 
ascertain if any endangered species may be affected by the application of the chemical to 
the water body in question. Questions asked by the permit granter would ascertain if any 
resident endangered bird or animal species are known to use the water body in question 
or its shorelines or islands as breeding or forage areas, or if the application coincides with 
the migration of any endangered species. If endangered species are present, mitigation 
measures may involve postponing application until after the breeding season or 
postponement of application until after migration of the species in question. Use of an 
alternate means of control (i.e. mechanical) if the risk is determined to be too great to the 
species in question may also be an option.  
 

4.3.3.6 Effects on Terrestrial Plants 
 
• Acute effects of copper on terrestrial plants 

 
Several studies have been conducted to assess the acute affects of copper (as copper 
sulfate) on various terrestrial plants. For example, Wallace et al (1977, in Efroymson 
et al, 1994) found that copper sulfate added to a loam soil effected the weights of 
leaves of bush beans grown from seed for 17 days. Leaf weight was reduced by 26% 
by 200 ppm copper, but 100 ppm had no effect. Wong and Bradshaw (1994 in 
Efroymson et al, 1994) evaluated the reductions in lengths of longest roots and shoots 
of rye grass grown for 14 days in a nutrient solution (pH 7) to which copper (as 
copper sulfate) was added. The length of the longest root was reduced 71% by the 
lowest concentration tested (0.031 ppm copper). Patel et al (1976, in Efroymson et al, 
1994) found that maize seedlings germinated and grown for 10 days in a copper 
sulfate solution, containing 0.06 ppm copper, had a 40% reduction in total fresh 
weight. The same concentration also caused a 45% reduction in the root weight of 
chrysanthemums grown for 21 days.   

 
• Chronic effects of copper products on terrestrial plants 

 
Miles and Parker (1979, in Efroymson et al, 1997) found that 100 ppm copper as 
copper sulfate added to a sandy soil caused approximately 68% reduction in root and 
shoot weights of little bluestem grown from seed for 12 weeks. Heale and Ormrod 
(1982, in Efroymson et al, 1997) found that seedlings (90 days old) of red pine, 
maple, dogwood and honeysuckle grown for 110 days in a nutrient solution 
containing 4 ppm copper as copper sulfate were affected. These effects included a 
reduction in plant weight for all species tested and a reduction in the rate of stem 
diameter increase in all species tested except for the red pine.  

 
• Mitigation of the effects on terrestrial plants 

 
While copper products are labeled for use on various crop plants and orchards, many 
terrestrial plants are highly susceptible to the effects of copper (see seed germination, 
seedling emergence and vegetative vigor studies above). The main routes of exposure 
for terrestrial plants from aquatic herbicides are over spray/drift and the use of treated 
water as irrigation. In order to mitigate problems with agriculture, all labels for 
aquatic herbicides containing copper have wording prohibiting the use of copper 
treated water at rates higher than 1.0 ppm Cu.  Pratt (1974 in Demayo, 1982) has 
suggested a maximum copper concentration of 0.2 ppm in irrigation water for 
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continuous use on all soils, particularly when sensitive crops are present (vegetables 
and tobacco). Where water is used for the irrigation of less sensitive crops (cereals), 
it has been recommended that copper concentration should not exceed 1.0 ppm Cu.  
However, for short-term use, this limit may be increased to 5.0 ppm Cu (Demayo and 
Taylor, 1981 in Demayo et al, 1982). In addition, all labels specifically state that 
contact or drift (over spray) to other plants or crops should be avoided as injury to the 
plants may occur. If these label directions are followed, adverse effects to terrestrial 
plants following application of copper-containing aquatic herbicides will be minimal. 

 
4.3.3.7 Effects on Amphibians 
 

Embryo-larval stages of the leopard frog (Rana pipiens) were found to be more sensitive 
to copper than rainbow trout embryos and alevins (Birge and Black, 1979 in Demayo, 
1982). The 4-day post hatch LC50s were 0.05 and 0.11 mg/l Cu, respectively. Toad 
(Gastrophryne carolinensis) embryo-larval stages were also shown to be as sensitive as 
rainbow trout to the effects of copper with a 7-day LC50 of 0.04 mg/l (Birge, 1977 in 
Demayo, 1982). Also, tadpoles (Rana sp.) living in a system contaminated by coal ash 
have been reported to accumulate copper at 38 mg/kg [wet weight (Cherry and Guthrie, 
1977 in Demayo, 1982)].  

 
4.4 ADDITIONAL POTENTIAL DIRECT AND INDIRECT IMPACTS OF 

HERBICIDE USE ON WETLAND ENVIRONMENTS  
 
Summary: Dilution should mitigate the effects of copper products on aquatic plants or 
non-target animals in marsh, bank and estuarine areas. The presence of copper products 
in the lotic environment, due to outflow from a lake or pond, may cause the destruction of 
aquatic plants that are favorable to the production of habitat for sunfish, minnows and 
bass. This may be a problem when copper sulfate or the commercial copper-complexes 
are applied continuously at low use rates for the control of algae or aquatic vascular 
plants. Most fish and invertebrate species that have been evaluated can tolerate chronic 
field exposure to copper sulfate and the tested commercial copper-complexes at 
concentrations up to 0.2 ppm Cu. However, it seems unlikely that pondweed and other 
vascular plant species native to Washington waters could withstand chronic exposure 
from copper sulfate or the commercial copper products at these levels. The subsequent 
habitat, with a low level of aquatic weed cover and a benthos consisting primarily of 
sand and gravel, may be more appropriate to the production of salmonids.  
 
The estuarine environment may be affected by the use of copper products and 
particularly copper sulfate. The more susceptible species of invertebrates are the brine 
shrimp (Artemia salina), Pacific oyster (Crassostrea gigas) embryos, euphausid shrimp 
(Euphausia pacifica), bivalve (Haliotis sp.), American lobster (Homarus americanus) 
adults and larvae, the hydromedusae (Phialidium sp.) and the euryhaline amphipod 
(Hyalella azteca). Fish species that may be susceptible include the spot (Leiostomus 
xanthurus), Atlantic silverside (Menidia menidia) and summer flounder (Paralichthys 
dentatus). These species may be impacted by concentrations of copper sulfate typically 
found in the field (0.025 to 0.062 ppm Cu). Even concentrations of free cupric copper 
(Cu2+) found in untreated marine/estuarine water (0.0001 to 0.004 ppm Cu) may 
adversely impact the more sensitive species of algae (Thalassiosira pseudonana and 
Nanochloris atomus), aquatic invertebrates (Artemia salina and Venerupis deussata) and 
fish (spot and Atlantic silverside). This is particularly true if the exposure is chronic. The 
commercial copper-complex (Cutrine®) appears to have low potenial impact on the 
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fiddler crab (Uca pugilator), blue shrimp (Penaeus stylirostris) and grass shrimp 
(Palemonetes pugio), which have LC50s of 156, 19 and 4.8 ppm Cu, respectively. The 
time-weighted average concentrations of Cutrine® that are likely to be encountered in 
the environment (typically much less than 1.0 ppm Cu) should not have adverse impact 
on the tested marine/estuarine invertebrate species.  
 
Failure to control emerged, floating, marginal and bank weeds can cause the native 
vegetation to be eliminated, producing dense monoculture stands of noxious and invasive 
weeds. This leads to the degradation of natural habitats and an economic burden for 
residents who must keep water flowing or navigable. 
 
Significant impact to non-target wetland environments is unlikely when copper products 
are correctly applied. There may be tendency for drift into other wetland environments or 
a flow of water into estuarine, palustrine, riparian, lentic or lotic environments. 
However, due to dilution effects as treated ponds, lakes, and canals normally flow into 
streams and rivers and ultimately into estuaries, it is not anticipated that the impact 
would be measurable. Nevertheless, drift of copper sulfate from areas treated with high 
rates of copper sulfate to control swimmers itch into untreated adjacent outlet streams 
has killed trout in at least one Wisconsin Lake. 

 
4.4.1 Estuarine (Intertidal) Environments 

 
Water from a stream or river containing copper may flow into an estuary. Dilution effects 
from the water already present in the estuary and diurnal tides should dilute copper to 
levels where it is not significant in the water column. However, since some estuaries 
contain considerable amounts of sediment, copper has the potential to build up in 
sediment where it may be stable for a long period of time. Large amounts copper (~2,000 
ppm Cu) can be bound to marine/estuarine sediment. However, these sediments could be 
regarded as inefficient ion exchange materials for copper ions, and the ready regeneration 
of much adsorbed copper suggests that copper is in a relatively labile form (Teggins and 
Slinn, 1985). Therefore, unless copper reacts with material such as sulfides to form 
insoluble compounds, the binding of copper to marine/estuarine sediment would not be 
expected to be a permanent process (although it may be a long-term process). For 
example, soluble copper has been detected in water at the head of the Fal Estuary 
(Cornwall, England) at concentrations ranging from 0.5 to 1.0 ppm Cu. These 
concentrations are likely due to copper being hydrolyzed from the estuarine sediment, 
which contains up to 3,000 ppm Cu. The situation at the Fal Estuary may be somewhat 
unusual. For example, copper levels in sediment and waters of the Arlington Ship Canal 
(Alabama) and Bridgeport Harbor (Connecticut) were much lower than at the Fal Estuary 
(Table 5B). Concentrations of copper in these estuarine sediments ranged from 33 to 49 
ppm Cu to 515 to 2,550 ppm Cu, respectively, and the dissolved copper concentrations in 
water at these estuarine sites range from 0.001 to 0.0027 ppm Cu to 0.0045 to 0.021 ppm 
Cu (ACP, 1999). As discussed above, natural marine/estuarine concentrations of free 
copper (Cu2+) at 0.0001 to 0.004 ppm Cu may cause adverse chronic impact to certain 
fish and even lower concentrations are known to cause adverse impact on brine shrimp 
and the clam [Venerupis dessuata (Engle and Sunda, 1979 and Browne, 1980)] and on 
the marine/estuarine phytoplankton [Thalassiosira pseudonana and Nanochloris atomus 
(Sunda and Guillard, 1976)].  
 
Bacteria do not degrade copper. However, they can degrade organic complexing agents 
that are typically found in the commercial copper-complexes such as K-Tea™. The 
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complexing agent TEA reached a maximum of 52% of the applied 14C-label at day 3 but 
dropped to 6% by 30 days after application. Forty percent of the applied K-Tea™ was 
mineralized to carbon dioxide in 30 days; smaller amounts of DEA and MEA were also 
present and DEA was rapidly degraded (Spare, 1996a). The complexing agent (EDA) 
from Komeen® also degraded under aerobic aquatic conditions and was primarily 
associated with fulvic acid, humic acid and humin; only 8% of this 14C-EDA was 
mineralized to carbon dioxide and the reminder (23%) was extractable intact from the 
sediment (Spare, 1996b). For K-Tea™ and Komeen®, the bulk of the copper was 
initially removed from the water column by adsorption to the sediment; ~64% and ~95% 
of the applied 14C-K-Tea™ and 14C-Komeen® were removed from the water column by 
sorption to sediment.  
 
For inorganic copper salts, the estuarine/marine/euryhaline organisms had LC50 or 
EC50s values that ranged from 0.0053 to 0.0115 ppm Cu for the Pacific oyster 
(Crassostrea gigas) embryos to 7.4 to 8.0 ppm Cu for the bivalve [Rangia cuneata 
(Tables 2, 19 and 23A)]. Other species that may be found in estuaries include Hyalella 
azteca (96-hour LC50 = 0.0656 ppm Cu), Mysidopsis sp. (96-hour LC50 = 0.141 to 
0.181ppm Cu), and the sheepshead minnow (96-hour LC50 = 0.280 ppm Cu). Other 
species of fish, may at times, be found in estuary environments. These species include the 
American eel (96-hour LC50 = 2.87-6.4 ppm Cu), Coho salmon (96-hour LC50 = 0.067 
ppm Cu), Chinook salmon (96-hour LC50 = 0.019 ppm Cu) and striped bass (96-hour 
LC50 = 0.025, 0.025 and 0.155 ppm for sac-fry, fingerlings and subadults, respectively). 
Estuarine shrimp and other small estuarine species are often tested for toxicity because of 
their importance in the aquatic food web, great abundance and sensitivity to pollution and 
pesticides.  
 
Some estuarine/marine species are more susceptible than the freshwater species. Mussel 
(Mytilis edulis) embryos (RQ = 8.3), Pacific oyster embryos (RQ = 6.2), summer 
flounder (Paralichthys dentatus) embryo (RQ = 1.0), hydromedusae [Phialidum sp. (RQ 
= 1.6)], bivalves [Mya arenaria and Haliotis sp. (RQ = 1.2 and 0.842)], eastern oyster 
[Crassostrea virginicus (RQ = 1.1)], American lobster (Homarus americanus) larvae 
(RQ = 1.0), copepod [Tisbe holthuriae (RQ = 0.563)], euphausid shrimp [Euphausia 
pacifica (RQ = 0.634)] and several species of annelid worms (RQ = 0.53) are classified 
as organisms at relatively high risk from the effects of inorganic copper salts. Other 
marine/estuarine species may be sensitive enough to classify inorganic copper salts as a 
restricted use herbicide. For example, winter flounder (Pseudopleuronectes americanus) 
embryo (RQ = 0.338), sheepshead minnow (RQ = 0.171), bivalve (Haliotis rufescens) 
embryos (RQ = 0.42), polychaete worms [Phyllodoce maculata and Nereis diversicolor 
(RQ = 0.40 and 0.16)], copepod [Labidocera scotti (RQ= 0.39 to 0.44)], arrow worm 
[Sagita hispida (RQ 0.37)], pocket shrimp ( RQ = 0.27), crab [Cancer magister (RQ = 
0.28)], copepod [Metridia pacifica (RQ = 0.33)], mussel (Mytilus edulis) adult (RQ = 
0.24) may be sensitive enough to classify the inorganic copper salts as restricted use 
herbicides.  
 
The commercial copper-complexes like Komeen® and Cutrine® are not normally highly 
toxic to fish or invertebrates that frequent the estuarine environment (Tables 18, 19 and 
23A). However, since Komeen® (LC50 = 0.076; RQ = 0.421) and Cutrine® or K-Tea™ 
(LC50 = 0.03 ppm Cu; RQ = ~13) are toxic to rainbow trout, they may also be toxic to 
sensitive salmon species that may be found in estuaries at certain times of year. While 
Komeen® (LC50 = 320 ppm Cu) is not toxic to striped bass at concentrations that will be 
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typically encountered in the environment, Cutrine® (LC50 = 0.01 to 0.1 ppm Cu; RQ = 
4.0 to 40) is apparently very toxic to this species. 

 
4.4.2 Palustrine (Marshy) Environments 
 

Extensive growth of rooted aquatic macrophytes may effectively dam a marsh and 
increase the depth of the palustrine system by several-fold. In this way, aquatic 
macrophytes assist in spreading waters onto the surrounding land to increase its fertility 
and provide additional areas for fish and amphibians to feed and spawn (Goldman & 
Horne, 1983). Even without flooding, these plants may have an effect on habitat 
suitability for wild birds, mammals and other terrestrial organisms. 
 
The dominant plants found in palustrine environments are emersed (emerged). While 
copper products do not significantly affect most emersed species, higher dosages (1.0 
ppm Cu) may adversely impact non-target plant species if the herbicidal spray contacts 
the foliage. Species that may be affected by exposure to copper sulfate include 
pondweeds (Potamogeton pectinatus and P. foliosus) and Hydrilla verticillata when 
copper sulfate is applied with diquat at rates ranging from 0.5 plus 0.5 ppm to 1.0 to 1.0 
ppm Cu (Triangle Brand® Copper Sulfate Crystals Label and Gangstad, 1978). All of the 
commercial copper-complexes (K-Tea™, Cutrine®, Clearigate®, Captain™. Komeen® 
and Nautique™) are known to control Hydrilla verticillata at dosages ranging from 0.4 to 
1.0 ppm Cu. The copper-EDA complexes like Komeen®, Nautique™ and the copper-
TEA complex (Clearigate®) suppress the growth of many vascular plants including 
Egeria densa, Elodea canadensis, Myriophyllum sp., Najas spp., Potamogeton spp., 
Lemna spp., Eichhornia crassipes and others. Hodson et al (1984) and Simonin and Skea 
(1977) have reported that Cutrine® plus diquat may suppress the growth of Hydrilla 
verticillata in certain water bodies and may also suppress the growth of other vascular 
plants (possibly Eleocharis acicularis and Najas minor). In addition to the target species 
(Myriophyllum spicatum and Hydrilla verticillata), Rodgers et al (1992) observed that 
mixtures of Komeen® plus diquat may also inhibit the growth of certain native species 
including Najas sp., Ceratophyllun demersum, Zizaniopsis milacea and Nelumbo lutea. 
Many of these native vascular plant species impair the use of reservoirs and other water 
bodies, but the degree of growth suppression caused by the use of the commercial 
copper-complexes is not clear. It is indicated in the Earthtec® (copper sulfate) label, that 
it may cause damage to endangered, threatened and sensitive non-target aquatic plants 
like solano grass and recommends that the EPA Bulletin specific to the use area be 
consulted before weed control is attempted. Consulting the EPA bulletin to ascertain 
what other endangered or threatened aquatic vascular plants may be impacted by the use 
of commercial copper herbicides is also advisable. As indicated above, many emersed 
plants may be adversely impacted by the use of commercial copper herbicides. In fact, 
laboratory studies indicate that a number of aquatic angiosperms like Potamogeton 
pectinatus, Vallisneria spiralis and Hydrilla verticillata may show senescence when 
exposed to copper sulfate pentahydrate at rates of 10-4 M (6.4 ppm Cu), 10-5 M (0.64 ppm 
Cu) and 10-2 M (640 ppm Cu), respectively (Jana and Choudhuri,1982). Floating and 
rooted submersed plants typically found in a palustrine environment may also be 
impacted by water that enters these areas from lakes and ponds. For example, continuous 
treatment of a water body with copper sulfate at standard use rates for the control of 
Potamogeton spp. and algae may result in that water body becoming devoid of aquatic 
plants (Hanson and Stefan, 1984). If rooted macrophytes are destroyed, there will be less 
tendency for the marsh to flood and therefore, potential habitat will be lost to fish and 
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amphibians. Also, if these plants are lost, and flooding does not occur, loss of suitable 
habitat for wild birds and mammals may occur.  

 
4.4.3 Riparian (Margin and Bank) Environments 
 

Copper products may be used to treat the submerged margins of lakes and ponds to 
eliminate weeds and algae that interfere with recreational use. K-Tea™, Cutrine®, 
Clearigate® and Nautique™ are also labeled for use in ditches, canals and laterals, and 
Triangle Brand® Copper Sulfate Crystals, Earthtec® Algicide/Bactericide and Captain™ 
may be used in irrigation conveyances. The copper products may be used for the control 
of algae and/or aquatic vascular plants in potable water sites for the control of algae 
providing that the maximum use rate does not exceed 1.0 ppm Cu.  Copper sulfate, K-
Tea™, Cutrine®, Clearigate® and Captain™ are used primarily for the control of algae, 
while Komeen®, and Nautique™ are used for the control of aquatic vascular plants. 
However, Clearigate® may also be used for the control of a variety of submersed and 
floating aquatic plants and copper sulfate may be used for the control of  sensitive 
pondweed species like Potamogeton pectinatus and P. foliosus. All of the liquid 
commercial copper-complexes (Komeen®, Nautique™, K-Tea™, Cutrine®, Clearigate® 
and Captain™) may also be used for the control of Hydrilla verticillata.  

 
As discussed before, Komeen® and Nautique™, may be applied directly to the water of 
ponds, lakes, rivers, reservoirs, crop and non-crop irrigation systems, fish, golf course, 
ornamental, swimming and fire ponds and aquaculture facilities, including fish and 
shrimp ponds for control of vascular aquatic weeds. The rates used can range from 0.5 to 
12 gallons formulation/acre, which can lead to typical concentrations of 0.5 to 1.0 ppm 
Cu (depending on rate of application and depth of water). Species of aquatic weeds which 
may be controlled by copper are discussed in Section 1.0. Specific labels should be 
consulted to determine if a particular product is appropriate for the control of a specific 
species of aquatic vascular plant. For the latest information on the use of copper products, 
the current labels and permits must be consulted.  
 
Copper sulfate products (Triangle Brand® Copper Sulfate Crystal and Earthtec®) may 
also be used for control of various non-aquatic plant agricultural pest species like fungus 
and bacteria in sewers, drains, animal confinement pits, feed lot run-off, lagoons, et 
cetera. Copper sulfate has historically been used to control snails (Hussain et al, 1996; 
Chu, 1976; Harman, 1978; Winger et al, 1984 and Vipradas et al, 1997). Copper sulfate is 
also used as a therapeutic agent for the control of the winter kill organism Saprolegniosis 
and other parasites in fish and shrimp farming facilities (Wellborn, 1969; Williams and 
Wooten, 1981, Bly et al, 1996; Griffin et al, 1997 and Hanks, 1976). Another invertebrate 
species that may be controlled in rice fields by copper sulfate is the tadpole shrimp (Tiops 
longicaudatus). However, as a fish and shrimp farming therapeutic agent or for the 
control of aquatic snails or pest shrimp, the application rate is usually higher (up to 10 
ppm copper sulfate = 2.5 ppm Cu) than concentrations typically used for the control of 
algae. Severe impact to fish and shrimp in farming situations and aquatic invertebrates is 
prevented by limiting contact to toxic concentrations of copper sulfate to a brief period of 
time or by using the product on those species of fish and shrimp that are naturally tolerant 
to copper sulfate. 
 
Some terrestrial uses of pesticidal products containing copper include the control of 
weeds, insects, fungi and other microbes. Anhydrous copper sulfate, copper sulfate 
pentahydrate and tribasic copper sulfate are registered for weed control. Copper sulfate 
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monohydrate, tribasic copper sulfate, anhydrous copper sulfate, copper sulfate 
pentahydrate, Bordeaux mixture, copper oxychloride sulfate and copper ammonium 
complex are registered for the control of fungi on crop plants, and copper sulfate 
pentahydrate and anhydrous copper sulfate are registered as antimicrobials for use on 
crop plants. Insect control (homopterans like aphids, psyllids, scales and mealy bugs) 
may be achieved with certain formulations of copper sulfate pentahydrate and anhydrous 
copper sulfate (EPA, 1985). 
 
Non-target plants and animals have the potential to be impacted by copper products as 
described in Sections 4.3.1, 4.3.2, 4.3.3. Please review these sections for information on 
copper's acute (Tables 2, 14, 15, 16, 17 18, 19, 23A, 24, 25 and 26) and chronic (Tables 
2, 20 and 21, and 23B), effects in non-target plants and animals. 

 
4.4.4 Other Wetland Environments 
 

Section 4.2.5 (Table 10) deals with the effects of irrigation water, nutrient solutions, 
sewage sludge fertilizers and soils that contain varying levels of copper. Most of the 
tested crop plants are not affected by water containing normal concentrations (up to 1.0 
ppm) of copper. Irrigation events can occur several times during the season when the 
concentration of copper is up to 1.0 ppm Cu without having unacceptable residue in the 
crop or adversely impacting growth (Gangstad, 1986). However, the more susceptible 
crop species may be affected if irrigation is very heavy and frequent throughout the 
growing season. Pratt (1973 in Demayo et al, 1982) has suggested that the maximum 
concentration of copper should not be higher than 0.2 ppm Cu if the irrigation water will 
be used continuously. Also, on copper-sensitive plants like vegetables and tobacco, the 
maximum copper concentration in irrigation water should not exceed 0.2 ppm Cu. 
However, where irrigation water is used to irrigate areas planted with crops that are less 
sensitive to copper (cereals), copper concentrations should not exceed 1.0 ppm. For short-
term use, this limit can be increased to 5.0 ppm Cu on less sensitive crops. Application of 
irrigation water that has been treated with copper sulfate at maximum continuous rates of 
up to 0.5 ppm Cu seems unlikely to adversely impact these less sensitive plants. This 
application rate cannot amount to an addition of more than about 0.1ppm copper per 
season to the top 6 inches of soil. Such a low level of copper addition would not be 
expected to be a hazard to crop production (Gangstad, 1986). The crops that were 
investigated included rape, barley, oats, lettuce, tomatoes, perennial rye grass, 
unspecified sensitive and non-sensitive plants, tobacco, red beets, snap beans, cucumbers, 
lettuce, cereal crops, legumes, crop plants, peas pods, and potatoes. Not all crops were 
irrigated with the highest rates of copper-containing water but were irrigated at 
concentrations believed to be the maximum that would typically be encountered in 
irrigation water (Demayo et al, 1982). While a certain level of copper is necessary in the 
soil in order to avoid crop deficiencies, most non-sensitive plants will exhibit toxicity at 
levels of 150 to 400 ppm in the soil and sensitive plants will demonstrate toxicity at 
levels of 25 to 50 ppm in the soil.  

 
4.4.4.1 Lentic Environment  
 

Potential impacts on lentic and lotic environments as to the chemical ecology were 
discussed in Section 4.2.3.1. Effects on the biota in these environments were discussed in 
Section 4.3. 
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4.4.4.2 Lotic Environment 
 

The lotic environment can be influenced by the presence of copper products in water 
from a lake or pond outlet. If copper is present at levels that control weeds and the outlet 
gate is closed, a type of habitat favorable to sunfish and amphibians will develop. If the 
outlet gate is open, another type of habitat more favorable to salmonids may develop. 
Also, if protracted (multi-season) contact with water containing copper at concentrations 
typically used to control aquatic weeds and algae occurs, a lake may eventually become 
devoid of aquatic plants and no longer have algal blooms (Hasler, 1947 in Hanson and 
Stefan, 1984). 

 
• Closed outlet gate or absence of copper 

 
If the outlet gate from a pond or lake to a river or stream remains closed, dense 
growths of rooted aquatic macrophytes may effectively dam rivers and streams and 
increase the depth of these lotic systems by several-fold. Similar effects may occur if 
the lake or pond is not treated with copper products. 

 
• Open outlet gate in presence of copper 
 

If water containing copper products that are effective in controlling aquatic vascular 
passes through the outlet gate of a lake or pond into a river or stream, the rooted 
aquatic macrophytes may be destroyed. This can have a substantial impact during the 
high water event. Normal spring high water flows, in absence of rooted aquatic 
macrophytes, can dig up and kill large numbers of benthic organisms while summer 
spates (uncommon in Washington) can completely denude streams of benthic biota. 
 
Most biota avoid spates either by migrating to calm backwaters or by having life 
cycles which are terrestrial or aerial at these times. However, when floods occur at 
unusual times, the fauna may be severely depleted and require several years to 
recover (Goldman & Horne, 1983). 
 
Larger organisms, like salmonids, normally choose to ascend rivers or streams during 
high water because there are fewer shallow water barriers. Severe floods are 
detrimental to smaller invertebrate biota if they leave only rocks and gravel. 
However, these increased water levels may improve fish migration by removing 
major obstacles. Adequate water levels can improve the environment for salmonid 
mating and egg survival by removing excessive silt. These benefits cannot occur if 
the lotic system has been dammed by aquatic weeds. 

 
4.5 UNCERTAINTY ANALYSIS  
 

Summary: The uncertainty analysis indicates that field studies with copper sulfate often 
do not reflect the risk analysis used to generate the label. However, field studies with the 
commercial copper-complexes more accurately reflect the risk analysis used to generate 
the label. Models that have been used since 1975 indicate that an acute risk quotient of 
<0.1 or a chronic risk quotient of <1.0 reflects the safety of the product to exposed 
aquatic animals under field situations. An acute risk quotient is generated by dividing the 
short-term predicted environmental concentration (short-term EEC) by the acute LC50 of 
the most sensitive aquatic species of concern. Providing a 10-fold safety factor will 
ensure that only 0.01 to 4% of the animals with similar sensitivity will be adversely 
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affected. Dividing the long-term EEC by the chronic MATC or chronic NOEC for the 
most sensitive species generates a chronic risk quotient. The MATC is the value that will 
be used if development, growth or reproductive effects are the end-points to be measured 
while the NOEC is used when mortality is the end-point. A safety factor is not necessary 
in chronic risk assessment since all animals with a similar sensitivity will not be affected 
by exposure to chronic EECs for the compound being evaluated.  
 
Copper sulfate applied at rates of 0.062 ppm Cu has potential adverse impact on about 
half (25) of the tested fish species (RQ = ~0.1 to 3.8). Copper sulfate applied at rates or 
0.062 ppm Cu also has potential adverse impact on about two thirds (50) of the aquatic 
invertebrates tested (RQ= ~0.1 to 21.5). Since the level of concern (0.1) for the short-
term risk quotient was exceeded in many species, both fish and invertebrate biota were 
determined to potentially be at risk. This risk was difficult to verify in the field because 
field mortality is strongly governed by a variety of water quality parameters including 
pH, hardness, alkalinity, concentration of inorganic and organic chelating agents as well 
as the type and amount of suspended and bed sediments present.  
 
In field tests conducted with both fish and invertebrates, the toxicity of copper sulfate was 
quite variable. The Maine Environmental Protection Agency (1976) found that the copper 
products are highly unpredictable in their ability to control algae and in their toxicity to 
fish. These unpredictable effects are borne out by field studies with copper sulfate. Smith, 
(1935) and de Zambrane found that the use of copper sulfate at standard rates for the 
control of algae (0.5 ppm = 0.125 ppm Cu) will virtually eliminate merolimnetic 
zooplankton and fish from either freshwater lakes (Lake Jesse, New York) or estuarine 
lakes (Lake Maracaibo, Venezuela). Salmonids appear to be very sensitive in freshwater 
lakes. However, rainbow trout have survived exposure to copper sulfate at 
concentrations of 0.125 ppm Cu although their growth rate was decreased (Majewski et 
al, 1978). At concentrations of copper sulfate (0.025 to 0.040 ppm Cu) similar to that 
used in our risk assumption in hard water, rainbow trout were not affected in hard water 
prairie pothole lakes. In outdoor ponds with 50/50 peat:sand bottom sediment, copper 
sulfate alone at 1.0 ppm Cu or copper sulfate plus diquat at 1.0 plus 1.0 ppm was not 
toxic to bluegill sunfish, largemouth bass or channel catfish for 8 weeks after treatment 
(Gangstad, 1978). Conversely, Serdar (1995) believes that copper sulfate applied at rates 
of 0.062 ppm Cu to soft water lakes (Sylvia Lake) will be toxic to most salmonid species 
since the concentration of copper in this lake and its outlet streams ranges above 0.030 
ppm Cu for at least 4 days and this concentration of copper is higher than those known to 
kill many species of salmon, trout or other sensitive species of fish in soft water.  
 
Similar field observations have been made with aquatic invertebrates exposed to copper 
sulfate. In some cases, concentrations similar to those used to control algae (1.0 to 1.7 
ppm Cu) may adversely impact invertebrates in the field. For example, Taub et al (1986) 
found that treatment with copper sulfate at 1.0 to 2.0 ppm Cu may eliminate Daphnia 
pulex for up to 60 days. However, treatment with 0.5 ppm Cu only increased the time 
necessary to develop the maximum population density. Similarly, Hawkins (1988) found 
that treatment of the Solomon Dam Reservoir (New Queensland, Australia) at 1.7 ppm 
Cu for the control of algae killed almost the entire invertebrate plankton population 
which included Ceriodaphnia cornuta, Moina micrura, Daphnosoma sarsi, Daphnia 
lumholtzi, Meocyclops notius and Brachionus calciferous. In other cases, careful 
application of copper sulfate at concentrations that would control 90% of the aquatic 
weeds allowed for a 10-fold margin of safety at the LC10 for invertebrate species like 
Cyclops, Daphnia and Tubifex. These species are important foodstuff organisms for 
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economically important fish species (Neururer, 1972). Even extremely high 
concentrations of copper sulfate (10 ppm = 2.5 ppm Cu) had varying effects on different 
species of aquatic invertebrate. For example, 10 ppm copper sulfate completely 
eliminates Simocephalus vetulus but only partial mortality was observed in Daphnia 
magna and Chironomids, while amphipods only experienced reduced growth but were 
not killed (Clement and Cadier, 1998).  
 
Commercial copper-complexes applied at rates of 0.5 ppm Cu have potential adverse 
impact on only a few of the more sensitive fish species. It is likely that Komeen® will not 
have adverse impact even on the more sensitive species in the biota if it is used as a 
restricted use herbicide. For example, Rodgers et al (1992) and Bain and Boltz (1992) 
observed that treatment of the Guntersville Reservoir (Alabama) at rates of Komeen® 
plus diquat of 0.3 plus 0.3 ppm or 0.4 plus 0.4 ppm were not likely to have significant 
impact on non-target fish or invertebrates. However, Finlayson (1980) stated that 
“…when salmonids are present the use of Komeen® for Hydrilla control without 
extensive fish losses is questionable”. Komeen® has not been tested extensively in the 
laboratory on invertebrate species.  
 
Cutrine® and Copper Control® is the only commercial copper complex that has been 
tested extensively on fish and invertebrates under both the laboratory and field 
conditions. Cutrine® appears to be toxic to sensitive species of fish in soft water. For 
example, the LC50 of Cutrine® on rainbow trout, striped bass and channel catfish is 
0.03, 0.01 to 0.1 and 0.051 ppm Cu, with risk quotients or 13.3, 4.0 to 40.0 and 7.8 (< 50 
ppm Cu CO3). Since these risk quotients are above the high level of concern (0.5) for 
short-term exposure, it appears that the fish biota will be at acute risk from exposure to 
Cutrine® at standard use rates (0.5 ppm Cu when the time-weighted EEC = 0.4 ppm Cu). 
Other species of fish may also be at risk from the exposure to Cutrine®. However, these 
less susceptible species may be spared if Cutrine® is used as a restricted use herbicide. 
None of the invertebrate species tested with Cutrine® is highly susceptible to its toxic 
effects. The most sensitive invertebrate species is the grass shrimp with an LC50 of 4.8 
ppm Cu and a risk quotient of 0.17. This risk quotient does not significantly exceed the 
low level of concern (0.1). Therefore, it seems unlikely that Cutrine® will adversely 
impact aquatic invertebrates during a short-term exposure. Field studies (Franklin, 
Wisconsin) indicate that Cutrine® plus diquat at high use rates (2.2 plus 3.0 ppm) will 
kill all of the fish exposed when applied to control algae and watermilfoil (Myriophylum 
exalbescens). Simonin and Skea (1977) have also noted that susceptible fish like brown 
trout are not likely to survive typical field treatment rates of Cutrine® plus diquat at 
rates of 0.093 ppm Cu plus 0.245 ppm c.e. or 0.28 ppm Cu plus 0.735 ppm c.e. However, 
sensitive fish are likely to survive lower rates like 0.0093 ppm Cu plus 0.221 ppm c.e. or 
0.028 ppm Cu plus 0.66 ppm c.e. However, applications of Cutrine® alone at 2.0 ppm or 
Cutrine® plus diquat plus Aquathol® at 2.0 plus 1.5 plus 1.5 ppm do not cause fish-kills. 
Other limited laboratory and field data indicates that fingerling fish like Labeo rohita 
and Cirrhina mrigala will survive exposure to Cutrine® at rates up to 10 ppm formulation 
equivalence and that zooplankton like Brachionus and Cyclops are unlikely to be affected 
by Cutrine® at rates of 2.0 ppm formulation equivalence (Patnaik et al, 1980). 
Furthermore, Winger et al (1984) in field work with the apple snail (Pomacea paludosa) 
concluded that applications of Cutrine® plus diquat to control Hydrilla verticillata at 
rates of 6 gallons Cutrine®-plus plus 2 gallons of diquat per surface acre probably poses 
no threat to apple snails in the organically rich waters of southern Florida. 
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Many chronic tests have been conducted with copper sulfate. No chronic tests have been 
conducted with the commercial copper-complexes. However, since copper is rapidly 
dissipated, some authors (most notably, Lenwood Hall – Personal communications, 
2001) feel that chronic exposure is not likely. Nevertheless, the chronic risk quotient 
based on MATCs and NOEC exceeds the level of concern (1.0) for fathead minnow 
(MATC = 0.012 ppm Cu; RQ = 2.9) and rainbow trout (MATC = <0.001 ppm Cu; RQ = 
>2.0). Other environmentally relevant species of fish that were tested do not appear to be 
at risk from the chronic exposure to copper sulfate when the application rate is 0.062 
ppm Cu to either soft or hard water. Therefore, a fish species that is as sensitive or more 
sensitive than those discussed above is likely to be adversely impacted by chronic 
exposure to copper sulfate when the application rate is only 0.062 ppm Cu, particularly if 
exposure occurs in soft water. Based on an estimate of MATC or NOEC from the acute 
LC50/(acute/chronic ratio) other environmentally relevant species may be affected by 
chronic exposure to copper sulfate. These species include cutthroat trout, steelhead trout, 
striped bass, summer flounder and winter flounder. Based on this same conjecture, it 
seems unlikely that fish will be adversely impacted from the long-term exposure to 
Komeen® (predicted MATC = 0.009 ppm to 66 ppm Cu and RQ = 0.0001 to 0.5) due to 
treatment rates of 0.5 ppm Cu. However, because K-Tea™, Cutrine® and Copper 
Control® have a much longer half-life (6.0 days) than Komeen® (~0.18 days), these 
copper-TEA products may adversely impact sensitive fish species when they are exposed 
to initial treatment rates of 0.5 ppm Cu.  Species of special concern are those that are as 
sensitive or more sensitive than rainbow trout, striped bass, or channel catfish.  
 
Several species of aquatic invertebrates may also be adversely impacted by exposure to 
copper sulfate including the clam [Venerupis deussata (MATC = 0.0007 ppm Cu, RQ = 
24.3)], Ceriodaphnia dubia (MATC = 0.0045 ppm; RQ = 6.4) and Gammarus 
pseudolimnaeus (MATC = 0.0036 ppm Cu; RQ = 2.2). The chronic risk quotient for these 
species exceeds the level of concern (1.0). Therefore, it is likely that these species, and 
members of the aquatic invertebrate biota that are more sensitive than these species, will 
be adversely impacted by exposure to copper sulfate at initial treatment rates of 0.062 
ppm Cu or higher in soft water. Other species that may be effected, based on their 
estimated MATC (acute LC50/(acute/chronic toxicity ratio), include various water fleas 
(Daphnia spp.), various bivalves including Mytilus edulis, Pacific oyster (Crassostrea 
gigas), decapod (Oncorhynatus susticus), and various Gammarus spp. However, since the 
long- term risk from copper sulfate exposure to these species was just estimated based on 
their acute LC50 and acute/chronic toxicity ratio, the true risk is unknown. Although the 
long-term risk from exposure to Cutrine® was estimated based on similar conjecture, 
these estimated risk quotients indicate that it is unlikely that long-term exposure of 
aquatic invertebrates to Cutrine® is likely to produce an adverse impact. 
 
Tests designed to mimic field tests indicate that copper sulfate may have long-term 
impact on the more sensitive fish species. It was found that exposure of embryos of brown 
trout, rainbow trout, lake trout, white sucker, herring and smallmouth bass to 
concentrations ranging from 0.0317 to 0.043 ppm Cu caused a reduction in the standing 
crop of fish larvae. However, to produce the same effect in embryos of Northern pike 
requires an exposure of 0.1041 ppm Cu. These concentrations are higher than those that 
fish will typically encounter due to long- term exposure to copper sulfate (0.0064 to 0.017 
ppm Cu). Very low concentrations (0.0013 to 0.0339 ppm Cu) of labile copper found in 
cooling water impoundments of the H.B Robinson power generating plant reduced larval 
fish populations and produced a higher incidence of structural deformities in bluegill 
sunfish collected from 1976 to 1978 (Harrison, 1985). These concentrations are similar 

Supplemental Environmental Impact Statement Assessments of Aquatic Herbicides: 
DRAFT Volume 6 – Copper, Section 4 – ENVIRONMENTAL EFFECTS 

Vol. 6, Sect. 4 – Page 206 



 

to those that are predicted to cause significant chronic impact based on the observation 
that the chronic risk quotients in sensitive species are greater than the long-term level of 
concern (1.0) estimated to cause chronic impact after treatment of a water body with 
0.062 ppm Cu as copper sulfate (28-day time-weighted 0.0064 to 0.017 ppm Cu). Long-
term field exposure to Komeen® plus diquat at rates ranging from 0.3 plus 0.3 to 0.4 plus 
0.4 ppm indicates that fish are not adversely impacted (Rodgers et al, 1992 and Bain and 
Boltz, 1992). Largemouth bass were unaffected in the field with regards to abundance, 
size structure, condition or movement after treatment of the Guntersville reservoir at 
rates of 0.3 plus 0.3 ppm (Komeen® plus diquat).  While acute field studies have been 
conducted with Cutrine® plus diquat which indicated adverse impact when this mixture 
was used at high dosages, no chronic field studies have been conducted on fish with this 
mixture. 
 
Because field treatment levels of copper sulfate at 0.5 ppm Cu retarded the development 
of maximal populations of Daphnia pulex for at least 10 to 20 days, it is likely that 
reproductive effects occur when this species is exposed to copper sulfate in the field. At 
higher treatment rates (1.0 to 2.5 ppm Cu), Daphnia pulex and Simocephalus vetulus 
may not be able to recover unless the treated water body is newly inoculated after the 
concentration of copper falls below the threshold level (Taub et al, 1986 and Clement 
and Cadier, 1998). For a similar Daphnid species (Daphnia magna), Biesinger and 
Christensen (1972) have determined that this threshold level is 0.022 ppm Cu. At this 
concentration, exposed populations of Daphnia magna should be safe from the chronic 
effects of copper. Although relatively high levels of copper sulfate (1.7 ppm) may destroy 
invertebrate populations, recovery appears to be rapid with rotifers like Brachionus 
calciferous reappearing in the Solomon Dam Reservoir 14 days after treatment and 
copepods like Meocylcops notius and various cladoceran species (Ceriodaphnia cornuta, 
Moina micrura, Daphnosoma sarsi and Daphnia lumholtzi) displacing the pioneer 
rotifers after 1 month. No field studies were done to determine the chronic effects of the 
commercial copper-complexes on aquatic invertebrates  
 
Fish-kill and changes in numbers and species diversity were seen in field studies where 
copper products were used to control algae and/or aquatic vascular plants. In the 
Fairmont Lakes (Minnesota), the numbers and species distribution changed after 7 years 
of multiple and heavy seasonal treatments of the lake with copper sulfate. Changes in 
both total numbers, number of species and dominant species of aquatic invertebrate 
occurred in Lake Steilacoom (Washington) and the Fairmont Lakes during 25 to ~60 
years of treatment with copper sulfate (Bennett and Cubbage, 1992 and Hanson and 
Stefan, 1984). Direct toxicity effects are partly responsible for these changes. However, 
secondary effects like decreases in dissolved oxygen content may be at least partially 
responsible for fish-kills that have occurred after heavy and/or whole water body 
treatments with copper sulfate or Cutrine ® plus diquat (EPA, 1985; Daniel, 1972; 
Hanson and Stefan, 1984 and Wisconsin Department of Natural Resources, 1990). 
Reduction in dissolved oxygen levels after treatment with copper sulfate is a great 
problem and is primarily due to the decomposition of dead and dying algae (Whitaker et 
al, 197; EPA, 1985 and Williams et al, 1982). Both the direct toxic effects of copper 
sulfate and the deoxygenation of the treated water column may be responsible for killing 
organisms that are important to the food web (Severin-Reyssac, 1990). Furthermore, 
while chronic risk quotients of <1.0 for copper products generally predict chronic safety 
to most environmentally relevant fish species, a few of the more important species 
including striped bass, cutthroat trout, Chinook salmon, Coho salmon, rainbow trout and 
fathead minnow may be adversely impacted by long-term exposure to copper sulfate or 
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the copper-TEA complexes (K-Tea™, Cutrine®, Clearigate®, Captain™ or Copper 
Control®) but not the copper-EDA complexes (Komeen® or Nautique™). However, 
accurate prediction of chronic safety, or lack of safety, for free-swimming and benthic 
aquatic invertebrates from exposure to treated sediment is not possible without an 
understanding of bioavailability factors that could mitigate the toxic effects of copper 
sorbed to sediment. These factors could include maximum binding capacity of the 
sediment, bioavailability and deactivation by reaction with inorganic, and organic 
chelating agents and sulfides (Brown et al, 1974; Demayo et al, 1982 and Teggins and 
Slinn, 1985).  
 
The assumptions of risk analysis contain specific safety factors that are discussed by 
Urban and Cook (1986). The model discussed by Urban and Cook has been used since 
1975 and was designed to provide a safety factor that would allow for differential 
variability and sensitivity among fish and wildlife species. 
 
It was assumed that the slope of the dose response curve for the effects of a pesticide on 
most fish and wildlife species would be unknown. Since it is impossible to test every 
non-target-species that might be exposed, the following factors influence whether a 
correct risk management decision will be made:  
 
1) Does the model predict risk so that the biota will be protected? Statistical analysis of 

the effects of slope on estimating the acute LC50 indicates that an expected 
environmental concentration (EEC) value 10-times less than the acute LC50 would 
lead to 0.01 to 4% mortality.  

 
2) Terrestrial organisms are believed to be less susceptible to environmental assault than 

aquatic species. Therefore, a less stringent EEC is used to designate unacceptable risk 
in these species. The less stringent EEC is 5-times less than the acute LC50 or LD50, 
which would lead to field mortality of approximately 10%, is used as a level of 
unacceptable risk in birds and mammals. The higher safety factor (listed in item 1) is 
believed to be necessary since aquatic organisms are less likely to be able to limit 
their exposure through behavioral modifications such as moving out of the treated 
area or switching to an alternative food source. 

 
3) Larger safety factors are warranted for the protection of threatened and endangered 

species where a factor of 10-fold is insufficient to protect that segment of the biota. 
For example, in cases where no mortality is acceptable, an EEC of 20-times less than 
the acute LC50 should be sufficient to ensure protection of endangered aquatic 
species in which even a single death is of special concern. 

 
4) For chronic effects, an EEC equal to the maximum allowable toxic concentration 

(MATC) or no observed effect level (NOEL) is believed to be sufficient to reduce 
risk to a minimum level. Statistical analysis indicates that if the EEC is less than the 
MATC or NOEC there is a 95% probability that no adverse impact to long-term 
survival, growth or reproduction will occur. 

 
5) The above precautions will adequately protect any species that are acutely exposed to 

residues 10 times lower than its LC50. However, to protect the entire biota or a 
segment of the biota, the acute EEC must be 10 times lower than the LC50, and the 
chronic EEC must be less than the chronic MATC for the most sensitive species 
needing protection.  
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The above criteria are considered rough estimates of potential risk to non-target 
organisms. The model used for ecological risk assessment does not provide a mechanism 
for estimating absolute uncertainty or an unchangeable probability of safety to the biota.  
 
If the tested species are representative of the biota and are sufficient in number, 
uncertainty can be reduced to a minimum. With very few exceptions, copper sulfate 
herbicide is ranked as being very highly toxic to highly toxic to most environmentally 
relevant fish and invertebrate species. However, the commercial copper-complexes like 
Komeen®, Nautique™, K-Tea™, Cutrine®, Clearigate® or Captain™ are much less 
toxic to fish and aquatic invertebrates. It seems likely that Komeen® and Nautique™ 
would be classified as moderately toxic to practically non-toxic to most species of fish 
and aquatic invertebrates. However, these copper-EDA complexes are likely to be highly 
toxic to salmonids and “… when salmonids are present the use of Komeen® for Hydrilla 
control without extensive fish losses is questionable” (Finlayson, 1980). 
 
Most invertebrates do not appear to be more highly affected than fish by copper sulfate or 
the commercial copper-complexes. However, water fleas (Ceriodaphnia dubia, Daphnia 
hyalina, D. magna, and D. pulex) as well as scuds (Gammarus spp.), certain bivalves 
(Mytilis edulis Crassostrea spp., Corbicula spp.) and snails (Physa spp. and Limnaea 
spp.) are very susceptible to poisoning from copper sulfate. Copper sulfate has 
historically been used to control pest species of snail and shrimp, for the purposes of 
vector control, and removal of snails and pest shrimp species from fish and shrimp 
farming operations. Not all aquatic invertebrate species have a similar response to copper 
sulfate. For example, Ceriodaphnia dubia and Daphnia spp. are very sensitive to copper 
sulfate (LC50 = 0.0027 to 0.023 ppm Cu). Other groups like copepods, branchiopods, 
decapods, polychaete worms and insects appear to be more than 5 to 10 to >1,000-fold 
more tolerant to copper sulfate than the aforementioned species (LC50 = 0.08 to 9.3 ppm 
Cu.). Copper sulfate has been tested with at least 50 species of fish and 70 species of 
invertebrates. Such a relatively large database provides confidence that risk assessment 
and risk management decisions will be adequate for protection of the more sensitive 
species in the biota. Nevertheless, a number of these fish species (~5) and invertebrate 
species (~21) may not be relevant to this assessment since they are estuarine or marine 
species. However, since these estuarine and marine species are often more sensitive than 
their freshwater equivalents, additional sensitivity may be added to the risk assessment 
through their inclusion. Also, a number of these marine species including the clam 
(Venerupis deussata), brine shrimp (Artemia salina), spot (Leistomus xanthurus) and 
Atlantic silverside (Menidia menidia) are chronically sensitive to naturally occurring 
marine and estuarine water cupric copper at concentrations of 0.0001 and 0.004 ppm Cu. 
 
Observations of fish or invertebrate-kills due to the effects of copper have been rare. 
Most cases of fish or invertebrate-kills have been due to anaerobiosis caused by rotting, 
dead and dying vegetation (Frank, 1972). In some cases where death of sensitive species 
like zooplankton or sensitive fish occurred, the adverse impact may be due to changes in 
available foodstuff like changes in common species of algae that are present or a change 
in the species of invertebrates that are important to the food chain. Invertebrate species 
that are believed to be important in maintaining the food chain for fish include Cyclops 
spp., Daphnia, spp., Tubifex spp., Gammarus spp., Gastropods and Chironomus spp. 
(Neururer, 1972 and Severin-Reyssac, 1990). Some species may not be able to readily 
switch to different food sources if their preferred food source is not available. However, 
this is unusual and Demayo et al (1982) and McIntosh and Kevern (1979) found that one 
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of the secondary effects seen when a water body is treated with copper sulfate is that fish 
will switch to other invertebrate foodstuffs if their preferred food stock is eliminated. For 
example, stomach analysis indicated that green sunfish shifted to alternate food sources 
when cladocerans disappeared from ponds treated with high concentrations (3.0 ppm Cu) 
of copper sulfate.  
 
The fact that copper sulfate appears to cause adverse impact to approximately half of the 
fish species and two-thirds of the invertebrate species is of great concern to risk 
managers. The commercial copper-complexes are much less toxic to both fish and 
aquatic invertebrates. Commercial copper-complexes typically affect less than 10% of the 
test species when used at rates up to 0.5 ppm Cu. Therefore, if it is necessary to use a 
copper-containing herbicide, the commercial copper-complexes (Komeen®, Nautique™, 
K-Tea™, Cutrine®, Clearigate® or Captain™) would be preferred over copper sulfate 
due to the lower toxicity of the commercial copper-complexes to fish and invertebrates. 
There is some disagreement on whether copper products can be used safely in the field 
for the control of algae and aquatic vascular plants. For example, Masuda and Boyd 
(1983) believe that copper sulfate or the commercial copper-complexes can be used 
safely, providing that the copper concentration in molar equivalence is not greater than 
1% of the alkalinity that is found in the water. However, de Zambrane (1979) and 
Severin-Reyssac (1990) have noted that copper sulfate may not be the best choice for 
control of algae in eutrophic lakes. The State of Maine Environmental Protection Agency 
(1976) also recommended that the use of copper products for the control of algae and 
aquatic vascular weeds be discontinued because they are not effective in long-term 
control of the target species and often fail in short-term control. Furthermore, the toxicity 
of copper products is unpredictable and they may be toxic to the most sensitive fish 
species at 0.002 ppm Cu but not toxic to less sensitive fish species at concentrations up to 
2,000 ppm Cu. It is difficult to predict the field toxicity of copper products from their 
laboratory toxicity. The toxicity of copper products in the field can be strongly affected 
by the fish species, age of the fish, the dissolved oxygen concentration, temperature, 
lentic or lotic environment, amount of organic matter present, the amount of carbonate 
present due to calcium carbonate (CaCO3) hardness and alkalinity and the apparent 
copper-complexing capacity due to the presence of inorganic and natural organic 
chelating agents.  
 
Therefore, the following general statements can be made concerning the uncertainty in 
risk assessment when copper products are used to control algae or aquatic vascular 
weeds: 1) The amount of total or soluble copper present in a natural surface water cannot 
be used to describe the toxicity attributable to copper since the values obtained will 
overestimate the concentrations of the toxic species of copper [Cu2+, CuOH+, ,Cu(OH)2 
and possibly Cu2(OH)2] and will therefore, be erroneous; 2) “Because of the variable 
degree and nature of copper-complexing which will occur when raw surface waters are 
used for dilution purposes in toxicity tests, such tests cannot serve to define the ‘true’ 
toxicity of copper (which will often be grossly underestimated) nor have application to 
waters other than those being used, unless information is obtained on the concentrations 
at which the toxic species of copper are present” (Brown et al, 1974). 
 

4.6 ADDITIONAL INFORMATION NEEDS  
 

Summary: The effects of post-treatment plantings of native aquatic plants needs to be 
investigated to determine if this is a practical approach to re-vegetation after copper 
sulfate and the commercial copper-complexes are used to control or suppress the growth 
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of a variety of aquatic vascular plants. Very little work has been done on transplanting 
aquatic plants to areas that have previously been treated with copper products. Cutrine® 
plus diquat, Cutrine® plus endothelia and Cutrine® plus diquat plus endothall have been 
used to control algae and watermilfoil (Myriophyllum exalbescens). While the 
transplanting of native plant species does not appear to have been tried after this 
combination of products was used, Myriophyllum exalbescens was transplanted in 
outdoor microcosms 268 days after treatment. From these watermilfoil transplants only 
small success was achieved. However, in artificial laboratory lake impoundments 
watermilfoil transplants grew successfully (Daniel, 1972). Copper is required at low 
levels for terrestrial plants to adequately grow. For example, 0.02 to 0.04 ppm Cu is 
needed in the soil water interface for tobacco to grow successfully. A copper 
concentration of at least 30 ppm is required in soil for cereal crops to avoid copper 
deficiency and at soil concentrations of 4 ppm, legumes exhibited symptoms of copper 
deficiency. In non-sensitive plants like snap beans and cucumbers, soil copper 
concentrations could be up to 70 ppm Cu without having effects on yield. However, in 
sensitive plants like tobacco, as little as 0.1 to 0.3 ppm Cu in the soil water interface 
caused toxic signs to be exhibited. Furthermore, in red beets, celery, snap bean and 
cucumbers, the soil threshold for yield decreased when copper was present was 80 to145, 
14.5, 15 to 220 and 200 ppm Cu (Demayo et al, 1982). In a general review article, Frank 
(1972) recommended the planting of non-noxious and non-invasive native aquatic plants 
after the elimination of exotic noxious and invasive plants. However, some scientists have 
found efforts to re-establish native plant species are often unsuccessful. Frank indicated 
that such plantings would be competitive with the faster growing exotics once they have 
been eliminated. These native species can serve as both food and habitat for waterfowl, 
fish food organisms and fish. Nevertheless, native species are not always desirable and 
spiny naids (Najas major), southern naid (N. guadalupensis), muskgrass (Chara 
zeylandica), coontail (Ceryatophyllum demersum), giant cutgrass (Zizaniopsis milacea), 
American lotus (Nelumbo lutea) and several species of Potamogeton pondweeds have 
impaired the use of Tennessee Valley Authority (TVA) reservoirs and presumably native 
plants will impair the beneficial use of other waterways in which they are found (Rodgers 
et al, 1992). Further investigations with varying treatment rates and conditions should be 
conducted to determine which rates and conditions cause the greatest destruction of 
watermilfoil and the least damage to native aquatic plants. 
 
Further investigations need to be conducted to determine what levels of copper are safe 
to sensitive, threatened and endangered species (particularly salmon and sea-run trout). 
Additional studies emphasizing species indigenous to the Northwest should be conducted 
so that risk due to exposure can be managed more effectively. Although an extensive 
laboratory database on the toxicity of copper sulfate to endangered salmonids and other 
anadromous fish currently exits, toxicity data with the commercial copper-complexes is 
largely confined to rainbow trout. To get a true picture of the toxicity of the copper 
sulfate and the commercial copper-complexes, tests with these products need to be 
conducted in water from a variety of natural pristine and contaminated waterways. 
Benthic organisms are of particular concern since regulators, registrants, the applicator 
community and the general public have recently expressed great concern over this issue. 
Furthermore, benthic organisms are adversely impacted in natural waterways. This is 
evident by their decreased numbers, decreased diversity and change in dominant species 
when copper sulfate has been used extensively. 
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4.6.1 Soil and Sediment 

The concentrations of copper in sediment, after application of copper sulfate for the 
control of algae and Potamogeton pondweeds, has been investigated. There have also 
been several laboratory studies conducted to determine the environmental fate of 
Komeen® (Cu-EDA) and K-Tea™ (Cu-TEA). However, extensive field data for copper 
in sediment after treatment with the commercial copper-complexes does not exist.  

Copper increases in the sediment of lentic water bodies. Copper can increase to very high 
levels after long-term treatment with typical rates of copper sulfate. For example, in the 
Fairmont Lakes (Minnesota), the concentration of copper on sediment has increased to 
levels ranging from 170 to 5,600 ppm Cu after treatment with copper sulfate at rates of 
0.15 to 1.5 ppm (0.0375 to 0.375 ppm Cu) for 58 years. It is unclear why copper 
accumulated in Budd Lake and George Lake (5,600 and 2,000 ppm Cu, respectively) at 
much higher levels than in Sisseton Lake, Hall Lake or Amber Lake (1,000, 1,200 and 
170 ppm Cu). However, similar lakes (Wilmert, South Silver and North Silver Lake), 
which had rarely, if ever, been treated with copper sulfate, never accumulated copper at 
high concentrations (22, 19 and 47 ppm Cu, respectively). Therefore, it is likely that the 
rate of copper accumulation would be influenced by both the treatment rate and the 
sediment type that occurs in these lakes. Although Budd Lake, which has highly 
contaminated sediment, had a very low benthic species density (0/meter2) and low 
species diversity (0). Amber Lake, which had sediment that was much less contaminated 
by copper, had a benthic organism species density and diversity that was also zero. 
However, even lakes which have never been treated with copper sulfate may have 
sediment species densities and diversity that are zero, but other lakes with a similar 
treatment history and sediment copper concentrations (like North Silver Lake) may have 
relatively high benthic organism counts (291 animals/ meter2) and species diversity 
(Hanson and Stefan, 1984). Dave (1992) and Bennett and Cubbage (1992) found it is 
difficult to know why a given lake may have a low or high benthic organism count or low 
or high benthic species diversity. Even when the copper concentration is low (16 to 84 
ppm Cu) in many lakes, the level of other heavy metals (mercury, lead or zinc), 
unidentified volatile compounds or toxic-reducing agents like hydrogen sulfide (H2S) 
may be present in the sediment at high enough concentrations to cause toxicity to benthic 
organisms. Water and sediment quality impairments may or may not be due to the 
concentrations of copper that are found. Often field tests “cannot determine the actual 
cause of impairment. Therefore, the degree to which the addition of copper in relation to 
other potential pollutants, has influenced the benthic community … could not be 
determined from available data” (Bennett and Cubbage, 1992). Impairment of water and 
sediment quality is often due to metal poisoning from man-made sources other than algae 
and aquatic vascular plant control. It is well known that anthropogenic sources and 
natural weathering release tremendous amounts of copper to the environment every year. 
In fact, natural weathering releases more copper to the environment each year than all 
other sources of copper pollution combined (Demayo et al, 1982 and Harrison, 1986). 
The concentration of copper in sediment near various industrial sites can vary 
dramatically. For example, copper concentrations range from 1.0 to ~8,000 ppm, 40 to 
~2,400 ppm and ~1,100 to ~7,700 ppm Cu near hydroelectric impoundments, mine 
drainage areas and copper mine tailings, respectively. In addition, copper concentrations 
downstream from copper smelting operations have been as high as ~18, 000 ppm Cu. 
Levels of copper in sediment located near other sites of human activity may not be much 
higher than expected at locations that are not impacted strongly by human activity (20 to 
50 ppm Cu). For example, near urban run-off areas, copper concentrations are typically 
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around 10 ppm Cu and upstream from mining activities, copper concentrations are 
typically around 20 ppm Cu. However, in areas where copper sulfate is being used as an 
algaecide, sediment copper concentrations typically range from 50 to ~700 ppm Cu but 
can be much higher (>5,600 ppm Cu).  

Sediment adsorbs and retains elemental copper and copper from copper-complexes 
readily. Typical Kd values for copper in a variety of situations is quite high. For example, 
the Kd of copper collected at power stations adjacent to freshwater ecosystems ranged 
from 1,000 to 5,000 L/Kg. Also, the Kd of copper in marine sediments near nuclear 
power stations ranged from 50 to 570 L/Kg and the Kd of copper on sediments located 
near power stations located on an estuary ranged for 250 to 48,000 L/Kg (Harrison, 
1986). Reinert and Rodgers (1987) indicate that copper is highly sorptive to soil and 
sediment and that sorption to soil/sediment is a major fate process for the removal of 
copper from the water column. The main mechanisms for removing copper from the 
water column include sediment sorption and export from the system. “However, sorption 
does not remove Cu from the system; the copper has merely been moved from the 
aqueous phase to the sediment phase and will remain in the system indefinitely” (Reinert 
and Rodgers, 1987). In lentic field systems, copper is strongly adsorbed and does not 
readily desorb. Copper in surface sediment can only be decreased with time by being 
covered with fresh sediment transported from areas where copper sulfate or commercial 
copper-complexes are not typically used (Sanchez and Lee, 1978) or removed by 
dredging (Hanson and Stefan, 1984). For example, after 50 years of treating Lake 
Monona (Wisconsin) to control excessive algal growth, the concentrations of copper in 
the surface sediment were as high as 600 ppm Cu. However, after 2 years of no treatment 
during the 1969 and 1970 seasons, the copper concentrations in surface sediment 
decreased to ~250 ppm Cu.  Furthermore, even though this copper concentration was still 
higher than the Ontario Provincial Government’s severe affect level, it is probably low 
enough (in this case) so that fish and benthic organisms will not be affected. Whether 
copper is toxic on a particular sediment depends greatly on the amount and kind of 
sediment present. For example, Huggettt et al (1999) noted that Deaver and Rodgers 
(1996) found a copper LC50 of 15.9 ppm Cu on Hyalella azteca when the sediment was 
>95% sand, had a high redox potential (+125 mV) and a low organic carbon content 
(0.02%). However, Suedel et al (1996) found that H. azteca was much less susceptible 
(LC50 = 262 ppm Cu) in sediments containing a high silt fraction (80%), a much lower 
redox potential (+4.0 mV) and a high organic carbon content (1.7%). Further research in 
this area would help define the concentrations of copper that can be tolerated by various 
benthic organisms when specific types and quantities of sediment are present. Treatment 
with copper may or may not effect sediment organisms depending on whether sediment is 
present, physical properties of the sediment when it is present and the species complex 
that is present when treatment occurs. For example, Hoess et al (1977) found that the 
nematode (Caenorhabditis elegans) was most susceptible to copper sulfate in water when 
no sediment was present. However, if artificial sediment with a large particle size and 
low organic carbon content was present, the LOEC was 11.3 ppm Cu; and if natural 
sediment with a finer particle size and greater organic matter content was present, the 
NOEC and LOEC were both >63.5 ppm Cu.  Furthermore, Harman (1978) found that 
treatment with copper sulfate plus diquat dibromide at standard use rates cause the 
benthic mollusc fauna in Moraine Lake (New York) to become much different from lakes 
that have never been treated with heavy dosages of copper sulfate. Bacteria are not 
normally affected by the presence of copper in the sediment. Concentrations of 20 to 
1,000 ppm Cu appeared to have no effect on methanogenesis, carbon mineralization, 
acetylene reduction, phosphatase or dehdrogenase activities. However, sediment copper 
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concentrations (1,000 ppm Cu) inhibited phosphates activity (Isolda and Hayakasaka, 
1991). A number of free-swimming invertebrate species and more tolerant species of 
sediment-dwelling invertebrates do not appear to be affected by the presence of high 
concentrations of copper in whole sediment. However, many species that are pollution 
intolerant will probably be affected by even fairly low copper sediment concentrations. 
For example, tolerant species in direct contact with the sediment, like the bloodworm 
(Tendipes plumosus), fingernail clam (Pisidium idahoense), chironomid (Chironmus 
tentans) and oligochaete (Bothrioneurum vejdovskyanum) may survive exposure to very 
high levels of copper in whole sediment. Other species like the cladocerans 
(Ceriodaphnia dubia and Daphnia magna) do not appear to be highly affected by high 
concentrations of copper in the whole sediment since they largely occupy the overlying 
water which has much lower levels of copper in it than the sediment (Hanson and Stefan, 
1984; Bennett and Cubbage, 1992 and Suedel, 1996). In some cases, inherited resistance 
(genetics) may be important in the resistance to copper and other heavy metals. For 
example, Bryan (1974 in LeBlanc, 1982) found that Nereis diversicolor developed 
inherited resistance to copper and other heavy metals after multigenerational exposure. 
Other species of invertebrates that may be able to develop resistance to high metal 
concentrations in sediment and/or water include the isopods (Asellus meridianus) and 
(Asellus aquaticus), and the bloodworm [Chironomus tentans (LeBlanc, 1982 cites 
Brown et al, 1976; Fraser et al, 1977 and Wentsel et al, 1977)]. This natural tolerance or 
resistance due to selection may have an impact on species diversity and the numbers of 
tolerant or resistant invertebrates since the presence of copper tolerant or resistant species 
like chironomids, dragonflies (Zygoptera), aquatic beetles (Stenelmis) and caddisfly 
(Trichoptera) increases as copper concentrations increase. “Increases in densities of these 
tolerant or resistant animals were probably indirectly related to copper by lessening of 
competition and predation or both” (Demayo et al, 1982). 

The extremely high Kd values (50 to 48,000 L/Kg) classify copper as immobile. 
Desorption is unlikely in lentic systems. However, in lotic systems, copper appears to 
accumulate to very high levels (up to 209 ppm Cu in Farmers Ditch, Colorado and up to 
6.1 to 9.8 ppm Cu in the Roza Main Canal, Washington). Most of the copper adsorbed to 
sediments in the Roza Main Canal is removed by hydrolysis within a short period of time 
(7 to 8 days) with sediment copper concentrations returning to background levels [3.9 to 
8.1 ppm Cu (EPA, 1985; Gangstad, 1986 and Nelson et al, 1969)]. Copper adsorbs 
rapidly to estuary sediments in the laboratory, but according to Teggins and Slinn (1985), 
the adsorbed copper remains in a relatively labile form and sorption of copper ions to 
estuarine sediment from river water entering an estuary would not be expected to be a 
permanent process. However, the degree of permanence of the adsorption process is open 
to question since rapid desorption of copper from estuarine sediment only occurs after 
treatment with 0.2 Molar TRIEN buffer and 50,000 ppm potassium nitrate. Such high salt 
concentrations may have the capacity to release copper from estuarine sediments through 
a cation exchange process. It is unclear if natural seawater with a saline concentration of 
32,000 ppm (32 parts per thousand) could desorb copper from estuarine sediments. This 
is an important question and laboratory work in freshwater, estuarine water and seawater 
in both static and moving systems is key to determining if copper absorption to sediment 
is irreversible or not. However, in the Fal Estuary copper in water which contains 0.5 to 
1.0 ppm Cu from the Canon River (Cornwall, England) appears to sorb onto sediments in 
the upper estuary at concentrations up to 3,000 ppm Cu. The concentration of total copper 
in the sediment is not responsible for toxicity once adsorption occurs. Only bioactive 
(labile) copper is important when discussing the toxicity of copper in the sediment and 
water column. For example, when copper amended whole sediment was tested for 10 
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days against Hyalella azteca, the total copper LC50 in the overlying water was 0.042 to 
0.1142 ppm Cu. However, the LC50 for bioactive (labile) copper was 0.0124 to 0.024 
ppm Cu. While the amount of total copper that “causes” toxicity may vary dramatically, 
the amount of bioactive (labile) copper that is necessary to cause toxicity remains the 
same even in waters and sediments with widely varying quality (Deaver and Rodgers, 
1996 in Huggettt et al, 1999). Although copper is persistent on sediment, it binds nearly 
irreversibly to soil/sediment in static water systems. Copper may or may not be 
biologically available (labile) and it is therefore, necessary to conduct toxicity tests with 
natural sediments and overlying water to determine if added copper sulfate or commercial 
copper-complexes will have significant adverse impact.  
 
Commercial copper-complexes’ tendency to partition into sediment has not been fully 
explored. However, in laboratory aerobic metabolism studies with Copper-TEA, 
complexes like K-Tea™ and Copper EDA complexes like Komeen®, these products are 
rapidly removed from water by partitioning into the sediment (Spare, 1996a). After 30 
days, only 12% of the applied Copper-[14C]TEA remained in the water column. 
Similarly, after 30-days, only 2% of the applied Copper-[14C]EDA remained in the water 
column (Spare, 1996b). However, in field studies at the Guntersville Reservoir 
(Alabama), Komeen® applied at 0.4 ppm Cu largely disappeared from the water column 
in less than 1 day. Despite this fact, accumulation on the sediment was never higher than 
1.4 times the background level of 6.0 ppm Cu (Rodgers et al, 1992). In order to ascertain 
the tendency of Komeen® and other commercial copper-complexes to adsorb to sediment 
in lentic and lotic freshwater systems and in estuarine environments, additional 
laboratory, outdoor mesocosm and microcosm tests, and field tests are important. 
Without determining more accurately the levels at which commercial copper-complexes 
and the dissociated copper accumulates on sediment, it is not possible to ascertain 
whether these products will have adverse impact on sediment associated organisms and 
organisms which occupy the pore water and overlying water. If copper from the 
commercial copper-complexes accumulates on sediment, tests should be done to 
determine if this whole sediment and overlying water is toxic to sediment dwelling and 
free-swimming aquatic invertebrates and fish. Valuable information could be obtained by 
testing sensitive species in the laboratory and monitoring the species diversity and 
numbers of organisms seen in treated and untreated mescosms/microcosms as well as true 
field situations using Hilsenhoff Biotic Index techniques.   
 
With the current knowledge of the concentration of copper that typically occurs in 
sediment and a limited understanding of the toxicity of copper to sediment organisms, the 
impact of copper exposure through sediment cannot be accurately ascertained. It is not 
clear to what degree copper contributes to the toxicity of aquatic sediments and to what 
degree other mono- and poly-valent metal salts or volatile and nonvolatile organic 
pollutants and natural reducing agents like hydrogen sulfide (H2S) contribute to the 
toxicity of the sediment (Dave, 1992 and Bennett and Cubbage, 1992). Many species of 
free-swimming and sediment invertebrates have been tested that are affected by exposure 
to inorganic copper for 4 days or less. Two-thirds of these species are strongly affected 
by inorganic copper salts. Since inorganic copper salts affect many of the species that are 
important in the food web, the food web may be disrupted even by the proper use of 
inorganic copper salts.  For example, the use of copper sulfate at rates that control aquatic 
vegetation may kill a number of aquatic invertebrates that are important to the food web 
while allowing various copepod species to survive (Severin-Reyssac, 1990 and Hawkins, 
1988). However, in cases where copper sulfate was applied at rates that would control 
90% of the aquatic weeds, a 10-fold safety factor was seen for Cyclops spp. Daphnia spp. 

Supplemental Environmental Impact Statement Assessments of Aquatic Herbicides: 
DRAFT Volume 6 – Copper, Section 4 – ENVIRONMENTAL EFFECTS 

Vol. 6, Sect. 4 – Page 215 



 

and Tubifex spp. (Neururer, 1972). It appears that whether or not species that are 
important to the food web are eliminated or survive depends on the species present, the 
application rate and various water quality parameters including, pH, hardness, alkalinity, 
apparent copper-complexing capacity and the amount and kind of bed and suspended 
sediments that may be present.  However, other species of similar size and nutritional 
value may be able to substitute for those species temporarily lost from the water column 
due to treatment with copper for aquatic weed control. It has been reported by Demayo et 
al (1992) and McIntosh and Kevern (1979), that one of the secondary effects seen when a 
water body is treated with copper sulfate is that fish will switch to other invertebrate 
foodstuffs if their preferred food stock is eliminated. For example, stomach analysis 
indicated that green sunfish shifted to alternate food sources when cladocerans 
disappeared from ponds treated with high concentrations (3.0 ppm Cu) of copper sulfate. 
The effects of copper on invertebrates and the dependency of fish on the invertebrates are 
discussed extensively in section 4.3.2.  

 
4.6.2 Water 
 

The effects of water quality on the toxicity of copper products have been adequately 
investigated. Copper products including copper sulfate and Cutrine® can cause depletion 
of dissolved oxygen concentrations to nearly zero due to decay of treated algae and 
foliage (Daniel, 1972; EPA, 1985 and Wisconsin Department of Natural Resources, 
1990). It has been shown that treatment with copper products can cause the levels of 
ammonia, nitrite and nitrate, and phosphate to build up (Daniel, 1972 and Gangstad, 
1978). It is also known that the build-up of these plant nutrients can cause algal blooms 
that can lead to summer fish-kills due to deoxygentation of water during the night hours 
and the production of various algal toxins like nodularin and aphantoxin. Algal blooms 
caused by the increase of plant nutrients produced off-taste and off-smell chemicals (MIB 
and geosmin), which makes the water supply generally unsuitable for drinking and other 
household uses and may also make fish impalatable. The impact on algal densities may 
impact the growth of aquatic animals. It is hypothesized that the use of copper products at 
very low concentrations (0.005 to 0.010) can decrease the growth of blue-green algae like 
Aphanizomenon and Anabaena and allow for the increased production of green algae and 
diatoms (Horne and Goldman, 1974). Under these conditions one would expect that the 
numbers of zooplankton, and fish and amphibians that depend on them, might increase 
once concentrations of copper dropped to levels that were not toxic to these species. 
However, if the green algae and diatoms were more adversely affected than the blue-
greens, it is expected that the number of zooplankton and fish and amphibians that 
depend on them would decrease since blue-green algae is often unacceptable as a food 
source to zooplankton and other aquatic invertebrates. Furthermore, as discussed before, 
if the nutrient levels rise, there can be an algal bloom that may cause summer fish-kills 
due to decreases in dissolved oxygen levels and increases in the amount of toxins 
produced by blue-green algal species. These effects are common to most algaecides 
including, Hydrothol® 191, diquat (Reward®), potassium permanganate, and the copper 
products used to control algae including copper sulfate, K-Tea™, Cutrine®, Clearigate®, 
and Captain™. 

 
4.6.3 Plants 
 

Gangstad (1978) and Daniel (1972) adequately demonstrated that dead and dying plants 
release nitrogen and phosphorous after treatment with copper sulfate, Cutrine®, or 
Cutrine® and diquat. Extensive data was not found addressing this phenomenon with 
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copper products. However, diquat, which is often combined with the commercial copper-
complexes, increases the nitrogen and phosphate levels after extensive field treatments 
(Peverly and Johnson, 1962 and Daniel, 1972). Although, at lower diquat concentrations, 
(~0.1 ppm c.e.) this nutrient enrichment may not occur (Serdar, 1997). Nutrient releases, 
after treatment with diquat, may be utilized by phytoplankton, and secondarily by 
zooplankton, fish and amphibians to stimulate their growth (Peverly and Johnson, 1962; 
Inabinet, 1972; Gilderhaus, 1967 and Cooke, 1977). 

 
The planting of desirable vegetation in the aquatic environment after treatment with 
copper has yet to receive serious investigation. In the laboratory, watermilfoil transplants 
will grow rapidly after treatment with Cutrine® by itself or in combination with diquat or 
endothall. However, in outdoor microcosms in natural ponds at Franklin (Wisconsin), 
when watermilfoil (Myriophyllum exalbescens) was transplanted 268 days after treatment 
with Cutrine® plus diquat at 2.2 plus 3.0 ppm, Cutrine® plus endothelia at 2.2 plus 3.0 
ppm or Cutrine® plus diquat plus endothelia at 2.2 plus 1.5 plus 1.5 ppm or Cutrine® 
alone at 2.2 ppm, only limited success in the growth of these transplants was seen 320 
days after treatment (Daniel, 1972). The reason that watermilfoil transplants did not grow 
as rapidly as anticipated in outdoor microcosms was competition from Potamogeton 
foliosus that dominated the water body after the elimination of the previous year’s stand 
of watermilfoil. 
 
Furthermore, Frank (1972) noted that plantings of native non-noxious and non-invasive 
plants after treatment with aquatic herbicides could increase diversity and decrease the 
numbers of the less desirable plants through competition. This would improve habitat 
since a more diverse plant community would attract a more diverse animal community. 
The practicality and utility of post-treatment plantings of native plants, and when they are 
best used, should be evaluated on a case-by-case basis. 
 

4.6.4  Acute and Chronic Animal Studies 
 

A number of well-designed chronic toxicity studies have been conducted with copper 
sulfate. However, no chronic studies with the commercial copper-complexes have been 
conducted. For an ideal understanding of chronic effects, early life-stage (ELS) studies 
may need to be conducted on all end use products or their technical equivalent with 
rainbow trout, fathead and sheepshead minnows. Coho and Chinook salmon are 
important in the Northwest. Therefore, ELS studies may also need to be conducted with 
these species. However, since it is unclear what the difference in response in farm grown 
salmonids and wild salmonids would be from treatment with the commercial copper-
complexes, it may not be possible to determine the effects of commercial copper-
complexes on endangered wild salmon and searun trout species. To have a better 
understanding of the chronic effects of the commercial copper products on invertebrates, 
life cycle studies may need to be conducted with all end use products or their technical 
equivalent on Daphnia magna, Ceriodaphnia dubia and/or Mysidopsis bahia. In order for 
proper comparisons to be made, additional acute studies should be conducted in the same 
time frame as the new early life-stage and life cycle studies. Ideally, the acute and 
chronic studies should be conducted with fish and invertebrates from the same parental 
line, or at least of the same known and specified seriotypes or germ lines. However, 
representatives from industry and some academic researchers (most notably, Lenwood 
Hall – personal communications, 2001) believe that aquatic animals are unlikely to be 
exposed to copper on a chronic basis. Therefore, it may not be necessary to conduct 
chronic fish and aquatic invertebrate tests with commercial copper-complexes.  
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Ideally, additional acute and chronic work needs to be done on fully aquatic and water 
associated animal species. These species include aquatic reptiles (turtles), amphibians 
(salamanders, toads, and frogs), lepidoptera and other insects associated with wetland 
communities or used as biocontrol agents on aquatic plants. Additional work with 
amphibians will be important because the leopard frog tadpole is acutely (LC50 = 0.15 
ppm Cu) and chronically (LOEC = 0.06 ppm Cu; NOEC = 0.04 ppm Cu) susceptible to 
the effects of copper sulfate (Lande and Guttman, 1973). It seems unlikely that copper 
applied at standard treatment rates (0.062 ppm Cu) as copper sulfate will be acutely or 
chronically toxic to the leopard frog. The 72-hour LC50 (0.15 ppm Cu) is much greater 
than the time-weighted EEC in soft water (0.052 ppm Cu) or hard water (0.039 ppm Cu). 
Furthermore, the 20-week NOEC and MATC (0.04 and 0.048 ppm Cu, respectively) are 
much greater than the long-term time-weighted EEC in both soft water (0.0035 ppm Cu) 
and hard water (0.0012 ppm Cu) that is toxic to the leopard frog. However, in other tests, 
the leopard frog was more sensitive to copper with a 96-hour LC50 = 0.05 ppm Cu. 
Under such conditions, leopard frog tadpoles would be adversely impacted by exposure 
to typical use rates since the time-weighted average EEC would be 0.048 and 0.034 ppm 
in hard water and soft water, respectively (Demayo et al, 1982). Although the LC50 in 
these tests is above the EEC, there is no margin of safety between the exposure rate and 
the LC50 in this case. Since the acute risk quotient (RQ = 0.68 to 0.96) is much greater 
than the high level of concern (0.5), it is likely that the amphibian segment of the biota 
could be adversely impacted if they are exposed to copper sulfate at concentrations that 
would be found in the environment. Other species of amphibians are also susceptible to 
varying degrees of copper exposure including the marbled salamander (Ambystoma 
opacum LC50 = 0.77 ppm Cu), gray tree frog (Hyal chrysoscelis LC50 = 27 ppm Cu) and 
Fowlers toad (Bufo fowleri LC50 = 0.04 ppm Cu). Of these species, only the Fowlers 
toad is likely to be strongly impacted by exposure to copper sulfate at typical use rates. In 
early life stage tests, the narrow-mouth toad (Gastropryne carolinenesis) is very sensitive 
to copper with the LC50 for this species in the embryo stage being 0.04 ppm Cu in a 7-
day exposure test. Calculations indicate that the time-weighted average EEC for 7 days is 
0.041 ppm Cu in soft water and 0.023 ppm Cu in hard water. Again, these exposure 
concentrations do not supply a high enough margin of safety to allow for the use of 
inorganic copper salts when this species is in a breeding state, e.g; RQ = 0.6 to 1.0 
(Demayo et al, 1982). When adult amphibians are not in a breeding state, the risk from 
exposure to inorganic copper salts appears to be minimal. For example, leopard frog 
adults were unaffected after exposure to inorganic copper salts at 4.0 ppm Cu for 30 days. 
Since very few tests have been conducted with inorganic copper salts on amphibians, it is 
important that various amphibian species be tested for acute and chronic toxicity with 
copper sulfate so that the full extent of the exposure risk is understood. In order for these 
studies to have any field validity, it is necessary to test amphibians in natural waters that 
have a range of pH, hardness, alkalinity and apparent copper-complexation capacity. 
Such studies will better define exposure risk to amphibians than testing in laboratory 
waters, which have a very restricted range of water qualities. Furthermore, no tests appear 
to have been conducted on amphibians with the commercial copper-complexes. Testing 
with the commercial copper-complexes in natural waters is also essential to define the 
exposure risk of amphibians to copper products. This may be particularly important since 
amphibians are more sensitive to copper than rainbow trout in both acute and chronic 
tests, and rainbow trout is one of the most sensitive species to copper sulfate and the 
commercial copper-complexes. Various species of biocontrol agents which may be 
important in the control of waterhyacinth are Sameodes albigutalis (Lepidoptera: 
Pyralidae), Neochetina eichoriniae and N. bruchi (Coleoptera: Bruchidae). Other species 
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of insects that may be useful in controlling waterlettuce include the Spodoptera 
pectinicornis (Lepidoptera: Nymphalidae) and Neohydronomus affinis (Lepidoptera: 
Nymphalidae). These species could serve as adjuncts for the control of aquatic weeds 
with the commercial copper-complexes that are registered for the control and suppression 
of waterhyacinth and waterlettuce. Although no work was found that explores the effects 
of commercial copper-complexes or copper sulfate on these important biocontrol species, 
diquat, which is often mixed with the commercial copper-complexes, may have its 
control augmented by the use of these biocontrol species. However, these biocontrol 
agents, by themselves, do not appear to adequately suppress growth of floating aquatic 
macrophytes (Langeland and Smith, 1993). 
  
Great concern has recently been expressed concerning the effects of pesticides on benthic 
(sediment) organisms. In light of the high toxicity of copper sulfate to most species of 
benthic organisms, additional testing probably does not need to be done with copper 
sulfate. Although the limited data available from laboratory test with Cutrine® indicates 
that this commercial copper-complex is not extensively toxic to invertebrate species, 
additional work needs to be conducted with the commercial copper-complexes 
(Komeen®, Nautique™, K-Tea™, Clearigate® and Captain™) to determine the extent of 
the exposure risk of these products to benthic invertebrates.  
 
Furthermore, field studies support the observation that copper sulfate is toxic to benthic 
invertebrates and reduces benthic invertebrate count, species diversity and can change the 
dominant species complex in contaminated sediments. Extensive field impacts from 
copper sulfate on benthic invertebrate populations have been observed by Bennett and 
Cubbage (1992) in Lake Steilacoom (Washington), by Hanson and Stefan (1984) in the 
Fairmont Lakes (Minnesota), and by Harman (1978) in Moraine Lake (New York). 
Limited data with the commercial copper-complexes indicates that Komeen® plus diquat 
and Cutrine® plus diquat are not highly toxic to benthic invertebrates (particularly 
gastropods) in the field (Rodgers et al, 1992 and Winger et al, 1984). However, additional 
field studies, emphasizing the species that have demonstrated sensitivity in the laboratory 
to inorganic copper salts including copper sulfate products, are warranted. It is interesting 
to note that the most highly sensitive tests were usually conducted in soft water (hardness 
<50 ppm CaCO3) or seawater, while less sensitive tests (LC50 = 0.1 to 36 ppm Cu) were 
generally conducted in hard water (>200 ppm Cu C03). A very important prey species is 
the apple snail (Pomacea paludosa) and it appears to be tolerant of copper plus diquat in 
field tests where rich waters that contain a lot of dissolved organic matter are present. 
However, laboratory data indicates that, in the absence of sediment, this species may be 
very susceptible to Cutrine® or Komeen® [LC50 = 0.024 and 0. 022 ppm Cu, 
respectively (Winger et al 1984)]. Because snails (gastropods) are very sensitive to 
copper based herbicides, Rodgers et al (1992) suggested that additional field work be 
conducted with copper-based herbicides (particularly commercial copper-complexes) to 
determine their safety on snails, which are important components of the food chain. 
Many species of birds, aquatic invertebrates and terrestrial vertebrates depend on aquatic 
snails as a major food source. A few of these species include limpkins (Aramus 
guarauna), boat-tailed grackles (Ouiscalus major), alligators (Alligator mississippiensis), 
turtles, raccoons (Procyon lotor) and the snail kite (Rostramus sociabilis), which is an 
endangered species that feeds almost exclusively on aquatic snails. Species which are 
resistant to copper sulfate or the commercial copper-complexes in laboratory and field 
situations may be used as negative controls. For example, if an unexpected response 
occurs with these species, then there may be problems with the test design or there may 
be factors other than copper which are influencing survival of the test organism. Very 
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little laboratory data is available on the toxicity of the commercial copper-complexes and 
none of the species tested, including the water flea (Alonella sp.), ostracod (Cypria sp.), 
copepod (Eucyclops sp.), calanoid (Diapotomus sp.), grass shrimp (Palemonetes pugio), 
blue shrimp (Penaeus stylirostris) or fiddler crab (Uca pugilator) appears to be strongly 
impacted by Cutrine® (LC50 = ~5 to ~150 ppm Cu). Therefore, all of these species could 
be useful as negative controls to determine if factors other than copper as Komeen® or 
Cutrine® are impacting the test population in the field. 
 

4.7 MITIGATION MEASURES 
 

Summary: The use of copper products may be a mitigation measure particularly when 
blue-green algae blooms are present. The blue-green algaes may produce toxins like 
aphanitoxin or nodularin which may cause death in farm animals and terrestrial wildlife 
that drink water contaminated with these toxins (Hawkins, 1988; Heresztyn and 
Nicholson, 1997 and English et al, 1993). The water can be unsuitable for human 
consumption due to the presence of these toxins or the production of geosmin or MIB 
which produce an off-taste or off-smell in water and fish that people find objectionable 
(Van der Ploeg, 1991 and Zimmerman, 1995). When water becomes toxic, due to the 
production of these endotoxins by blue-green algae, fish can be killed (Whitaker et al., 
1978). Bacteria that are naturally present in the water column may control these toxins. 
However, copper sulfate treatments may eliminate these bacteria. These toxins may also 
be eliminated by treatment with potassium permanganate. General algaecides, including 
copper sulfate, may be useful in the control of blue-green algae that produce them. 
 
Treatment with copper sulfate may cause phosphates to be released during post-
treatment aquatic plant decay (Daniel, 1972). Phosphate cycling from the sediment may 
also be increased by treatment with copper sulfate due to increases in iron-phosphate 
complex released as the hypoliminion and sediment become anaerobic due to the decay 
of dead and dying algae and aquatic vascular plant tissue. The sulfate disassociated from 
copper sulfate or other sulfate-containing metal salts may increase the production of 
hydrogen sulfate and fertilize the lake waters by accelerating the loss of iron and 
increasing the regeneration of phosphate from the sediments (Hanson and Stefan, 1984; 
Demayo et al, 1982 and Wisconsin Department of Natural Resources, 1990). Although 
chelating agents such as fly ash metal, ferric iron, aluminum and zirconium have been 
used to remove phosphate from eutrophic lakes, there may be some risk to the aquatic 
environment due to the toxicity of these chelating agents (Goldman and Horne, 1983). By 
the time excessive phosphate levels are noticed, it may be too late to prevent an algal or 
heterotrophic bacterial bloom. However, application of alum floc (aluminum sulfate) and 
iron chloride has successfully deactivated soluble reactive phosphorus and has 
secondarily controlled algal blooms (Narf, 1985 and Walker, 1989). Treatment with these 
phosphate-chelating agents may remove enough soluble reactive phosphorous (~90%) 
from the epiliminion and hypoliminion to shift the nitrogen:phosphorous ratio against the 
formation of blue-green algae. Since blue-green algae are then replaced by diatoms, 
green algae and flagellates, increases in the numbers of phytoplanktovoric meroplankton 
like rotifers and glassworms, and benthic organisms like bloodworms can be dramatic 
(Narf, 1985). 
 
If excessive levels of copper sulfate or other copper-containing herbicides are found in 
the water, vascular aquatic plants can bioaccumulate copper (30- to 54,000-fold). Sago 
pondweed (Potamogeton pectinatus) and leafy pondweed (P. foliosus) have been 
particularly effective in removing copper from treated water bodies. However, in order to 
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use these plants to remove copper from the water column, they would have to be removed 
prior to their death or copper would be re-released, possibly causing damage to the 
resident biota or being adsorbed long-term into the sediment (Janus et al, 1989 in ACP, 
1999). The addition of sediments that may adsorb copper, like 50:50 peat sand or clays 
with a high cation exchange capacity like bentonite (kaolinite) or montmorillonite, could 
effectively remove copper from the water column. It also has been suggested that the 
addition of natural inorganic chelating agents, natural organic chelating agents or 
synthetic organic chelators could be effective in removing toxic levels of copper from the 
water column. In these cases, copper may be precipitated out to the sediment where it 
would no longer effect species of fish and invertebrates that occupy the water column. 
However, they still might effect infaunal benthic organisms that are exposed to copper by 
contact with the sediment. Other potential methods for removing excess copper from the 
water column include the addition of hard water to soft water lakes or the addition of 
brown water to lakes with clear water. The only way to mitigate the effects of high 
copper concentrations in the sediment of lentic systems appears to be through dredging or 
covering contaminated sediment with clean sediment (Clement and Cadier, 1998 and 
Hanson and Stefan, 1984). Dredging has decreased the concentrations of copper in 
sediment to levels where the benthic organism count and species diversity is significantly 
improved (Hanson and Stefan, 1984). However, dredging may cause releases of copper 
from the sediment that are high enough to cause adverse impact on the resident biota 
providing that the water quality conditions in the water column are such that copper may 
be hydrolyzed from the sediment, or a significant portion of the copper in the sediment is 
in a labile form. Teggins and Slinn (1985) found that, unless the copper that has been 
adsorbed to the sediment were to react with materials such as sulfides to form insoluble 
compounds, adsorption of cupric copper ion (Cu2+) is not likely to be a permanent 
process. Contrary to this, other investigators have observed that once copper is adsorbed 
by sediment it will remain adsorbed for an indefinitely long period of time (Reinert and 
Rodgers, 1987). Fine bottom sediment with a very high cation exchange capacity is 
unlikely to release copper into the water providing that the flow rate is not too high. 
Nevertheless, contaminated sediment may be removed by erosion, suspension and 
transport effects that scour the bottom of a lotic water system if the flow rate is very 
rapid. Concentrations of copper in suspended sediment has been very high (~200 to 
~6,000 ppm Cu) in the Roza Main Canal (Washington) even when the concentration of 
copper in the bed sediment is less than 10 ppm Cu (Nelson et al, 1969). It seems likely 
that the concentration of copper in the bed sediment may remain low because sediment 
with high concentrations of copper is scoured from the bottom, suspended and 
transported out of the treatment area. It would be interesting to monitor the sediment in 
areas where it settles out from irrigation canals; and it is hypothesized that the copper 
concentrations in bed sediment, where this settling occurs will be very high. If excessive 
levels of copper have been released into the water, copper may potentially be scavenged 
by adding fresh soil or sediment containing large amounts of peat, or high cation 
exchange capacity clays like bentonite (kaolinite), illite or montmorillonite clay. This 
approach is probably not practical in large water bodies but growth ponds with artificial 
50:50 sand: peat bottoms can have healthy fish populations that are unaffected for more 
than 8 weeks after treatment with copper sulfate at concentrations up to 1.0 ppm Cu, or 
copper sulfate plus diquat at concentrations up to 1.0 plus 1.0 ppm (Gangstad, 1978). 
This indicates that the copper added to these growth ponds is not biologically available to 
the resident fish populations. Since these fish species are surviving without any 
significant mortality, it seems likely that a significant number of the resident 
invertebrates must also be surviving and serving as fish foodstuff, particularly for the 
predacious and omnivorous species like largemouth bass and bluegills. Channel catfish 
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are also surviving these treatments for more than 8 weeks after treatment. Therefore, it 
seems likely that copper is not being adsorbed at a toxic level from the sediment into the 
benthic invertebrates and decaying plant material that this species may consume. The use 
of copper sulfate or commercial copper-complexes may be considered a mitigation 
measure when floating and submersed aquatic macrophytes are out of control. Treatment 
with appropriate concentrations of copper may improve habitat for fish, pelagic aquatic 
invertebrates (zooplankton) and benthic organisms (catfish, common carp and sediment 
dwelling organisms). However, the unpredictable toxicity of copper products to fish 
(LC50 = 0.002 to 2,000 ppm) indicates that copper should be used with great care when 
fish are present. Factors that effect the toxicity of copper products include species, age of 
the organism, dissolved oxygen content, temperature, lentic or lotic environment, amount 
of organic matter present and amount of carbonates (hardness and alkalinity) present. 
Because of this unpredictability in both the degree of control of aquatic vegetation and 
the toxicity of copper products to fish, the Maine Environmental Protection Agency 
(1976) has recommended that the use of copper products be discontinued in Maine’s soft 
water lakes. However, there is disagreement on the safety of both copper sulfate and one 
of the more toxic commercial copper-complexes (Cutrine®). For example, Masuda and 
Boyd (1993) predicted that both copper sulfate and Cutrine® can be used safely if the 
molar concentration of the active ingredient does not exceed 1% of the alkalinity as 
CaCO3. However, even the use of the more fish-safe commercial copper-complexes like 
Komeen® and Nautique™ without extensive fish losses, is questionable when salmonids 
are present (Finlayson, 1980). Furthermore, salmonids including anadromous species like 
Coho salmon (Oncorhynchus kisutch), sockeye salmon (Oncorhynchus nerka) and 
Atlantic salmon (Salmo salar) have been adversely impacted by low concentrations of 
copper in the waterway. Copper concentrations as low as 0.005 to 0.03 have affected 
smoltification of salmon exposed as juvenile parr-smolt in freshwater being unable to 
adapt to seawater (Bouck and Johnson 1979; Lorz and McPherson, 1976 and Davis and 
Shand, 1978 in Demayo et al, 1982). Furthermore, both Coho salmon and Atlantic 
salmon have had their migrational movements disrupted by exposure to copper at 
concentrations ranging from 0.005 to ~0.04 ppm Cu. This could have adverse impact on 
survival and breeding of endangered salmon species. Therefore, restrictions on seasonal 
applications are warranted to protect sensitive juvenile salmon parr-smolts and adult parr 
from the affects of these products. Similar seasonal restrictions may be applied to protect 
fish and fisheries, particularly when early life-stage (sac-fry and swim-up fry) of striped 
bass, cutthroat trout, rainbow trout, channel catfish and various salmon species are 
present. 
 
Treatment with copper can produce side effects that need to be mitigated. For example, 
the release of too much phosphate can be a serious problem. When anaerobic conditions 
redevelop, phosphate and iron may be released once again and provide nutrients for algal 
or bacteria growth, particularly after a sediment disturbance like mechanical weed 
removal or fall overturn. In order for these releases from the hypolimnion to be useful to 
photosynthetic organisms, the water must be both shallow and transparent enough for 
photosynthesis to occur. Removal of excess phosphate may be achieved by the addition 
of ferric iron, metals in fly ash, or salts of aluminum or zirconium. However, these 
remediation techniques may have an adverse impact on sensitive aquatic animals. 
Therefore, the negative impact of excess phosphate must be weighed against the possible 
negative affects of these chelating metals on the resident biota. This method is 
occasionally used to clean up phosphate from eutrophic lakes and it could be used as a 
remedial measure when high phosphate levels are noticed due to the decay of herbicide 
treated aquatic plants and algae. However, by the time high phosphate levels are noticed, 
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it may already be too late to prevent an algal or heterotrophic bacterial blooms (Goldman 
and Horne, 1983). The addition of alum sulfate floc or iron chloride to remove soluble 
reactive phosphorous has been proposed by several authors including Kortmann and Rich 
(1994), Narf (1985) and Walker et al (1989). These investigators deactivated soluble 
reactive phosphorous in various municipal water supplies by the addition of aluminum 
sulfate or iron chloride accompanied by other methods including sulfate loading, artificial 
aeration and biomanipulation. It was found that these methods removed nutrients and 
shifted the nitrogen:phosphate ratio against the growth of blue-green algae, which were 
replaced by diatoms and green algae followed by subsequent dramatic increases in 
meroplanktonic Chaoborus punctipenis larvae and rotifers, and benthic chironomids.  

 
When copper products are being used for control of aquatic weeds, the lowest effective 
concentration should be used. The use of these herbicides in open waterways where a lot 
of lateral mixing and dilution occur will also decrease the dissipation time   
 
For most species of fish tested, the commercial copper-complexes appear to be much less 
toxic to fish than the copper sulfate products. For example, Komeen® is practically non-
toxic (LC50 = >100 ppm) to many species of fish including largemouth bass, striped 
bass, and white perch. Komeen® is also slightly toxic to bluegill sunfish in soft water and 
golden shiner (Notemigonus crysoleucas) in hard water. However, its toxicity to rainbow 
trout would classify Komeen® as very highly toxic in soft water (LC50 = <0.1 ppm) and 
moderately (LC50 = 1.0 to 10 ppm Cu) to slightly toxic (LC50 = 10 to 100 ppm Cu) in 
hard water. Application of Komeen® at the highest use rate (1.0 ppm Cu) will probably 
not adversely impact the fish biota in general. “However, when salmonids are present the 
use of Komeen® for Hydrilla control without extensive fish losses is questionable” 
(Finlayson, 1980). 
 
In cases where sediment or water become seriously contaminated, dissipation rates may 
be improved by adding natural or synthetic chelating agents. Some of the natural 
inorganic chelating agents include hydroxides, carbonates, cyanates, chlorides, sulfates, 
sulfides, phosphates and nitrates. Care should be taken when adding these chelating 
agents to avoid increasing nutrient levels significantly, which would be expected when 
nitrates and phosphates are added. The addition of sulfates may also decrease the cycling 
time of sediment bound ferrous iron and phosphates since it can serve as an electron 
acceptor and cause anaerobic conditions to occur more readily at the sediment water 
interface. Therefore, care should be taken to avoid adding excessive sulfate in the form of 
copper sulfate as an aquatic herbicide, or other sulfates in fertilizers containing chelated 
iron, zinc or other heavy metals. Some of the natural organic chelating agents include 
amino acids, amino sugars, polypeptides, humic substance, (humic acid and fulvic acid), 
alcohols, ureas, intermediate molecular weight organic molecules and sewage or waste 
water effluent, which may complex with cupric cation to form non-toxic or less toxic 
forms of copper. Some synthetic organic chelating agents that might be effective in 
removing excess copper from contaminated waterways include as EDTA, NTA, TRIS, 
TPP, NTI, HEPES, TEA, MEA, EDA. The addition of sediment with high cation 
exchange capacity like bentonite (kaolinite), illite or montmorillonite clays may also 
remove copper. Furthermore, the planting of certain Potamegeton species or the seeding 
of the water with the fungus Penicillium ochro-chloron also has the potential to remove 
copper from the overlying water. Production of “brown water” by the addition of peat to 
the water column or soil/sediments that contain sand/peat mixtures may also aid in the 
removal of excess copper. 
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4.8 SUMMARY AND CONCLUSIONS 
 

The inorganic copper salts, including copper sulfate, probably cannot be used safely in 
soft water with pH < 6.0 for the control of algae and Potamogeton spp. However, copper 
sulfate can be used for the control of aquatic vegetation in hard water providing that the 
concentration of copper does not exceed 0.062 ppm Cu in lentic systems or 0.2 ppm Cu 
(continuously) in fast moving lotic systems like irrigation canals. Some of the commercial 
copper-complexes like Komeen® and Nautique™ can probably be used safely for the 
control of aquatic vascular plants at rates ranging from 0.5 to 1.0 ppm Cu. This is 
particularly true if they are applied as restricted use herbicides, and are not applied to 
soft water or when sensitive species like salmonids are present. Furthermore, the other 
commercial copper-complexes like Cutrine®, K-Tea™, Clearigate® or Captain™ may 
be used safely, under certain conditions, at rates between 0.2 and 1.0 ppm Cu. However, 
they should not be used in soft water, at pHs of less than 6.0 or when sensitive or 
endangered species like rainbow trout, steelhead trout, striped bass or channel catfish 
are present. Many fish are able to avoid copper and low oxygen levels. Therefore, if 
copper products are applied to only a portion of the water body (one-half to one-third), 
many species will be able to avoid the toxic effects of copper and the suffocating effects of 
low dissolved oxygen concentrations. Nevertheless, copper products, including copper 
sulfate (Triangle Brand® Copper Sulfate Crystal and Earthtec®) and the commercial 
copper-complexes, should be used with great care since the toxicity of these products is 
difficult to predict from laboratory studies. Problems regarding predictions of field 
toxicity from laboratory data occur because water quality and sediment type can strongly 
influence the toxicity of these copper herbicide products. Studies conducted to attain base 
line toxicity studies should be conducted with the copper products in water from natural 
water bodies. Therefore, copper products should only be used in these water bodies when 
the toxicity of copper (acute LC50s or chronic NOECs/MATCs) for the most sensitive test 
species are 10-fold higher than, or at least equal to, the time-weighted average EECs for 
short-term and long-term exposure, respectively. However, if some fish or invertebrate-
kills can be tolerated, the ECOFRAM approach may be appropriate.  

 
The risk to aquatic life from the use of copper products was assessed using two 
methodologies. One of the methods was designed to compare chemicals for toxicity and 
the other was designed to determine whether or not the chemical was safe to the biota. 
 
The first method is the U.S. EPA Ecotoxicological Risk Categories for mammals, birds, 
and aquatic organisms. A summary of its criterion can be found in Table 1. For fish, birds 
and mammals, these categories are very highly toxic, highly toxic, moderately toxic, 
slightly toxic, and practically non-toxic. The exact quantitative values vary considerably 
depending on species and exposure route [EPA, 1982; Brooks 1973 in EBASCO, 1993 
(Table 1)]. This method classifies inorganic copper salts, including copper sulfate, in soft 
to moderately hard water as very highly toxic (LC 50 = <0.1 ppm) to highly toxic (LC50 
= 0.1 to 1.0) to most species of fish and aquatic invertebrates. There are about 14 species 
of tested fish (~30 %) that are sensitive enough to classify inorganic copper salts as very 
highly toxic in soft water and about 24 species of tested fish (~50%) that are sensitive 
enough to classify them as highly toxic in soft to intermediately hard water. Furthermore, 
there are approximately 25 species of tested invertebrates (~33%) that are sensitive 
enough to classify inorganic copper salts as very highly toxic in soft water and about 25 
species of tested invertebrates (~33%) that are sensitive enough to classify inorganic 
copper salts as highly toxic in intermediately hard to hard water. However, several 
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species of fish and invertebrates are more tolerant to inorganic copper salts in moderately 
hard to very hard water. The species of fish that are very tolerant to inorganic copper salts 
in moderately hard to very hard water include the mosquito fish (Gambusia affinis), 
Hamilton’s carp (Cirrhina mrigala), sunfish (Lepomis spp.), and various perch species 
(Perciformes spp. and Perca americana). Toxicity of these fish to the inorganic copper 
salts classify as moderately toxic (LC50 = >1.0 to 10 ppm Cu). Species of aquatic 
invertebrates that are very tolerant to inorganic copper salts in moderately hard to very 
hard water include the rotifer (Philodina acuticornis), red swamp crayfish (Procambarus 
clarkii), annelid worm (Aelosuma headleyi), 4th instar bloodworm midge larvae 
(Chironmus tentans), copepods (Cyclops sp.), Manila clam (Corbicula manilensis in its 
adult stage), stonefly larvae (Acroneuria lycorias) and a pond snail (Amicola sp. in its egg 
stage). Inorganic copper salts are moderately toxic (LC50 = >1.0 to 10 ppm) to slightly 
toxic (LC50 = >10 to 100 ppm) to these invertebrates. A few species of fish and aquatic 
invertebrates are tolerant of inorganic copper salts even in soft water (<50 ppm CaCO3) 
or seawater and include the American eel (Anguilla rostrata), banded killifish (Fundulus 
diaphinus), copepod (Cyclops ambysorum), 4th instar bloodworm midge (Chironomus 
tentans), caddisfly (Tricoptera in the larval stage), marine bivalve (Rangia cuneata) and 
marine polychaete worm (Eurythoe complanta). Presumably, those species which can 
tolerate the inorganic copper salts in soft water will also be able to tolerate these 
herbicides in intermediately hard and hard water.  
 
The other commercial copper products (commercial copper-complexes) are much less 
toxic to fish and aquatic invertebrates than the inorganic copper salts. Under the EPA 
Ecological Risk Categories, the Copper-EDA complex (Komeen®) is classified as 
moderately toxic (LC50 = >1.0 to 10 ppm) to practically non-toxic (LC 50 = >100 ppm) 
for almost all species of fish tested in both soft and hard water. One exception is the 
rainbow trout in soft water, which classified Komeen® as very highly toxic (LC50= <0.1 
ppm Cu). It is likely that Nautique™ would be similarly classified since it is a similar 
product with the main copper-complex being copper-EDA. Therefore, it seems unlikely 
that Komeen® or Nautique™, which are similar formulations, would be toxic to most 
species of environmentally relevant fish.  

 
The copper-TEA complexes (K-Tea™, Cutrine® and Copper Control®) appear to be 
somewhat more toxic to fish according to the EPA Ecological Risk Categories than 
Komeen®. Sensitive species like striped bass (Morone saxatilis), rainbow trout, brown 
trout (Salmo trutta), fathead minnow (Pimephales promelas) and channel catfish 
(Ictalurus punctatus) classify copper-TEA as very highly toxic (LC50 = <0.1 ppm) to 
highly toxic (LC50 = 0.1 to 1.0 ppm) in soft water. However, species that were sensitive 
in soft water do not appear to be affected strongly in hard water and classify the copper-
TEA complexes as moderately toxic (LC50 = >1.0 to 10 ppm) to slightly toxic (LC50 = 
10 to 100 ppm) under hard water conditions. Due to the high toxicity of these copper-
TEA complexes to sensitive species in soft water, the use of these products to control 
Hydrilla in soft water is not recommended. Most species of fish will not be affected when 
these products are used in intermediately hard to hard water (100 to 200 ppm CaCO3). 
However, highly sensitive salmonid species like rainbow trout and brown trout may be 
sensitive to the copper-TEA complexes even in intermediately hard to hard water (100 to 
~300 ppm CaCO3). Therefore, for the use of these products for Hydrilla control or the 
control of other vascular aquatic plants would seem unwise when salmonids are present. 
It is likely that Cutrine®, K-Tea™, Copper Control®, Clearigate® and Captain™ would 
be similarly classified since they all have copper-TEA as their main copper-complex. 
However, some of these products (particularly Clearigate®) may be considerably more 
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toxic than the other copper –TEA complexes, since other copper-complexes may be 
present in this product at fairly high concentrations. For example, if the two products 
from Applied Biochemists (Cutrine® and Clearigate®) are evaluated, Clearigate® is 
more toxic to sensitive fish species like rainbow trout, and ornamental carp (koi and 
goldfish) than Cutrine® (Kannenberg of Applied Biochemists – personal 
communications, 2001). However, Cutrine® appears to be fairly non-toxic to aquatic 
invertebrates including various aquatic arthropods that are found in both freshwater and 
seawater environments. For example, these species classify Cutrine® into the EPA 
Ecological Risk Categories of moderately toxic (LC50 = >1.0 to 10 ppm) to practically 
non-toxic (LC50 =>100 ppm) in soft water, intermediately hard water, hard water and 
seawater, and it seems likely that other copper-TEA complexes will have similar toxicity 
when tested against freshwater or marine/estuarine invertebrates.  
 
According to the second method (Urban and Cook, 1986), the acute LC50 must be at 
least 10 times greater than the 4-day time-weighted expected environmental 
concentration (EEC) for the test substance to be considered safe to the biota. For 
threatened and endangered species, the acute LC50 must be 20 times greater than the 4-
day time-weighted expected environmental concentration (EEC) for the test substance to 
be considered safe. The chronic NOEC or MATC must also be equal to, or greater than, 
the 28-day time-weighted EEC, for the test substance to be considered safe. Currently, 
the U.S. EPA Registration Standard (1985) for copper sulfate does not address a formal 
risk assessment, and the application of copper sulfate at concentrations (1.0 ppm Cu) is 
considered a non-regulatory issue even though higher use rates of copper sulfate may 
cause fish-kills, particularly when sensitive species like salmonids are present in the 
treated water body.  
 
Risk assessments indicate that inorganic copper salts are acutely unsafe when they are 
applied to soft (<50 ppm CaCO3) to intermediately hard (50 to <200 ppm CaCO3) water 
with a pH < 6.0 for the control of algae. The acute 96-hour LC50 for the most sensitive 
species in this segment of the biota ranges from 0.0125 to 0.036 ppm Cu in soft to 
intermediately hard water (Tables 2, 8A, 18, and 23A). The short-term time-weighted 
average EEC for this sensitive species is typically 0.048 ppm when a soft or 
intermediately hard water in a lake or pond is treated according to EPA’s worst-case 
scenario with 4.45 lbs copper sulfate pentahydrate/6 acre-feet (0.25 ppm copper sulfate = 
0.062 ppm Cu). Therefore, the risk quotient will be much greater than the short-term 
level of concern (0.1) for the protection of fish from the acute effects of copper sulfate; 
(RQ = 3.8 = EEC/LC50 = 0.048 ppm/0.0125 ppm for fathead minnow in soft water to RQ 
= 1.0 = 0.048 ppm/0.045 ppm for Coho salmon in soft water). From this data, it is clear 
that copper sulfate treatments in soft water can adversely impact the fish biota and that 
the use of copper sulfate as a restricted use herbicide may not be effective in mitigating 
the effects of copper sulfate in hard water. It is not entirely clear if copper sulfate will be 
chronically unsafe when it is applied to soft to intermediately hard water. A risk 
assessment conducted based on the results from laboratory tests in hard water indicates 
that treatments at rates of 0.062 ppm Cu (time-weighted EEC = 0.034 ppm Cu) may not 
adversely impact many fish species when exposed to copper sulfate in the field under 
hard water conditions. For example, under intermediate (50 to 200 ppm CaCO3) to hard 
water conditions (200 to 400 ppm Cu), the risk quotient is not likely to exceed the short-
term high level of concern (0.5) for brown or bullhead catfish, cutthroat trout or white 
perch. Therefore, with the possible exception of salmonids, the use of copper sulfate in 
hard water under a restricted use label to control nuisance algae will probably not 
adversely impact the fish biota. Higher concentrations of copper sulfate (0.125 ppm Cu to 
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1.0 ppm Cu) are likely to cause acute effects on the fish biota in intermediately hard to 
hard water that may not be mitigated by application as a restricted use compound.  
 
Although laboratory data indicates that copper sulfate cannot be used safely in soft water 
and can only be used at low rates (<0.062 ppm Cu) in hard water, the safety of copper 
sulfate in a natural water body appears to be water body specific. For example, while 
copper sulfate applied at typical use rates (0.5 ppm = 0.125 ppm Cu), almost annihilated 
fish found in Lake Jesse (New York) and Lake Maracaibo (Venezuela), application of 
copper sulfate (1.0 ppm Cu) or copper sulfate plus diquat (1.0 ppm Cu plus 1.0 ppm c.e.) 
did not harm fish like largemouth bass, bluegill sunfish or channel catfish for up to 8 
weeks after application to ponds (Smith, 1935; de Zambrane, 1979 and Gangstad, 1978). 
However, Demayo et al (1982) noted that the predicted safe level of copper 
concentrations in Shayler Run ranged between 0.029 and 0.046 ppm in water with a low 
apparent copper-complexing capacity. Nevertheless, in Shayler Run water, with a high 
apparent copper-complexing capacity, the predicted safe level of copper concentrations 
was much higher (1.1 to 1.7 ppm Cu). Brown et al (1974) came to the following 
conclusions concerning the toxicity of copper products in natural water bodies based on 
observations similar to those just cited and the fact that apparent copper-complexing 
capacity can have a great influence on the acute toxicity of copper sulfate. 1) The amount 
of total or soluble copper present in a natural surface water cannot be used to describe the 
toxicity attributable to copper since the values obtained will overestimate the 
concentrations of the toxic species of copper [Cu2+, CuOH+, , Cu(OH)2] and possibly 
Cu2(OH)2 and will therefore, be erroneous; 2) “Because of the variable degree and nature 
of copper-complexing which will occur when raw surface waters are used for dilution 
purposes in toxicity tests, such tests cannot serve to define the ‘true’ toxicity of copper 
(which will often be grossly underestimated) nor have application to waters other than 
those being used, unless information is obtained on the concentrations at which the toxic 
species of copper are present” (Brown et al, 1974). 
 
It is apparent that copper sulfate is acutely toxic to fish in soft water at all typical 
application rates and in hard water at concentrations that exceed 0.125 to 0.25 ppm Cu. 
However, some investigators (most notably, Lenwood Hall – personal communications, 
2001 and Sanchez and Lee, 1978) believe that copper from copper sulfate treatments will 
not persist in the water column long enough to cause chronic effects on fish or aquatic 
invertebrates. Their work indicates that, in field situations, chronic sub-lethal effects 
cannot be detected in aquatic organisms. They also noted that after copper treatments 
have been discontinued for a period of time, sports fisheries do not appear to be affected 
by copper toxicity and that there are no significant long-term adverse effects arising from 
the use of copper sulfate to control algae. However, Engle and Sunda (1979), Brown 
(1980) and Sunda and Guillard (1979) found that estuarine/marine fish species, 
estuarine/marine invertebrate species and estuarine/marine algal species will be affected 
chronically by concentrations of copper (0.0001 to 0.004 ppm Cu) that are naturally 
found in seawater. Although the long-term time-weighted copper EECs found in soft 
water (EEC = 0.0055 to 0.017 ppm Cu) appear high enough to chronically affect sensitive 
fish species, it is not clear that similar effects will be seen in experiments conducted in 
the field. The effects of water quality (hardness and alkalinity) seem to have less effect on 
chronic impact than on acute impact and often the NOEC/MATC on fish for copper 
sulfate is similar in soft and hard water [Harrison et al, 1986 (Table 23B)]. However, 
whether chronic effects will occur appears to be water body specific. For example, in 
laboratory studies designed to mimic field studies, the standing crop of larval brook trout, 
brown trout, rainbow trout, lake trout, white sucker, herring and smallmouth bass were 

Supplemental Environmental Impact Statement Assessments of Aquatic Herbicides: 
DRAFT Volume 6 – Copper, Section 4 – ENVIRONMENTAL EFFECTS 

Vol. 6, Sect. 4 – Page 227 



 

reduced (LOEC) by exposure to copper at rates of 0.0317 to 0.043 ppm. This LOEC 
concentration is higher than the 28-day EEC of copper that is found in soft water (0.017 
ppm Cu) or hard water (0.0064 ppm Cu) after exposure to 0.062 ppm Cu. Therefore, 
these species should not be adversely impacted in the field by typical treatment rates 
since the predicated chronic RQ is approximately equal to or less than the long-term level 
of concern (1.0), RQ = EEC/NOEC = 1.1 to 0.017 ppm/0.016 ppm or RQ = 0.54 0.017 
ppm/0.022 ppm. In these studies designed to mimic field conditions, the Northern pike 
(Esox luscius) is even more tolerant to the chronic effects of copper exposure with the 
LOEC equal to 0.104 ppm Cu (NOEC = 0.0521 ppm Cu).  
 
However, in field studies where copper sulfate was applied from 3 to 5 times per year for 
approximately 10 years at rates of 0.5 to 1.5 ppm copper sulfate (0.125 to 0.375 ppm Cu), 
two major changes were observed. After removal of roughfish from the Fairmont Lakes 
and restocking with walleye pike during the 1967 to 1968 season, the roughfish rapidly 
became a problem again, and 80% of the restocked walleyes had been killed, which 
destroyed a $30,000 fish restocking program sponsored by the Minnesota Department of 
Conservation. It was reported by the Department’s biologist that copper induced mucous 
on fish gills, the clogging of fish gills by dead algae and the deoxygenation of the water 
column by the decomposition of dead algae all contributed to major fish-kills in Hall 
Lake. Treatment of this lake with copper sulfate destroyed ~25% of the walleye pike, 
~33% of the Northern pike and some bullhead catfish (Hanson and Stefan, 1984). Hanson 
and Stefan also found that the ratio of roughfish:panfish:gamefish changed significantly 
after long-term treatment of the Fairmont Lakes with copper sulfate. After restocking, 
this ratio was 34:36:30 which was similar to lakes that had never been treated with 
copper sulfate. However, after 10 years of exposure to copper sulfate, this ratio changed 
to 79:18:1, which was similar to the ratio in the Fairmont Lakes after extensive treatment 
with copper sulfate, but prior to restocking. Adverse chronic impact from field studies 
with copper sulfate has also been reported by Bayne et al (1980 in Harrison, 1985) for the 
H.B. Robinson power station cooling water impoundment. Labile copper concentrations 
ranging from 0.013 to 0.0339 ppm caused a reduction in abundance of adult and larval 
bluegill sunfish population, and a greater number of structural deformities in fish 
collected from 1976 to 1978 than those found in previous years. These environmental 
concentrations are typically higher than the 90-day laboratory NOEC values for inorganic 
copper salts (0.012 to 0.021 ppm Cu) that are seen for larval and embryo survival in 
bluegill sunfish. Biesinger and Christensen (1972) estimated that the safe concentrations 
for chronic exposure of fathead minnow and Eastern brook trout to copper sulfate were 
0.0106 and 0.0095 ppm Cu, respectively. These concentrations are certainly lower than 
the long-term 30-day EEC values (0.017 ppm Cu) but are less than the 90-day EEC 
(0.0055 ppm Cu in soft water). However, the lowest long-term LOEC for lifecycle 
growth in the brown brook trout is 0.0045 ppm Cu. This is slightly less than the 90-day 
EEC that may adversely impact this species. Therefore, based on both field and 
laboratory data, the more sensitive species of fish including salmonids, fathead minnow, 
bluegill sunfish, northern squawfish, striped bass and channel catfish are likely to be 
adversely impacted by chronic exposure to inorganic copper salts in soft water. However, 
predicted MATC values indicate that salmonids, fathead minnows, bluegill sunfish and 
channel catfish are not likely to be adversely impacted by chronic exposure to inorganic 
copper salts in hard water since the level of concern for inorganic copper salts in hard 
water is less than 1.0 (Table 23B). These cases demonstrate potential acute and chronic 
impacts on a number of fish species.  
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Similar potential acute and chronic impacts from the inorganic copper salts, including 
copper sulfate, have been seen with free-swimming and benthic aquatic invertebrates. 
Similar to fish, the inorganic copper salts are more highly toxic to invertebrates in soft 
water than in hard water. While inorganic copper salts are typically 5- to 20-times more 
toxic against fish in soft water than in hard water, they are only 4- to 6-fold more toxic to 
invertebrates in soft water than in hard water (Table 8A). Based on the work of Urban 
and Cook (1985), ~25 of the 70 aquatic invertebrate species tested will exceed the high 
level of concern (RQ= 0.5) when they are exposed to copper sulfate. Some of the more 
sensitive species tested are the cladocerans (Tables 19 and 23A). These species appear to 
be particularly sensitive in soft water while similar species of aquatic invertebrates appear 
to be much less sensitive in hard water (Tables 8A, 19 and 23A). Under these hard water 
conditions, the acute RQ ranges between the low level of concern (0.1) and the high level 
of concern (0.5). Therefore, it is likely that biota of aquatic invertebrate species will be 
adversely impacted in both soft and hard water. However, in hard water, the effects of 
inorganic copper salts can be mitigated by the use of the product as a restricted use 
herbicide. Similar to the situation with fish, the toxicity of inorganic copper salts to 
aquatic invertebrates will be strongly impacted by water quality. Copper sulfate 
treatments applied to soft, low alkalinity, and low pH water with low apparent copper-
complexing capacity will be more toxic than copper sulfate treatments applied to hard, 
high alkalinity, and high pH water with a high apparent copper-complexing capacity. 
However, it does not appear likely that inorganic copper salts will adversely impact 
aquatic invertebrates in hard, high alkalinity and high pH water with a high apparent 
copper-complexing capacity if the product is applied as a restricted use herbicide (Tables 
8A, 8B, 18 and 23A).  
 
The same aquatic invertebrate species that are affected adversely by acute exposure to the 
inorganic copper salts will also be adversely impacted by chronic exposure to this 
product. For example, the 21- and 28-day EECs are 0.022 and 0.017 ppm Cu in soft 
water. Since the chronic risk quotient is higher than the long-term level of concern (1.0) 
for cladocerans (empirical and/or estimated MATC = 0.0021 to 0.012 ppm Cu; RQ =1.8 
to 6.4), amphipods (empirical and estimated MATC = 0.0036 to 0.0088; RQ = 1.9 to 2.2), 
rotifer (MATC = 0.012 ppm Cu; RQ = 1.42) and Streptocephalus probscideus (estimated 
MATC = 0.0163 ppm Cu; RQ = 1.045) in soft water, it is likely that the aquatic 
invertebrate biota will be at risk when chronically exposed to inorganic copper salts in 
soft water. Aquatic invertebrates will probably not be chronically affected by inorganic 
copper salts when exposed for 21 to 28 days in hard water. For example, the estimated 
MATC for arthropods in hard water is 0.10 to 0.50 ppm Cu (RQ = 0.013 to 0.25). 
Because the empirical or estimated chronic risk quotient is approximately equal to or 
lower than the long-term level of concern (1.0), it is unlikely that aquatic invertebrates 
will be adversely impacted by chronic exposure to inorganic copper salts in hard water. 
Biesinger and Christensen (1972) have determined that the safe level for exposure to 
inorganic copper salts for Daphnia magna in soft water is 0.022 ppm Cu and the safe 
level for exposure of Gammarus pseudolimnaeus in soft water is 0.0046 to 0.008 ppm 
Cu. Since the chronic NOEC value for Daphnia magna is approximately equal to the 21-
day EEC, it is likely that the cladocerans will not be adversely impacted by chronic 
exposure to the inorganic copper salts when the application rate is 0.062 ppm Cu. 
However, since the NOEC for Gammarus pseuodlimnaeus is ~0.006 and the 42-day EEC 
is 0.012 ppm Cu, it is likely that this amphipod species will be adversely impacted by 
chronic exposure to the inorganic copper salts when the application rate is (0.062 ppm 
Cu. Risk assessment from laboratory work done by Biesinger and Christensen (1978) and 
the current work indicates that the aquatic invertebrates will be adversely impacted by 
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acute or chronic exposure to inorganic copper sulfate under soft water conditions. 
However, aquatic invertebrates will not be impacted acutely or chronically when exposed 
to inorganic copper salts under hard water conditions. 
 
The field data confirms that the type of water present can strongly impact the effects of 
inorganic copper salts, including copper sulfate, on aquatic invertebrates. For example, 
standard use rates of copper sulfate (0.5 ppm = 0.125 ppm Cu) have eliminated limnetic 
zooplankton from freshwater lakes (Lake Jesse, New York) and estuarine lakes (Lake 
Maracaibo, Venezuela). Use of higher concentrations (1.7 ppm Cu) of copper sulfate in 
the Solomon Dam (North Queensland, Australia) killed almost the entire zooplankton 
population. However, long term effects were not seen. Similar concentrations eliminated 
Daphnia pulex from growth pools in Duluth (Minnesota) and the University of 
Washington (Washington State) for more than 60 days after application. However, lower 
applications rates (0.5 ppm Cu) retarded the development maximal cladoceran 
populations for 10 to 20 days longer than in the untreated controls. The destruction of fish 
foodstuff could have an adverse impact on the growth and development of young fish and 
hinder reproductive success in adult fish. It is unusual for fish to only eat certain foods. 
For example, it has been reported by Demayo et al (1982) and McIntosh and Kevern 
(1979) that one of the secondary effects seen when a water body is treated with copper 
sulfate is that fish will switch to other invertebrate foodstuffs if their preferred foodstock 
is eliminated.  
 
Copper sulfate is highly toxic to aquatic invertebrates and may produce both acute and 
chronic toxicity. However, judicious use of this product may prevent adverse acute and 
chronic impacts. For example, Neururer (1972) has found that the use of copper sulfate at 
rates that will control 90% of the aquatic vegetation should provide adequate safety for 
invertebrates. 
 
The aquatic invertebrate species with the greatest potential for chronic adverse impact are 
benthic organisms. After long-term exposure of benthic organisms to copper sulfate, 
numbers, diversity and dominant species can be affected. For example, Harman (1978) 
found that exposure of molluscan fauna in Moraine Lake (New York) to copper sulfate 
plus diquat dibromide caused the benthic communities to become atypical (much 
different) from lakes that had never been treated with this mixture. Hanson and Stefan 
(1984) and Bennett and Cubbage (1992) found that Lake Steilacoom and the Fairmont 
Lakes had lower invertebrate counts, lower diversity and different dominant organisms 
after treatment with copper sulfate at standard use rates for 25 and 58 years, respectively. 
Areas of these lakes that were less contaminated with copper would be predicted to have 
greater invertebrate counts and higher diversity than areas that had higher levels of 
contamination. While this was generally true in Lake Steilacoom, this correlation was not 
obvious in the Fairmont Lakes. However, after dredging, the benthic macroinvertebrate 
count increased from practically zero before dredging to ~1,000 to ~6,000 animals/meter2 
and, in general, the species diversity increased from 1 or 2 before dredging to 3 to 9 after 
dredging. This increase in numbers and diversity correlated well with the decrease in the 
levels of copper contamination which ranged from 120 to 5,600 ppm Cu before dredging 
to 93 to 1,593 ppm Cu after dredging. The dominant species generally changed in Lake 
Steilacoom according to the level of pollution. In the relatively unpolluted north basin of 
Lake Steilacoom, the dominant species were the pollution intolerant Ophidonais 
serpentina and Simocephalus vetulus. However, in the highly polluted south basin, the 
dominant species were the pollution tolerant Chironomus spp. and Bothrioneurum 
vejdovskyanum. Areas of Lake Steilacoom with dense algal mats also had higher benthic 
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community counts than areas without dense algal mats. This was believed to be because 
mat inhabitants, which do not represent the infaunal community, were protected from the 
effects of toxic sediment. Sediment with concentrations of copper <50 ppm generally is 
not considered to be seriously contaminated. However, sediment with copper 
concentrations (110 ppm Cu have been considered by the Ontario Provincial (sediment) 
Guidelines to produce pronounced impacts on benthic organisms (Persaud et al, 1992 in 
Serdar, 1995).  These guidelines recommended that copper products (particularly copper 
sulfate) not be applied when sediment copper concentrations exceed 110 ppm Cu or the 
levels in the water column exceed acute (0.00795 ppm Cu) or chronic (0.00564 ppm Cu) 
water quality criterion. This is only a general rule since the concentrations of copper in 
sediment may or may not adversely impact fish and aquatic invertebrate species. If 
stream-side tests or laboratory acute and chronic tests can be conducted on fish and 
invertebrates with water that will be treated, a better idea of the toxicity of copper sulfate 
may be obtained for a particular water body. If the toxicity of copper in this “real 
situation” water provides a 10- to 20-fold safety factor based on the time-weighted EEC, 
copper sulfate may be applied without serious likelihood of adverse impact. However, if 
a safety factor of only 2- to 5- fold is indicated by these studies, copper sulfate should not 
be used or only used when fish-kills can be tolerated or the product can be applied as a 
restricted use herbicide.  
 
Although the EPA permits the use of copper sulfate and the commercial copper-
complexes at rates up to 1.0 ppm Cu without restriction, rates of copper sulfate as low as 
0.25 to 0.125 ppm Cu may be toxic in either soft or hard water to sensitive species like 
salmonids, striped bass and channel catfish or cladocerans, amphipods, branchiopods or 
pond snails (Majewski et al, 1979 and Whitaker et al, 1978). While copper sulfate 
probably cannot be used safely in soft water, it can be used in hard water without serious 
impact to aquatic organisms. These organisms can be exposed at rates as high as 0.062 
ppm Cu (particularly if the concentrations are not higher than 0.025 to 0.040 ppm Cu) 
without serious impact (Whitaker et al, 1978 and Wagemann and Barica, 1979). There is 
some disagreement on when copper sulfate or the commercial copper-complexes can be 
used safely. The Maine Department of Environmental Protection (1976), Smith (1935) 
and de Zambrane (1979) indicate that the use of copper sulfate is probably not advisable 
since significant numbers of fish will be destroyed when copper sulfate is used at 
standard use rates (0.5 ppm = 0.125 ppm Cu). However, Masuda and Boyd (1983) 
indicate that even sensitive fish species should be spared if the molar copper sulfate 
concentrations (as cupric copper) do not exceed 1% of the total alkalinity. 
 
The LC50s of copper sulfate in soft water for all short-term exposure periods (1 to 4 
days) are less than the time-weighted EEC, when the application rate is 0.062 ppm Cu, 
for almost all of the fish and invertebrate species tested. Therefore, it is the opinion of 
risk assessors using the ECOFRAM (Ecological Committee on FIFRA Risk Assessment 
Methods) that copper sulfate is likely to cause adverse impact to the fish and aquatic 
invertebrate biota when applied to soft water at all standard use rates. However, the LC50 
of copper sulfate in hard water for all short-term exposure periods is less than the time-
weighted average EEC in only about 10% of the species test. Therefore, it seems unlikely 
that copper sulfate will have adverse impact on the fish and invertebrate biota when it is 
applied at concentrations below 0.062 to 0.125 ppm Cu to hard water. However, there 
may not be a sufficient margin of safety on endangered salmonids if the higher use rate is 
used in hard water since concentrations of 0.25 ppm Cu as copper sulfate are toxic to 
salmonids even in hard (437 ppm CaCO3), high alkalinity, high pH (8.0 to 9.4) water 
(Whitaker et al, 1978). This approach uses the following logic: “In situations in which the 
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90th percentile for exposure is greater than the 10th percentile for toxicity, the margin of 
safety is less than 1.0 and indicates a significant risk to the aquatic animal communities. 
Margins of safety greater than 1.0 indicate that the distributions do not overlap [minimal 
risk to aquatic organisms” (Campbell et al, 2000)]. This approach also uses the 
assumption that all species within a water body need not survive. However, if 90% of the 
species survive at exposure concentrations that are less than or equal to the 90% 
percentile, the regional aquatic biota should not be adversely impacted since less than 1% 
(0.1 x 0.1 = 0.01) of the species in the region will be adversely impacted by acute 
exposure to copper sulfate. 
 
In general, the commercial copper-complexes should be less toxic to fish and aquatic 
invertebrates than the inorganic copper salts including copper sulfate (Tables 8A, 18 and 
23A). Although acute data has been collected with the commercial copper-complexes, 
chronic data is lacking for these products. The copper-EDA complexes like Komeen® 
have limited toxicity to most fish species that were tested. Komeen® has an LC50 of 5.4 
to 558 ppm Cu for most species of fish. In these cases the acute risk quotient does not 
exceed the low level of concern (0.1) when the product is used at 0.5 to 1.0 ppm Cu. At 
these concentrations the typical 4-day EEC for Komeen® ranges from 0.032 to 0.064 
ppm Cu when the half-life is assumed to be 0.18 days. This is a reasonable assumption 
based on the laboratory work of Spare (1996a) and the field dissipation work of Rodgers 
et al (1992). Their work yielded half-life values for Komeen® ranging between 0.07 days 
for laboratory aerobic aquatic metabolism experiments and 0.18 days in field tests 
conducted in the Guntersville Reservoir (Alabama). Even the rainbow trout (LC50 = 4.6 
ppm Cu) is not adversely impacted by Komeen® in hard water since the acute risk 
quotient is below the low level of concern (RQ = 0.007 to 0.014). However, in soft water 
Komeen® is much more toxic to rainbow trout (LC50 = 0.076). Therefore, use of 
Komeen® at even the lowest recommended use rate for the control of Hydrilla (0.75 ppm 
Cu; 4-day EEC = 0.049 ppm Cu) will probably have an adverse impact on rainbow trout 
and other salmonids when Komeen® is applied to soft water (RQ = 0.64) since the high 
level of concern for acute exposure is exceeded. Based on these observations, Finlayson 
(1980) concluded that “when salmonids are present the use of Komeen® for Hydrilla 
control without extensive fish losses is questionable.” However, “it appears that Hydrilla 
can be controlled without acute toxicity to warm water fishes (bluegill sunfish and golden 
shiner)”. Furthermore, even species like striped bass that are known to be affected by 
other copper products (copper sulfate with LC50 = 0.1 ppm Cu and Cutrine® with LC 50 
= 0.01 to 0.1 ppm Cu) will probably not be adversely impacted by Komeen® (LC50 = 
320 ppm Cu).  
 
Field-tests with Komeen® generally support the conclusion that its use to control aquatic 
weeds does not harm fish. Bain and Boltz (1992) found that treatment with Komeen® at 
0.3 ppm plus 0.3 ppm diquat did not adversely impact abundance, size structure, 
condition or movement of largemouth bass within the treatment area. Rodgers et al 
(1992), using a similar rate, found the mixture was not harmful to non-target aquatic 
resources. They concluded that “ The margin of safety (the concentration of herbicides 
used for aquatic plant control versus the concentrations that harm non-target aquatic 
resources such as insects, zooplankton and fish) for these herbicides was clearly 
illustrated by the lack of harmful effects on non-target aquatic resources such as sport fish 
and molluscs.” However, “additional work is recommended on copper in the Guntersville 
Reservoir because copper-based herbicides are important in the aquatic plant 
management program of this reservoir and sediment concentrations are of concern for 
non-target species such as molluscs” (Rodgers et al, 1992). It is anticipated that similar 
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copper-EDA complexes (i.e. Nautique™) also have potentially adverse impacts on 
salmonids in soft water but will not adversely impact warm water species, particularly 
when applied to hard water.  
 
Other commercial copper products like K-Tea™, Cutrine® and Copper Control® are also 
safer to fish and aquatic invertebrates than the inorganic copper salts, including copper 
sulfate. Although acute data has been collected with these commercial copper-complexes, 
chronic data is lacking for these products. The Copper-TEA complexes like Cutrine®, K-
Tea™ and Copper Control® have limited toxicity to fish and aquatic invertebrates in 
hard water. For example, Cutrine® is not significantly toxic to rainbow trout (LC50 = 4.0 
ppm Cu), Hamilton’s carp (LC50 >0.85 ppm Cu), rohita carp (LC50 = >0.85 ppm Cu), 
bluegill sunfish (LC50 = 7.5 ppm Cu), channel catfish (1.878 ppm Cu), mosquito fish 
(LC50 = 2.9 ppm Cu), bluegill sunfish (LC50 = 7.5 ppm Cu), largemouth bass (6.4 ppm 
Cu) or green sunfish (11.6 ppm Cu) when it is applied to intermediately hard to hard 
water. Under these hard water conditions the acute risk quotient (RQ = 0.034 to 0.1) is 
usually lower than the low level of concern (0.1).  Therefore, the fish biota will probably 
not be adversely impacted when exposed to Cutrine® at application rates lower than 0.5 
ppm Cu (4-day EEC = 0.4 ppm assuming a half-life of ~6.0 days). However, higher use 
rates (1.0 ppm Cu with 4-day EEC = 0.8 ppm Cu) may cause adverse impacts on rainbow 
trout in hard water since the acute risk quotient (0.2) is higher than the low level of 
concern but lower than the high level of concern (0.5). Nevertheless, since the high level 
of concern is not exceeded, it is expected that Cutrine® will have its adverse impact on 
trout, and similarly sensitive species, mitigated when it is used as a restricted use 
herbicide. As with Komeen®, Cutrine® appears to be fairly toxic to sensitive species of 
fish in soft water. For example, LC50s range from 0.01 to 0.1 ppm Cu (RQ = 4.0 to 40) 
in soft water on sensitive species like rainbow trout, striped bass and channel catfish. 
Furthermore, more tolerant species like bluegill sunfish (LC50 = 1.4 ppm Cu, RQ = 0.3), 
and green sunfish (LC50 = 0.94 ppm Cu, RQ = 0.4) may be adversely impacted in soft 
water. Since the acute risk quotient in soft water exceeds the high level of concern (0.5) 
for the most sensitive species tested, it is likely that Cutrine® will adversely impact the 
fish biota when the soft water is treated at rates of 0.5 to 1.0 ppm Cu. Furthermore, even 
the less sensitive warm water species are likely to be adversely impacted in soft water 
when the Cutrine® is used at the highest recommended treatment rate (1.0 ppm Cu with 
4-day EEC = 0.8 ppm Cu). However, rates of 0.5 ppm Cu can probably be mitigated by 
its application as a restricted use herbicide. Unfortunately, it is not entirely clear how 
effective the Copper-TEA complexes like Cutrine®, K-Tea™, Clearigate® or Captain™ 
will be when applied at rates of 0.5 ppm or lower to control algae, Hydrilla verticillata or 
other aquatic plants. For example, the lowest use rate of Cutrine®, K-Tea™, Clearigate® 
or Captain™ recommended for the control of the algae Chara and Nitella is 0.4 to 0.5 
ppm Cu. However, it is indicated on the label that lower concentrations of these products 
(0.1 to 0. 2 ppm Cu) may be effective in controlling planktonic and filamentous algae. 
Cutrine®, K-Tea™, Captain™ and Clearigate® are also recommended for the control of 
Hydrilla verticillata and Clearigate® is recommended for the control of several other 
submersed species at rates ranging from 0.4 to 1.0 ppm Cu. However, lower use rates are 
recommended only for more sensitive plant species and/or early in the season when the 
plant density is low. 
 
Cutrine® is not significantly toxic to several species of invertebrates in soft water, 
moderately hard water, hard water and seawater. For example, Cutrine® has low toxicity 
to the fresh water species (Alonella sp., Cypria sp., Eucyclops sp. and Diapotomus sp.) in 
soft and hard water with LC50s ranging from 9.9 to 18.5 ppm Cu. The most sensitive 
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species is the grass shrimp that is found in estuarine and marine environments with an 
LC50 = 4.8 ppm Cu. Other estuarine and marine species like blue shrimp or fiddler crab 
are generally unaffected by exposure to Cutrine® (LC50 = 19 to 156 ppm Cu). Since the 
acute risk quotients (RQ = 0.042 to 0.167) are approximately equal to or less than the low 
level of concern (0.1), it seems unlikely that the invertebrate segment of the biota will be 
adversely impacted by short-term exposure to Cutrine®. 
 
Field-tests, and tests designed to mimic field tests, indicate that higher use rates of 
Cutrine® plus diquat may have adverse impacts on indigenous fish species. For example, 
Simonin and Skea (1977) estimated that rates of 1 gallon Cutrine® formulation/acre plus 
1 gallon diquat formulation would have adverse impact on fingerling brown trout because 
the concentration of Cutrine® plus diquat could range from 0.093 plus 0.245 to 0.28 plus 
0.735 ppm Cu, which exceeds the LC50 of Cutrine® (0.198 ppm Cu) or does not provide 
a sufficient margin of safety to protect the brown trout from the effects of Cutrine® plus 
diquat. Furthermore, lower concentrations of Cutrine® plus diquat (0.1 gallon Cutrine® 
formulation/acre plus 0.9 gallon diquat formulation/acre = 0.0093 plus 0.22 to 0.028 plus 
0.66 ppm) would probably be safe to fingerling brown trout, but whether or not these 
concentrations of Cutrine® plus diquat would control aquatic vegetation is questionable. 
Since Cutrine® plus diquat is a synergistic mixture to brown trout, it is likely that higher 
dosages of this mixture will be toxic to indigenous fish species when applied in the field. 
For example, Cutrine® plus diquat at 2.2 plus 3.0 ppm killed all the indigenous fish 
species in a microcosm at Franklin (Wisconsin) within 24 hours of application to control 
Siberian watermilfoil (Myriophyllum exalbescens) and algae. However, Cutrine® plus 
endothall (2.2 plus 3.0 ppm), Cutrine® plus diquat plus endothall (2.2 plus 1.5 plus 1.5 
ppm) did not harm indigenous fish populations but were effective in controlling Siberian 
watermilfoil and algae (Daniel, 1972). While application of Cutrine® alone (2.2. ppm) 
also spared indigenous fish populations, this application was somewhat less effective in 
controlling algae and Siberian watermilfoil. Algae was controlled in 1 to 4 days after 
treatment and Siberian watermilfoil was controlled 8 to 24 days after treatment. The other 
preparations also controlled algae and Siberian watermilfoil but could take 4 to 8 days to 
control algae and 24 to 40 days to control Siberian watermilfoil. Field studies also 
indicate that application of 2.0 ppm Cutrine® formulation controls the blue-green algae 
(Anabaena spiroides) and the diatom (Peridinium inconspicuum) without harming 
zooplankton like Brachionus sp. and Cyclops sp. and permitting the bloom of more 
desirable algae species (Patnaik, 1980). It therefore, seems likely that the Copper-TEA 
complexes can be used effectively to control algae and weeds providing that the water 
hardness and alkalinity are not excessively low. However, the labels warn that the 
Copper-TEA complexes may be toxic to trout and other sensitive fish species including 
ornamental carp. The toxicity of these products to fish is particularly high in soft, low 
alkalinity water with low pH and the label warns that these products should not be used 
when the carbonate water hardness is less than 50 ppm or the pH is less than 6.0. 
Matsuda and Boyd (1983) have indicated that Cutrine® and other commercial copper-
complexes can be used without causing fish-kills if they are applied at molar copper 
equivalence rates that do not exceed 1% of the total alkalinity. However, the use of 
Cutrine® or the other commercial copper-complexes to control Hydrilla or other aquatic 
vascular weeds may still cause extensive fish losses. The Maine Department of 
Environmental Protection has found that commercial copper-complexes and the inorganic 
copper salts, including copper sulfate, has not affected long-term control of algae and 
presumably other aquatic vegetation and has failed to control these species in the short-
term in some cases. Furthermore, these copper products are unpredictable in their toxicity 
to fish (LC50 = 0.002 to 2,000 ppm) and present a hazard to sediment organisms since 
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they have been shown to bioaccumulate copper to very high levels. Because of these 
factors, the Department of Environmental Protection has recommended that the 
application of copper compounds for control of algae in Maine’s soft waters be 
discontinued.  
 
Long-term or chronic studies on fish and invertebrates have not been conducted with the 
commercial copper-complexes. However if the predicted NOEC/MATC for Komeen®, 
K-Tea™, Cutrine® and Copper Control® is similar to that predicted by the 
LC50/(acute/chronic ratio) for inorganic copper salts, it may be possible to estimate the 
long-term chronic effects of these products on fish and aquatic invertebrates. Since the 
predicted NOEC/MATC for Komeen® (0.0090 to 66 ppm Cu) is greater than the 28-day 
EEC (0.0046 to 0.0092 ppm Cu) it seems likely that Komeen® will not adversely impact 
fish if they are exposed to Komeen® at treatment rates of 0.5 to 1.0 ppm Cu. Since the 
predicted chronic risk quotient (0.50 to 1.0) is approximately equal to the long-term level 
of concern when rainbow trout are exposed to Komeen® in soft water, the more sensitive 
species of salmonids may be adversely impacted. However, treatment of the Guntersville 
Reservoir for 29 to 100 days with Komeen® plus diquat at rates ranging from 0.3 plus 
0.3 ppm to 0.4 plus 0.4 ppm Cu does not cause any observable harmful effects on game 
fish including the largemouth bass (Bain and Boltz, 1992 and Rodgers et al, 1992). 
Overall results provided no evidence that localized herbicide applications change the 
abundance, size structure, condition or movement of largemouth bass (Bain and Boltz, 
1992). However, the copper-TEA complexes, have greater potential for long-term 
adverse impact on fish when they are applied at rates of 0.5 to 1.0 ppm (28 day EEC = 
0.15 to 0.30 ppm Cu) particularly in soft water. In soft water, the copper-TEA complexes 
(K-Tea™, Cutrine® and Copper Control®) have predicted long-term risk quotients that 
exceed the chronic level of concern (1.0) on sensitive species like rainbow trout 
(predicted MATC = 0.0036; RQ = 42 to 84), striped bass (predicted MATC = 0.0012 to 
0.012; ppm Cu; RQ = 12.6 to 152) or channel catfish (predicted MATC = 0.0061 ppm 
Cu; RQ = 49). However, in hard water these risk quotients do not exceed the long-term 
level of concern on similar species. Therefore, it seems likely that the more sensitive 
species of the biota including salmonids, striped bass and channel catfish will be 
adversely impacted from the chronic exposure to Copper-TEA complexes in soft water. 
However, it seems unlikely that warm water species would be affected adversely by the 
chronic exposure to Copper-TEA complexes in hard water. In water with intermediate 
hardness, the lower dosages will probably not adversely impact reproduction, 
development or growth, but application rates as high as 1.0 ppm Cu may have chronic 
adverse impact on both the sensitive cold water fish species and the less sensitive warm 
water fish species. Similar calculations indicate that Cutrine® will not have adverse 
chronic impact on aquatic invertebrate biota in soft water, hard water or seawater. This is 
because the predicted chronic risk quotients (0.042 to 0.18) do not exceed the long-term 
level of concern (1.0) when the application rate for Cutrine® is as high as 1.0 ppm Cu. 
 
The only long-term fieldwork conducted with copper-TEA complexes was done with 
mixtures of Cutrine® plus diquat when apple snails were present. Copper associated with 
detritus at concentrations of up to 150 ppm Cu had no effect on the growth or survival of 
apple snails in field cages and tank studies. Application of Cutrine® plus diquat at 
recommended rates (6 gallons Cutrine®-Plus formulation/surface acre plus 2 gallons of 
diquat formulation/surface acre) poses no threat to apple snails in the organically rich 
waters of southern Florida’s Loxachatchee National Wildlife Refuge (Winger et al, 
1984).  
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Other potential adverse impacts of copper products include adverse respiratory impact on 
bluegill sunfish and rainbow trout exposed to inorganic copper salts at concentrations 
between 0.25 to 0.5 ppm Cu and 0.030 to 0.060 ppm Cu, respectively (Anderson and 
Spear, 1980 and Seller et al, 1979 in Harrison, 1986). Even lower concentrations <0.001 
ppm Cu have caused teratogenesis in rainbow trout and concentrations ranging between 
0.0015 and 0.0029 ppm Cu have suppressed the immune system in brown trout (O’Neill, 
1981 in Harrison, 1986). Long-term exposure to low levels of inorganic copper salts 
(between 0.0085 and 0.017 ppm Cu) has caused biochemical signs of stress in Eastern 
brook trout. Short-term exposure to inorganic copper salts at rates of 0.00635 to 0.0635 
ppm Cu raises the plasma cortisol levels in sockeye salmon. Higher levels of inorganic 
copper salts (0.5 ppm Cu) also increase biochemical and histopathological signs of stress 
in rainbow trout and goldfish (Williams and Wooten, 1981 and Karan, 1998). Very low 
concentrations of copper sulfate (0.05 ppm Cu) appear to damage the sense of smell in 
rainbow trout (Starcevic and Zielinski, 1997) and other fish. This damage may be 
reflected in the ability of rainbow trout, Japanese eel and Atlantic salmon to avoid 
concentrations of copper sulfate as low as 0.0001, 0.001 and 0.004 ppm Cu, respectively, 
which are apparently quite irritating to olfactory tissue (Zhu, 1990, Folmar, 1978 and 
Folmar, 1976). The ability of Coho and sockeye salmon smolts to adapt to seawater after 
exposure to inorganic copper salts, including copper chloride and copper sulfate, has been 
noted at concentrations as low as 0.01 to 0.030 ppm Cu (Davis and Shand, 1978b in 
Demayo et al, 1982, Lorz and McPherson, 1976 and Bouck and Johnson, 1979). The 
ability of juvenile smolt Coho salmon to migrate downstream and adult Atlantic salmon 
parr to migrate upstream can also be impacted by extremely low concentrations of 
inorganic copper salts (0.005 to 0.03 ppm Cu for Coho salmon and 0.038 ppm Cu for 
Atlantic salmon). Similar concentrations (0.044 ppm) of inorganic copper salt may 
prevent Atlantic salmon from identifying home stream water (Klaprat et al, 1992). It has 
also been observed that 0.017 ppm Cu of inorganic copper salt will cause adult Atlantic 
salmon parr to migrate downstream, presumably, in attempt to avoid this irritating 
concentration of copper. These effects do not lead to lethal acute toxicity. However, 
concentrations of inorganic copper salts, and possibly the commercial copper-complexes 
that may be found in the environment, could influence the ability of fish to feed, migrate, 
find mates, breed and resist disease which could lead to more subtle, and as yet, 
unverified chronic exposure effects.  
 
When copper sulfate was first introduced for the control of nuisance algae concentrations 
of 0.5 ppm (0.125 ppm Cu) would control most species of algae without damaging most 
species of aquatic vascular plants (Smith (1935). However, more recent studies indicate 
that algae (particularly, blue green-algae) can develop resistance to copper sulfate after 
long-term use. For example, 0.13 to 0.21 ppm copper sulfate (0.0325 to 0.0525 ppm Cu) 
was effective in 1927 for controlling algal blooms in the Fairmont Lakes, but by the 
1960s and 1970s, dosages as high as 2.09 ppm copper sulfate (0.525 ppm Cu) were often 
ineffective in controlling the blue-green algae (Hanson and Stefan, 1984). The risk 
quotients generated, assuming treatment with inorganic copper salts at rates as low as 
0.062 to 0.125 ppm Cu, are high to very high (RQ = >0.5 to >1.0) for many species of 
green and blue-green algae except in cases where the apparent copper-complexing 
capacity is very high. Treatment rates as low as 0.005 to 0.010 ppm often adversely 
impact blue-green algae like Aphanizomenon and Anabaena while the green algae like 
Oocystis and the diatoms like Melosira will not be affected. It has been reported by 
Whitaker et al (1978) and Horn and Goldman (1974) that concentrations as low as 0.025 
to 0.040 ppm Cu will control blue-green algae while sparing sensitive fish like rainbow 
trout. These concentrations will control blue-green algae in hard water lakes like Clear 
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Lake (California) or prairie pothole lakes in Manitoba (Canada) without killing sensitive 
salmonids. However, these concentrations have the potential to destroy sensitive 
salmonid populations in soft water lakes like Sylvia Lake [Washington (Serdar, 1995)]. 
The 4-day EEC values for copper sulfate and the commercial copper-complexes were 
generated from two assumptions. 1) Treatment of a whole water body with 0.062 ppm Cu 
as copper sulfate and a linear dissipation with a 5.5-day half-life in soft water and a 2.0-
day half-life in hard water (Serdar, 1995 and Wagemann and Barica, 1979). 2) Treatment 
with Komeen® or Cutrine® at rates ranging from 0.5 to 1.0 ppm Cu with the assumption 
that Komeen® dissipates with a 0.18-day half-life and Cutrine® dissipates with a 6.0-day 
half-life (Serdar, 1996; Rodgers et al, 1992, and Gangstad, 1978). Therefore, there is 
likely to be a significant impact on non-target algae and plants in the treatment zone from 
treatment with inorganic copper salts including copper sulfate or the copper-TEA 
complexes like Cutrine®, K-Tea™, Clearigate® or Captain™. However, Komeen® and 
Nautique™, which are registered for the suppression of aquatic vascular plants, may have 
a fairly low impact on algal species.  
 
Field data on plants indicates that the above risk assessment is valid. Copper sulfate will 
generally control algae at standard use rates of 0.5 ppm (0.125 ppm Cu) but have 
controlled algae at concentrations as low as 0.025 to 0.04 ppm Cu (Smith, 1935 and 
Whitaker et al, 1979). Komeen® has effectively controlled Hydrilla verticillata and 
Myriophyllum spicatum at rates that range from 0.5 to 1.0 ppm. Control was achieved 
within 4 weeks after initial treatment with Komeen®. However, Cutrine®, K-Tea™, 
Cutrine® plus diquat or K-Tea™ plus diquat appear to be ineffective in controlling 
Hydrilla verticillata or Myriophyllum exalbescens except at very high concentrations. For 
example, Cutrine® plus diquat or K-Tea™ plus diquat at rates of 4 gallons/acre 
commercial copper-complex plus 2 gallons per acre diquat was ineffective in controlling 
Hydrilla verticillata in the Cocoplum Waterway [Florida (Myers and Stoner, 1974)]. 
Cutrine® plus diquat applications (18.7 plus 18.7 liters/hectare = ~ 2.0 plus 2.0 
gallons/acre) were also only partially effective or ineffective in controlling Hydrilla 
verticillata in Reedy Creek and Lake Anne (North Carolina). Cutrine® alone at 84 
liters/hectare (~10 gallons/acre = 2.0 ppm) was only partially effective in Reedy Creek in 
controlling Hydrilla verticillata, but it was somewhat more effective and regrowth was 
slower than when mixtures of Cutrine® and diquat were used to control this species. 
However, use of Cutrine® plus diquat (2.2 plus 3.0 ppm) was effective in controlling 
Myriophyllum exalbescens and algae after one treatment, but this treatment caused 
extensive fish-kills 1 day after treatment. Treatments with Cutrine® plus endothall (2.2 
plus 3.0 ppm) or Cutrine® plus diquat plus endothall (2.2. plus 1.5 plus 1.5 ppm) were 
similarly effective in controlling this aquatic weed and algae without causing fish-kills. 
The use of Cutrine® alone (2.2 ppm Cu) controlled Myriophyllum exalbescens and algae 
but took more time after application to achieve control (Daniel, 1972). After 
Myriophyllum exalbescens was removed by treatments with Cutrine® plus diquat, 
Cutrine® plus endothall, Cutrine® plus diquat plus endothall or Cutrine® alone, it 
generally did not grow back for at least a year. Potamogeton foliosus apparently 
suppressed the re-growth of Myriophyllum exalbescens due to more rapid initial growth 
of Potamogeton foliosus after treatment and effective competition by P. foliosus after 
establishment.  
 
In conclusion, the inorganic copper salts including copper sulfate can probably not 
be used safely in soft water for the control of algae. However, careful applications to 
hard water so that the cupric copper does not exceed 1% of the total alkalinity may 
preserve fish and invertebrate species in water bodies where the hardness exceeds 
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50 ppm CaCO3 and the alkalinity exceeds 50 ppm CaCO3.  Copper sulfate is 
probably unsafe in soft water (<50 ppm Cu) at rates as low as 0.062 ppm Cu since 
the concentrations of copper in a treated lake or the outflow stream can exceed 0.03 
ppm for up to 4 days after treatment. Since the LC50 of copper in soft water can be 
very low (<0.03 ppm Cu) for a very large percentage of the resident biota (fish and 
aquatic invertebrates), an insufficient margin of safety is likely to exist at levels 
where toxicity is expected to occur. However, in hard water, most species of fish and 
invertebrates will be protected from the acute effects of copper sulfate at 
concentrations up to 0.125 ppm Cu. However, concentrations of 0.125 ppm Cu as 
copper sulfate are likely to slow the growth rate of more sensitive species like 
salmonids and channel catfish. Most species of fish and invertebrates can withstand 
treatment rates of 0.062 ppm Cu in hard water. However, greater margins of safety 
are provided if the treatment rate is not higher than 0.025 to 0.04 ppm Cu. 
 
The toxicity of copper sulfate in the laboratory does not accurately predict its 
toxicity in the field. Laboratory tests with copper sulfate should be done with the 
water that is to be treated to assure that the maximum treatment rate does not 
exceed the safe concentration of copper sulfate. Laboratory work with soft water 
indicates that the safe level for treatment with copper sulfate may not be higher 
than 0.0046 to 0.022 ppm Cu with invertebrates like Gammarus pseudoimnaeus or 
Daphnia magna and approximately 0.010 ppm Cu for fish like Salvelinus fontinalis 
or Pimephales promelas. In experiments where real run water was used, the safe 
concentrations of copper sulfate in Shayler Run with high apparent copper-
complexation capacity may be as high as 1.1 to 1.7 ppm Cu. The safe concentration 
of copper sulfate in runs with a low apparent copper-complexation capacity may be 
as low as 0.029 to 0.046 ppm Cu. Copper sulfate should only be used in those 
situations where the concentration that is likely to control algae or Potamogeton 
pondweeds is unlikely to adversely impact the resident fish and aquatic invertebrate 
biota. Concentrations ≥ 0.062 ppm are likely to control algae species, while it may 
take continuous exposure to copper sulfate at rates up to 0.2 ppm Cu to control 
Potamogeton pondweeds. Concentrations of copper sulfate in flowing water like that 
found in irrigation canals and laterals may be less toxic to fish and invertebrate 
species than in lentic conditions (ponds, lakes and reservoirs). For example, 
maximum concentrations of copper sulfate at continuous rates of 0.2 ppm Cu in 
irrigation canals are unlikely to adversely impact indigenous fish and invertebrate 
species. However, treatment rates that are this high in ponds, lakes and reservoirs 
are likely to be toxic to the more sensitive species like salmonids, striped bass, 
catfish, fathead minnow and bluegill sunfish (LC50 = 0.013 ~0.2 ppm Cu). The 
lower toxicity of copper sulfate in moving water can be due to decreased exposure 
times, rapid adsorption of copper onto suspended sediment particles, lower 
temperatures and higher dissolved oxygen content typically found in moving water. 
Young or small fish or invertebrates of the same species are usually more sensitive 
to the toxic effects of copper sulfate.  
 
Fish and aquatic invertebrates are less sensitive to the effects of the commercial 
copper-complexes than to the inorganic copper salts including copper sulfate. The 
commercial copper-complexes include the copper-EDA complexes like Komeen® 
and Nautique™ and the copper-TEA complexes like Cutrine®, Copper Control ®, 
K-Tea™, Clearigate® and Captain™. Komeen® appears to have a low toxicity to 
most fish species, particularly in hard water. For example, the LC50s of Komeen® 
in hard water even for species like rainbow trout, and striped bass is very high. The 
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LC50 on rainbow trout in hard water ranges from 4.6 to 46.0 ppm Cu and the LC50 
on striped bass ranges from 320 to 344 ppm Cu. Since Komeen® has a very short 
half -life (<1 day), it seems unlikely that it will adversely impact most sensitive fish 
species when applied at rates ranging from 0.5 to 1.0 ppm Cu. Komeen® is more 
toxic to fish species in soft water than hard water. However, of the species tested 
only rainbow trout appears to be extremely sensitive to Komeen® in soft water 
(LC50 = 0.076 ppm Cu). Other species of fish, like bluegill sunfish and golden 
shiner, are not likely to be adversely affected by Komeen® when it is applied to soft 
water; LC50 = 30 and 5.4 ppm Cu, respectively. This conclusion was reached based 
on the low 4-day EEC values that have been estimated for Komeen ® (0.034 ppm 
Cu). With this short-term time-weighted EEC only the rainbow trout risk quotient 
(0.421) was higher than the low level of concern for short-term exposure (0.1). 
Nevertheless, since the acute risk quotient is below the high level of concern for 
short-term exposure (0.5), it is likely that Komeen® can be applied as a restricted 
use herbicide without adversely impacting the fish biota providing that the 
application rate is not higher than ~0.5 ppm Cu. Higher application rates (1.0 ppm 
Cu) may be acutely toxic to rainbow trout in soft water. Although the use of 
Komeen® is generally believed to be safe when warm water fish are present, the use 
of Komeen® at rates typically used to control aquatic vascular plants (0.5 to 1.0 
ppm Cu) without extensive fish loss when salmonids are present is questionable. 
Laboratory tests with Komeen® on aquatic invertebrate species have not been 
conducted. Field studies support the toxicity data obtained by laboratory toxicity 
tests and use of Komeen® plus diquat at rates up to 0.4 plus 0.4 ppm has been 
demonstrated to be safe when non-target species like insects, zooplankton, molluscs 
and game fish are exposed. Komeen® is also believed to be safe to fish when they are 
chronically exposed to it since the estimated MATC for Komeen® (0.009 to 66 ppm 
Cu) is much higher than the 28-day EEC (0.0046 to 0.0082) and the risk quotient 
(0.0001 to 1.0) is less than or equal to the chronic level of concern (1.0) for all fish 
species tested. Since Nautique™ and Komeen® are similar formulations, 
Nautique™ will probably also be safe for use in suppressing aquatic vascular plants. 
 
The safety of Cutrine®, Copper Control® or K-Tea™ and other copper-TEA 
complexes should be examined further before it is extensively used to control 
Hydrilla verticillata or algae when sensitive species of fish are present. Cutrine®, 
Copper Control® and K-Tea™ are toxic to sensitive fish species in soft water like 
rainbow trout (LC50 = 0.03 ppm Cu), striped bass (LC= 0.01 to 0.1 ppm Cu) and 
channel catfish (LC50 = 0.051 ppm Cu). Even the less sensitive warm water fish (i.e. 
various sunfish) may be sensitive to these products in soft water (LC50 = ~1.0 ppm 
Cu). However, in hard water, it is unlikely that even sensitive species like rainbow 
trout (LC50 = 4.0 ppm Cu) or channel catfish (LC 50 = 1.8 ppm Cu) will be 
adversely affected by typical Cutrine® or K-Tea™ treatment rates (0.2 to 1.0 ppm 
Cu) used to control algae and Hydrilla verticillata. These conclusions are supported 
by the formal risk assessment, which indicates that the acute risk quotient (0.3 to 
80.0) exceeds the low level of concern (0.1) in soft water on both the highly 
susceptible cold water species and the less susceptible warm water species. For the 
warm water species, like sunfish, the acute toxic effects of the copper-TEA 
complexes can probably be mitigated by application of the products as restricted use 
herbicides. However, cold water fish are likely to be adversely impacted when 
exposed to these products at standard use rates and it is unlikely that these effects 
can be easily mitigated. This is not surprising since the labels for the copper-TEA 
complexes warn that these products may be toxic to trout and other sensitive species 
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like koi and goldfish when they are applied at typical use rates and the carbonate 
hardness is less than 50 ppm. There are conflicting opinions on whether Cutrine® 
or other copper-TEA complexes can be used in the field without significant fish-kill. 
Fish-kills are apparent at high dosages of Cutrine® plus diquat (2.0 plus 3.0 ppm), 
but Cutrine® by itself (2.0 ppm Cu) or in combination with endothall (2.0 plus 3.0 
ppm) do not cause significant fish-kills. However, based on similar risk assessment 
procedures, Cutrine® may spare many species of aquatic invertebrates when they 
are exposed at rates up to 1.0 ppm in soft water, hard water or seawater. This is 
because the LC50s for these aquatic invertebrates range from 4.8 ppm Cu for the 
grass shrimp to 156 ppm Cu for the fiddler crab. The freshwater species tested with 
Cutrine® included various crustacean Orders including Cladocera, Ostracoda, 
Copepoda and Calanoida. These Orders were all tolerant of short-term exposure to 
Cutrine® (LC50 = ~10 to 18.5 ppm Cu). No laboratory chronic exposure tests were 
done. However, no chronic effects are anticipated from the exposure of aquatic 
invertebrates based on estimates of the MATC/NOEC from the LC50/(acute/chronic 
ratio) and comparing it with the anticipated 28-day EEC. K-Tea™, Clearigate® and 
Captain™ are similar to Cutrine® and Copper Control®. Therefore, these products 
are expected to have similar adverse impacts on fish and lack extensive adverse 
impacts on aquatic invertebrates when used at typical use rates (0.2 to 1.0 ppm Cu) 
for the control of algae and aquatic vascular plants.  
 
Use of copper sulfate and the commercial copper-complexes at labeled rates are 
likely to adversely impact non-target species of algae and aquatic plants when they 
are located at the site of application. It is unclear if drift from treated areas into 
untreated areas will adversely affect algae and aquatic vascular plants. However, a 
400-foot set-back distance from outlet streams is recommended for the commercial 
copper products to mitigate their effects on non-target fish, aquatic invertebrate, 
algae and aquatic vascular plant species.  
 
The inorganic copper salts including Triangle Brand® Copper Sulfate Crystal and 
Earthtec® may be applied at rates up to 1.0 ppm Cu for the control of nuisance 
algae. These copper sulfate products have also been applied at rates up to 0.2 ppm 
Cu for the control of Sago pondweed (Potamogeton pectinatus) and leafy pondweed 
(P. foliosus) although lower rates (0.05 to 0.1 ppm Cu) are effective when these 
plants are continually exposed for 12 to 24 hours. The commercial copper-
complexes like Komeen®, Nautique™, K-Tea™, Cutrine®, Copper Control®, 
Clearigate® and Captain™ may also be applied at rates up to 1.0 ppm Cu. 
However, the copper-TEA complexes like K-Tea™, Cutrine®, Clearigate® and 
Captain™ are typically used at rates of 0.2 to 1.0 ppm for the control of nuisance 
algae and may also be used at rates of 0.4 to 1.0 ppm for the control of Hydrilla 
verticillata. Control of Hydrilla at standard use rates of Cutrine® plus diquat, or K-
Tea™ plus diquat, or Cutrine® alone is often only partially successful in controlling 
this pest species, particularly when algae or clay particles extensively coat the leaves 
of the target weed. The copper-EDA complexes (Komeen® and Nautique™) and the 
copper-TEA complex (Clearigate®) have been used to control or suppress the 
growth of a variety of submersed and floating vascular weeds like Brazilian elodea 
(Egeria densa), American waterweed (Elodea canadensis), Hydrilla verticillata, 
watermilfoil (Myriophyllum spp.), naids (Najas spp.), pondweeds (Potamogeton spp.), 
waterhyacinth (Eichhornia crassipes) and duckweed (Lemna spp.). However, these 
products may control some species, like pondweeds or Eurasian milfoil, alone or in 
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combination with diquat or other herbicides only in water with low water hardness. 
This may also have an adverse impact on sensitive fish species.  
 
Controversy exists as to whether the commercial copper products are safe and 
effective in the control of algae and aquatic macrophytes. Maine’s Department of 
Environmental Protection (DEP, 1976) concluded that the long-term effectiveness 
(and in some cases the short-term effectiveness) of commercial copper products in 
controlling various algae species is questionable. Myers and Stoner (1978) and 
Hodson et al (1984) indicate that while Komeen® is effective in controlling aquatic 
vascular plants, K-Tea™ and Cutrine® may be ineffective or only partially effective 
in controlling Hydrilla verticillata when used alone or in combinations with diquat. 
Furthermore, Maine’s DEP indicates that the toxicity of the commercial copper 
products, including copper sulfate and the commercial copper-complexes, is 
unpredictable (LC50 = 0.002 to 2,000 ppm). The Maine DEP, therefore, believes 
their use should be discontinued for the control of aquatic vegetation, particularly in 
soft water lakes. However Masuda and Boyd (1983) indicate that both copper 
sulfate and the commercial copper-complexes can be used safely and effectively for 
the control of aquatic vegetation providing that the molar copper equivalence added 
to the water does not exceed 1% of the total alkalinity found in the water. 
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Table 1: U.S. EPA Eotoxicological Categories for Mammals, Birds and Aquatic Organisms 
 

Toxicity in Birds1 and Mammals2 Toxicity Ranking 
Acute Oral 

(mg/Kg 
body weight)1 

Dietary 
(mg/Kg feed)3 

Acute Toxicity  in Fish 
and Invertebrates4,5 

mg/L test solution 
 

<10 <50 <0.1 Very Highly Toxic 
10-50 50-500 0.1-1.0 Highly Toxic 

>50-500 >500-1000 >1-10 Moderately Toxic 
>500-2000 >1000-5000 >10-100 Slightly Toxic 

>2000 >5000 >100 Practically Non-Toxic 
 

1 Bascietto, J., 1985. Hazard Evaluation Division, Standard Evaluation Procedure, Avian Single-Dose Oral 
LD50.  PB-86-129285.  EPA-540/9-85-007. 

2  Farringer, R. 1985. Hazard Evaluation Division, Standard Evaluation Procedure, Wild Mammal Toxicity 
Test, PB86-12951, EPA-540/9-85-004. 

3 Bascietto, J., 1985. Hazard Evaluation Division, Standard Evaluation Procedure, Dietary LC50 Test, 
PB86-129293.  EPA-540/9-85-008. 

4  Elizabeth Zucker, 1985. Hazard Evaluation Division, Standard Evaluation Procedure, Acute Toxicity 
Test for Freshwater Fish.  PB86-129277. EPA-540/9-85-006. 

5  Elizabeth Zucker, 1985.  Hazard Evaluation Division, Standard Evaluation Procedure, Acute Toxicity 
for Freshwater invertebrates.  PB86-129269.  EPA-540/9-85-005. 
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Table 2: Toxicity of Copper to Different Aquatic Species; and Sensitive Species and Stages Tested 
 

Species Name Common 
Name 

Test Type Age/Size Class 
of Organism 

Test 
Duration 

Test Chemicals – Copper Products 
LC50 or EC50 & (MATC) or [LOEC] in ppm Cu 

     Copper Sulfate 
Pentahydrate 

(ppm Cu) 

K-Tea™ 
(ppm Cu) 

Komeen® 
(ppm Cu) 

Cutrine® or 
Copper Control® 

(ppm Cu) 
Algae 

Anabaena flos-
aquae 

Blue-green 
algae 

Static Acute Log growth 
phase 

NR1 EC752 = 0.2 NR NR NR 

Anabaena 
variablis 

Blue-green 
algae 

Static Acute Log growth 
phase 

NR GI3 = 0.1 NR NR NR 

Anabaena 
spirodes 

Blue-green 
algae 

Static Acute Log growth 
phase 

6 days NR NR NR EC60 = 0.09  

Anabaena spp. Blue-green 
algae 

Static Acute Log growth 
phase 

NR LG4=0.064 NR NR NR 

Anacystis 
nidulans 

Blue-green 
algae 

Static Acute Log growth 
phase 

NR GI3 = 0.10 NR NR NR 

Calothrix brunii Blue-green 
algae 

Static Acute Log growth 
phase 

4-28 days CG5=2.0 NR NR NR 

Cylindrospermum 
licheniforme 

Blue-green 
algae 

Static Acute Log growth 
phase 

4-28 days CG5=0.25 NR NR NR 

Microcystis 
aeruginosa 

Blue-green 
algae 

Static Acute Log growth 
phase 

4-28 days CG5=0.0625 NR NR NR 

Microcystis 
aeruginosa 

Blue-green 
algae 

Static Acute Log growth 
phase 

6 days NR NR NR 0.045-0.09 

Mixed blue-green 
algae 

Blue-green 
algae 

Static Acute Log growth 
phase 

NR IC506=0.025 
Photosynthesis 

NR NR NR 

Nostoc muscorum Blue-green 
algae 

Static Acute Log growth 
phase 

4-28 days CG5=0.5 NR NR NR 

Phormidium 
tenuea 

Blue-green 
algae 

Static Acute Log growth 
phase 

4-28 days     CG5= 0.125 NR NR NR 

Plectonema 
nostocorum 

Blue-green 
algae 

Static Acute Log growth 
phase 

4-28 days CG5=0.0625 NR NR NR 
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Table 2: Toxicity of Copper to Different Aquatic Species; and Sensitive Species and Stages Tested (continued) 

 
Species Name Common 

Name 
Test Type Age/Size Class 

of Organism 
Test 

Duration 
Test Chemicals – Copper Products 

LC50 or EC50 & (MATC) or [LOEC] in ppm Cu 
     Copper Sulfate 

Pentahydrate 
(ppm Cu) 

K-Tea™ 
(ppm Cu) 

Komeen® 
(ppm Cu) 

Cutrine® or 
Copper Control® 

(ppm Cu) 
Symploca erecta Blue-green 

algae 
Static Acute Log growth 

phase 
4-28 days CG5=2.0 NR NR NR 

Selenastrum 
capricornutum 

Green algae Static Acute  
Lake Michigan 

Log growth 
phase 

5 days IC506=0.18 NR NR NR 

Selenastrum 
capricornutum 

Green algae Static Acute 
Par Pond 

Log growth 
phase 

5 days IC506=0.25 NR NR NR 

Selenastrum 
capricornutum 

Green algae Static Acute 
Maple Lake 

Log growth 
phase 

5 days IC506=0.58 NR NR NR 

Selenastrum 
capricornutum 

Green algae StaticAcute 
Upper Three Runs 

River 

Log growth 
phase 

5 days IC506=0.79  NR NR NR 

Selenastrum 
capricornutum 

Green algae Static Acute 
Hidden Pond 

Log growth 
phase 

5 days IC506=0.86 NR NR NR 

Selenastrum 
capricornutum 

Green algae Static Acute 
Sagnashkee Slough 

Log growth 
phase 

5 days IC506=0.88 NR NR NR 

Selenastrum 
capricornutum 

Green algae Static Acute 
Crawdad Slough 

Log growth 
phase 

5 days IC505=2.26 NR NR NR 

Selenastrum 
capricornutum 

Green algae Static Acute 
Beaver Pond 

Log growth 
phase 

5 days 5501=2.5 NR NR NR 

Selenastrum 
capricornutum 

Green algae Static Acute 
 

Log growth 
phase 

NR IC505=0.085 NR NR NR 

Ankistrodesmus 
braunil 

Green algae Satin Acute Log growth 
phase 

NR GR7=0.64 NR NR NR 

Ankistrodesmus 
falcatus 

Green algae Static Acute Log growth 
phase 

4-28 days CG5=0.5 NR NR NR 

Ankistrodesmus 
falcatus acicularis 

Green algae Static Acute Log growth 
phase 

4-28 days CG5=2.0 NR NR NR 

Chlamydomonas 
sp. 

Green algae Static Acute Log growth 
phase 

NR GR7=8.0 NR NR NR 
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Table 2: Toxicity of Copper to Different Aquatic Species; and Sensitive Species and Stages Tested (continued) 

 
Species Name Common 

Name 
Test Type Age/Size Class 

of Organism 
Test 

Duration 
Test Chemicals – Copper Products 

LC50 or EC50 & (MATC) or [LOEC] in ppm Cu 
     Copper Sulfate 

Pentahydrate 
(ppm Cu) 

K-Tea™ 
(ppm Cu) 

Komeen® 
(ppm Cu) 

Cutrine® or 
Copper Control® 

(ppm Cu) 
Chlamydomonas 

communis 
Green algae Static Acute Log growth 

phase 
4-28 days GR7=0.5 NR NR NR 

Chlamydomonas 
paradoxa 

Green algae Static Acute Log growth 
phase 

4-28 days GR7=0.25 NR NR NR 

Chlorella 
pyrenoidosa 

Green algae Static Acute Log growth 
phase 

NR LG4&AI8 

0.001 
NR NR NR 

Chlorella 
pyrenoidosa 

Green algae Static Acute Log growth 
phase 

NR GI3=0.10 NR NR NR 

Chlorella 
regularis 

Green algae Static Acute Log growth 
phase 

NR LG4=0.020 NR NR NR 

Chlorella 
saccharophila 

Green algae Static Acute Log growth 
phase 

4 days EC502 = 0.550 NR NR NR 

Chlorella 
sp. 

Green algae Static Acute Log growth 
phase 

NR PI9=0.0063 NR NR NR 

Chlorella 
stigmatophora 

Green algae Static Acute Log growth 
phase 

NR EC502= 0.070 NR NR NR 

Chlorella 
variegata 

Green algae Static Acute Log growth 
phase 

4-28 days CG5=0.125 NR NR NR 

Chlorella vulgaris Green algae Static Acute Log growth 
phase 

4 days 5502=0.062 NR NR NR 

Chlorella vulgaris Green algae Static Acute Log growth 
phase 

33 days IC506=0.018 NR NR NR 

Chlorella vulgaris Green algae Static Acute Log growth 
phase 

NR EC402 

0.10-0.20 
NR NR NR 

Chlorella vulgaris Green algae Static Acute Log growth 
phase 

NR GI3=0.2 NR NR NR 

Chlorella vulgaris Green algae Static Acute Log growth 
phase 

NR EC502=0.100-
0.200 

NR NR NR 
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Table 2: Toxicity of Copper to Different Aquatic Species; and Sensitive Species and Stages Tested (continued) 

 
Species Name Common 

Name 
Test Type Age/Size Class 

of Organism 
Test 

Duration 
Test Chemicals – Copper Products 

LC50 or EC50 & (MATC) or [LOEC] in ppm Cu 
     Copper Sulfate 

Pentahydrate 
(ppm Cu) 

K-Tea™ 
(ppm Cu) 

Komeen® 
(ppm Cu) 

Cutrine® or 
Copper Control® 

(ppm Cu) 
Chloroccus paris Green algae Static Acute Log growth 

phase  
NR GR7=0.1 NR NR NR 

Chlorococcum 
botryoides 

Green algae Static Acute Log growth 
phase 

4-28 days CG5=0.5 
 

NR NR NR 

Chlorococcum 
humicola 

Green algae Static Acute Log growth 
phase 

4-28 days CG5=0.125 
 

NR NR NR 

Coccomyxa 
simplex 

Green algae Static Acute Log growth 
phase 

4-28 days CG5=0.125 NR NR NR 

Coelastrum 
proboscideum 

Green algae Static Acute Log growth 
phase 

4-28 days CG5=0.5 NR NR NR 

Cyclotella 
meneghiana 

Green algae Static Acute Log growth 
phase 

NR GR7=0.125 NR NR NR 

Eudorina 
califonica 

Green algae Static Acute Log growth 
phase 

NR GI3=5.0 NR NR NR 

Gloeocystis 
grevillei 

Green algae Static Acute Log growth 
phase 

4-28 days CG5=0.125 NR NR NR 

Mesotaenium 
caldariorum 

Green algae Static Acute Log growth 
phase 

4-28 days CG5=0.5 NR NR NR 

Oocystis lacustris Green algae Static Acute Log growth 
phase 

4-28 days CG5=0.5 NR NR NR 

Oocystis marsonii Green algae Static Acute Log growth 
phase 

4-28 days CG5=0.5 NR NR NR 

Scenedesmus sp. Green algae Static Acute Log growth 
phase 

10 days EC272=0.20 NR NR NR 

Scenedesmus sp. 
Adapted strain 

Green algae Static Acute Log growth 
phase 

NR EC452=1.5 NR NR NR 

Scenedesmus sp. 
Lab strain 

Green algae Static Acute Log growth 
phase 

NR EC252=0.05 NR NR NR 

Scenedesmus 
quadricauda 

Green algae Static Acute Log growth 
phase 

NR GR7=8.0 NR NR NR 
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Table 2: Toxicity of Copper to Different Aquatic Species; and Sensitive Species and Stages Tested (continued) 

 
Species Name Common 

Name 
Test Type Age/Size Class 

of Organism 
Test 

Duration 
Test Chemicals – Copper Products 

LC50 or EC50 & (MATC) or [LOEC] in ppm Cu 
     Copper Sulfate 

Pentahydrate 
(ppm Cu) 

K-Tea™ 
(ppm Cu) 

Komeen® 
(ppm Cu) 

Cutrine® or 
Copper Control® 

(ppm Cu) 
Scenedesmus 
acuminatus 

Green algae Static Acute Log growth 
phase 

NR EC402=0.30 NR NR NR 

Scenedesmaus 
basilensis 

Green algae Static Acute Log growth 
phase 

4-28 days CG5=0.5 NR NR NR 

Scenedesmus 
obliquus 

Green algae Static Acute Log growth 
phase 

4-28 days CG5=4.0 NR NR NR 

Sphaerella 
lacustris 

Green algae Static Acute Log growth 
phase 

4-28 days CG5=0.125 NR NR NR 

Stigeoclonium 
nanum 

Green algae Static Acute Log growth 
phase 

4-28 days CG5=0.5 NR NR NR 

Spirogyra sp. Green algae Static Acute Log growth 
phase 

NR NR NR NR EC40-50  
0.09 to 0.18 

Spirulina 
platensis 

Green algae Static Acute Log growth 
phase 

NR EC802=0.100 NR NR NR 

Spirulina 
platensis 

Green algae Static Acute Log growth 
phase 

NR EC402=0.05 NR NR NR 

Mixed algae 
culture 

Phytoplankton Static Acute Log growth 
phase 

NR PR10=0.005 NR NR NR 

Mixed algae 
culture 

Blue-green 
algae; Green 
algae;  and 

diatoms 

Static Acute Log growth 
phase 

NR EC502=0.025 NR NR NR 

Achnanthes 
linearis  

Freshwater 
diatom 

Static Acute Log growth 
phase 

4-28 days CG5=0.25 NR NR NR 

Gomphonema 
parvulum 

Freshwater 
diatom 

Static Acute Log growth 
phase 

4-28 days CG5=0.0625 NR NR NR 

Navicula inserta Freshwater 
diatom 

Static Acute Log growth 
Phase 

4 days EC502=10.450 NR NR NR 

Nitzschia linearis  Freshwater 
diatom 

Static Acute Log growth 
phase 

5 days EC502=0.795-
0.815 

NR NR NR 
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Table 2: Toxicity of Copper to Different Aquatic Species; and Sensitive Species and Stages Tested (continued) 

 
Species Name Common 

Name 
Test Type Age/Size Class 

of Organism 
Test 

Duration 
Test Chemicals – Copper Products 

LC50 or EC50 & (MATC) or [LOEC] in ppm Cu 
     Copper Sulfate 

Pentahydrate 
(ppm Cu) 

K-Tea™ 
(ppm Cu) 

Komeen® 
(ppm Cu) 

Cutrine® or 
Copper Control® 

(ppm Cu) 
Nitzschia paella Freshwater 

diatom 
Static Acute Log growth 

phase 
4-28 days CG5=0.0625-

0.125 
NR NR NR 

Peridinium 
inconspicuum 

Freshwater 
diatom 

Static Acute Log growth 
phase 

6 days NR NR NR EC50=0.045 

Thalassiosira 
pseudonana 

Marine algae Static Acute Log growth 
phase 

NR EC502=0.005 NR NR NR 

Potamogeton 
pectinatus 

Sago 
pondweed 

Static Acute NR 7 days Senescence=6.4 NR NR NR 

Vallisnaria 
spiralis 

Vallisnaria  Static Acute NR  7 days Senescence = 0.64 NR NR NR 

Hydrilla 
vetrticillata 

Hydrilla Static Acute NR  7 days Senescence = 640 NR NR NR 

Hydrilla 
verticillata 

Hydrilla Static Acute NR NR EC231=0.40 NR NR NR 

Hydrilla 
veriticillata 

Hydrilla Static Acute NR 28 days EC231=0.40 EC40 =0.4 EC55=0.2 
 

NR 

Lemna trisulca Duckweed Static Acute in 
 9μM 
EDTA 

NR NR EC502 = 0.228 NR NR NR 

Lemna trisulca Duckweed Static Acute in 
 81 μM 
EDTA 

NR NR EC502 = 3.495 NR NR NR 

Spirodela 
polyrhiza 

Giant 
duckweed 

Static Acute in 6.7 
μM EDTA 

NR NR EC502=0.286 NR NR NR 

Spirodela 
polyrhiza 

Giant 
duckweed 

Static Acute 403 
μM EDTA 

NR NR EC502=19.70 NR NR NR 
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Table 2: Toxicity of Copper to Different Aquatic Species; and Sensitive Species and Stages Tested (continued) 

 
Species Name Common 

Name 
Test Type Age/Size Class 

of Organism 
Test 

Duration 
Test Chemicals – Copper Products 

LC50 or EC50 & (MATC) or [LOEC] in ppm Cu 
     Copper Sulfate 

Pentahydrate 
(ppm Cu) 

K-Tea™ 
(ppm Cu) 

Komeen® 
(ppm Cu) 

Cutrine® or 
Copper Control® 

(ppm Cu) 
Fish and Amphibians 

Agosia 
chrysogaster 

Longfin dace Flow-through 
hardness 218 ppm 

NR 4 days 
Acute 

0.86 NR NR NR 

Acrocheilus 
gluteaceus 

Chiselmouth Flow-through 
hardness 

 51-100 ppm 

Adult 4 days 
Acute 

0.143 NR NR NR 

Anguilla rostrata American eel Static Acute 
Water hardness 

40-48 ppm 

Black and Glass 
eel stage 

4 days 
Acute 

2.87-6.4 NR NR NR 

Brachdanio rario Zebrafish Water hardness 
>200 

NR 4 days 
Acute 

0.21 NR NR NR 

Brachdanio rario Zebrafish Freshwater Eggs Chronic (0.051) NR NR NR 
Brevoortia 
tyrannus 

Atlantic 
Menhaden 

Seawater Mortality 14 days 
Chronic 

0.610 NR NR NR 

Carrasius auratus Goldfish Water hardness 
272 

0.9 grams 4 days 
Acute 

0.345 NR NR NR 

Catostomus sp. Sucker Freshwater 
hardness 37.5 

NR 60 days 
Chronic 

(0.015) NR NR NR 

Castonomus 
commesoni 

Sucker Freshwater Early life stage NR 
Chronic 

(0.021) NR NR NR 

Cirrhina mrigala Hamilton’s 
carp 

Probably hard 
water 

Sac-fry 4 days 
Acute 

1.5 NR NR NR 

Cirrhina mrigala Hamilton’s 
carp 

Freshwater 
 

112-137 mm 3 days 
Acute 

NR NR NR >0.85 

Cyprinodon 
variegatus 

Sheepshead 
minnow 

Seawater Adult 4 days 
Acute 

0.280 NR NR NR 

Cyprinus carpio Common carp Probably hard 
water 

 Probably adult 4 days 
Acute 

0.81 NR NR NR 
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Table 2: Toxicity of Copper to Different Aquatic Species; and Sensitive Species and Stages Tested (continued) 

 
Species Name Common 

Name 
Test Type Age/Size Class 

of Organism 
Test 

Duration 
Test Chemicals – Copper Products 

LC50 or EC50 & (MATC) or [LOEC] in ppm Cu 
     Copper Sulfate 

Pentahydrate 
(ppm Cu) 

K-Tea™ 
(ppm Cu) 

Komeen® 
(ppm Cu) 

Cutrine® or 
Copper Control® 

(ppm Cu) 
Cyprinus carpio Common carp Freshwater NR 38 weeks 

Immune 
Response 

[0.29] NR NR NR 

Danio 
malabaricus 

Giant danio Static Acute NR 1 day 
Acute 

0.50 NR NR NR 

Ethestoma 
caeruleum 

Rainbow 
darter 

Flow-through 
hardness 200 ppm 

Adult 4 days 
Acute 

0.32 NR NR NR 

Esox lucius Northern pike Freshwater Embryo & 
larvae 

30 days 
Chronic 

[0.060] NR NR NR 

Ethestonma 
spectabie 

 

Orangethroat 
darter 

Flow-through 
hardness 200 ppm 

Adult 4 days 
Acute 

0.85 NR NR NR 

Fundulus 
diaphinus 

Banded 
killifish 

Static Acute 
Hardness 53 ppm 

Probably adult 4 days 
Acute 

0.86 NR NR NR 

Fundulus 
heteroclitis 

Mumichog Freshwater NR 30 days  
histopath-
ology & 
enzyme 

inhibition 

[0.500-0.600] NR NR NR 

Gambusia affinis Mosquito fish Hardness 0-50 ppm 
 

Adult  4 days 
Acute 

0.147 NR NR NR 

Gambusia affinis Mosquito fish Static Acute 
Hardness 105 ppm 
 

Adult female 
From Belmont 

Springs 

4 days 
Acute 

1.32 NR NR 2.9 

Gambusia affinis Mosquito fish Static Acute 
Hardness 210 ppm 
 

Adult female 
Form Belmont 

Springs 

4 days 
Acute 

8.18 NR NR 20.58 

Gambusia affinis Mosquito fish Static Acute 
Hardness 210 ppm 
 

Adult female 
from Weber 

County 

4 days 
Acute 

1.40 NR NR 15.84 
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Table 2: Toxicity of Copper to Different Aquatic Species; and Sensitive Species and Stages Tested (continued) 

 
Species Name Common 

Name 
Test Type Age/Size Class 

of Organism 
Test 

Duration 
Test Chemicals – Copper Products 

LC50 or EC50 & (MATC) or [LOEC] in ppm Cu 
     Copper Sulfate 

Pentahydrate 
(ppm Cu) 

K-Tea™ 
(ppm Cu) 

Komeen® 
(ppm Cu) 

Cutrine® or 
Copper Control® 

(ppm Cu) 
Gambusia affinis Mosquito fish Static Acute 

Hardness 210 ppm 
 

Adult male 
from Weber 

County 

4 days 
Acute 

0.81 NR NR 2.77 

Ictalurus 
nebulosus 

Brown 
bullhead 

Flow-through 
Hardness 200 ppm 

Adults 4 days 
Acute 

0.180 NR NR NR 

Ictalurus 
punctatus 

Channel 
catfish 

Flow-through 
Hardness 16ppm 

Alkalinity 16 ppm 

Young adults 4 days 
Acute 

0.054 NR NR 0.051 

Ictalurus 
punctatus 

Channel 
catfish 

Flow-through 
Hardness 83 ppm 
Alkalinity 76 ppm 

Young adults 4 days 
Acute 

0.70 NR NR 1.36 

Ictalurus 
punctatus 

Channel 
catfish 

Flow-through 
Hardness 167 ppm 
Alkalinity 127 ppm 

Young adults 4-days 
Acute 

0.768 NR NR 1.503 

Ictalurus 
punctatus 

Channel 
catfish 

Flow-through 
Hardness 287 ppm 
Alkalinity 240 ppm 

Young adults 4 days 
Acute 

0.925 NR NR 1.878 

Ictalurus 
punctatus 

Channel 
catfish 

Freshwater NR 4 days 
Acute 

NR NR NR 6.0 

Ictalurus 
punctatus 

Channel 
catfish 

Freshwater Embryos and 
sac-fry 

60 days 
Chronic 

(0.016) NR NR NR 

Jordandella 
floridae 

Flagfish Flow-through 
Hard water 

NR 4 days 
Acute 

1.27 NR NR NR 

Labeo rohita Rohita carp Freshwater NR 3 days 
Acute 

NR NR NR >0.85 

Lacodon 
rhomboides 

Marine pin 
perch 

Seawater Probably 
juveniles 

14 days  
Chronic 

0.15 NR NR NR 

Lepomis 
macrochirus 

Bluegill 
sunfish 

NR 
Probably soft water 

Probably 
Juveniles 

4 days 
Acute 

0.221 4.3-6.0 30 1.2-3.0 

Lepomis 
macrochirus 

Bluegill 
sunfish 

NR 
Hard water  

NR 4 days 
Acute 

7.3 NR NR 7.5 
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Table 2: Toxicity of Copper to Different Aquatic Species; and Sensitive Species and Stages Tested (continued) 

 
Species Name Common 

Name 
Test Type Age/Size Class 

of Organism 
Test 

Duration 
Test Chemicals – Copper Products 

LC50 or EC50 & (MATC) or [LOEC] in ppm Cu 
     Copper Sulfate 

Pentahydrate 
(ppm Cu) 

K-Tea™ 
(ppm Cu) 

Komeen® 
(ppm Cu) 

Cutrine® or 
Copper Control® 

(ppm Cu) 
Lepomis 

macrochirus 
Bluegill 
sunfish 

Freshwater Survival, 
spawning and 

BCF 

3-22 months (0.015-0.11) NR NR NR 

Lepomis 
macrochirus 

Bluegill 
sunfish 

Freshwater Sac-fry-survival 90-day 
Chronic 

(0.029) NR NR NR 

Lepomis 
macrochirus 

Bluegill 
sunfish 

Freshwater Embryos and 
Sac-fry 

90-day 
Chronic 

(0.015) NR NR NR 

Lepomis 
cyanocephalus 

Green sunfish NR 
Hardness 11 ppm 

 

Juveniles 4 days 
Acute 

0.877 NR NR 0.935 

Lepomis 
cyanocephalus 

Green sunfish NR 
Hardness 320 

 

Juveniles 4 days 
Acute 

NR NR NR 11.645 

Lepomis gibbosus Pumkinseed 
sunfish 

Static 
Probably fairly 

hard 

NR 4 days 
Acute 

2.4  NR NR NR 

Lebistes 
reticulatus 

Guppy Static  
Soft water 

NR 4 days 
Acute 

0.036 NR NR NR 

Menidia menidia Atlantic 
silverside 

Seawater Sac-fry 4 days 
Acute 

0.147 NR NR NR 

Menidia menidia Atlantic 
silverside 

Seawater NR 4 days 
Histopath-

ology 

[0.50] NR NR NR 

Menidia 
peninsulae 

Tidewater 
silverside 

Seawater Adult 4 days 
Acute 

0.140 NR NR NR 

Micropterus 
salmoides 

Largemouth 
bass 

Freshwater NR 4 days 
Acute 

NR NR 558 6.4 

Micropogan 
undulatus 

Croaker Freshwater Probably 
juveniles 

15 days 
Chronic 

0.210 NR NR NR 
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Table 2: Toxicity of Copper to Different Aquatic Species; and Sensitive Species and Stages Tested (continued) 

 
Species Name Common 

Name 
Test Type Age/Size Class 

of Organism 
Test 

Duration 
Test Chemicals – Copper Products 

LC50 or EC50 & (MATC) or [LOEC] in ppm Cu 
     Copper Sulfate 

Pentahydrate 
(ppm Cu) 

K-Tea™ 
(ppm Cu) 

Komeen® 
(ppm Cu) 

Cutrine® or 
Copper Control® 

(ppm Cu) 
Morone saxatilis Striped bass Static Acute 

Probably soft 
Sac-fry 4 days 

Acute 
0.025 NR NR 0.01 

Morone saxatilis Striped bass Static Acute 
Probably Soft 

35-51 mm fry 4 days 
Acute 

0.025 NR NR 0.1 

Morone saxatilis Striped bass Static acute Fingerlings & 
Subadults 

4 days 
Acute 

0.155 NR NR NR 

Morone saxatilis Striped bass NR NR 4 days 
Acute 

NR NR 320-344 NR 

Notemigonus 
crysoleucas 

Golden shiner NR 2.56 grams 1 day 
Acute 

0.27 NR NR NR 

Notemigonus 
crysoleucas 

Golden shiner Flow-through 
Hardness 20 ppm 
Alkalinity 18 ppm 

48mm; 0.62g 4 days 
Acute 

NR NR 5.36 NR 

Notemigonus 
crysoleucas 

Golden shiner Flow-through 
Hardness 279 ppm 
Alkalinity 78 ppm 

48mm; 0.62g 4 days 
Acute 

NR NR 50.4 NR 

Notropis 
atherinoides 

Emerald shiner Hardness = 132 
ppm 

60mm 4 days 
Acute 

0.025 NR NR NR 

Oncorhynchus 
clarkii 

Cutthroat trout Flow-through 
High Hardness 
High Alkalinity 

NR 4 days 
Acute 

0.367 NR NR NR 

Oncorhynchus 
clarkii 

Cutthroat trout Flow-through 
Medium Hardness 

High Alkalinity 

NR 4 days 
Acute 

0.186 NR NR NR 

Oncorhynchus 
clarkii 

Cutthroat trout Flow-through 
Low Hardness 
High Alkalinity 

NR 4 days 
Acute 

0.037 NR NR NR 

Oncorhynchus 
clarkii 

Cutthroat trout Flow-through 
High Hardness 

Medium Alkalinity 

NR 4 days 
Acute 

0.232 NR NR NR 
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Table 2: Toxicity of Copper to Different Aquatic Species; and Sensitive Species and Stages Tested (continued) 

 
Species Name Common 

Name 
Test Type Age/Size Class 

of Organism 
Test 

Duration 
Test Chemicals – Copper Products 

LC50 or EC50 & (MATC) or [LOEC] in ppm Cu 
     Copper Sulfate 

Pentahydrate 
(ppm Cu) 

K-Tea™ 
(ppm Cu) 

Komeen® 
(ppm Cu) 

Cutrine® or 
Copper Control® 

(ppm Cu) 
Oncorhynchus 

clarkii 
Cutthroat trout Flow-through 

Medium Hardness 
Medium Alkalinity 

NR 4 days 
Acute 

0.162 NR NR NR 

Oncorhynchus 
clarkii 

Cutthroat trout Flow-through 
Low Hardness 

Medium Alkalinity 

NR 4 days 
Acute 

0.074 NR NR NR 

Oncorhynchus 
clarkii 

Cutthroat trout Flow-through 
High hardness 
Low Alkalinity 

NR 4 days 
Acute 

0.091 NR NR NR 

Oncorhynchus 
clarkii 

Cutthroat trout Flow-through 
Medium hardness 

Low Alkalinity 

NR 4 days 
Acute 

0.044 NR NR NR 

0ncorhynchus 
clarkii 

Cutthroat trout Flow-through 
Low Hardness 
Low Alkalinity 

NR 4 days 
Acute 

0.016 NR NR NR 

Oncorhynchus 
kisutch 

Coho salmon Static Acute 
Hardness  

50-100 ppm 

Parr-Smolt 4 days 
Acute 

0.067 

 
NR NR NR 

Oncorhynchus 
mykiss 

Rainbow trout NR 
Hardness  
 0-50 ppm 

Adults 4 days 
Acute 

0.034 NR NR NR 

Oncorhynchus 
mykiss 

Rainbow trout Freshwater  
Probably soft 

NR 4 days 
Acute 

0.032-0.135 0.029-
0.036 

0.076 0.03-0.2 

Oncorhynchus 
mykiss 

Rainbow trout Freshwater  
Probably hard 

NR 4 days 
Acute 

0.034  4.6-46 4.0 

Oncorhynchus 
mykiss 

Rainbow trout Freshwater 
 

Early life stage 
teratogenesis 

Probably 
>30 days 
Chronic 

[<0.001] NR NR NR 

Oncorhynchus 
mykiss 

Rainbow trout Freshwater 
 

Juveniles Time not 
given 

Chronic 

[0.060] NR NR NR 
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Table 2: Toxicity of Copper to Different Aquatic Species; and Sensitive Species and Stages Tested (continued) 

 
Species Name Common 

Name 
Test Type Age/Size Class 

of Organism 
Test 

Duration 
Test Chemicals – Copper Products 

LC50 or EC50 & (MATC) or [LOEC] in ppm Cu 
     Copper Sulfate 

Pentahydrate 
(ppm Cu) 

K-Tea™ 
(ppm Cu) 

Komeen® 
(ppm Cu) 

Cutrine® or 
Copper Control® 

(ppm Cu) 
Oncorhynchus 

mykiss 
Rainbow trout Freshwater 

 
Embryo and 

Sac-fry 
30 days 
Chronic 

(0.019) NR NR NR 

Oncorhynchus 
mykiss 

Rainbow trout Freshwater 
 

Fry 40 days 
Chronic 

[0.100 to 0.300] NR NR NR 

Oncorhynchus 
mykiss 

Rainbow trout Freshwater 
 

Growth 40 days 
Chronic 

[0.075-0.225] NR NR NR 

Oncorhynchus 
mykiss 

Steelhead Flow-through 
Hardness 24 ppm 
Alkalinity 22 ppm 

Sac-fry 4 days 
Acute 

0.028 NR NR NR 

Oncorhynchus 
mykiss 

Steelhead Flow-through 
Hardness 24 ppm 
Alkalinity 22 ppm 

Swim-up fry 4 days 
Acute 

0.017 NR NR NR 

Oncorhynchus 
mykiss 

Steelhead Flow-through 
Hardness 24 ppm 
Alkalinity 22 ppm 

Parr 4 days 
Acute 

0.018 NR NR NR 

Oncorhynchus 
mykiss 

Steelhead Flow-through 
Hardness 24 ppm 
Alkalinity 22 ppm 

Smolt 4 days 
Acute 

0.029 NR NR NR 

Oncorhynchus 
mykiss 

Rainbow trout NR 
Hardness 272 ppm 

Juveniles 4 days 
Acute 

0.034 NR NR NR 

Oncorhynchus 
tshawytscha  

Chinook 
salmon 

Flow-through 
Hardness 24 ppm 
Alkalinity 22 ppm 

Sac-fry 4 days 
Acute 

0.026 NR NR NR 

Oncorhynchus 
tshawytscha 

Chinook 
salmon 

Flow-through 
Hardness 24 ppm 
Alkalinity 22 ppm 

Swim-up fry 4 days 
Acute 

0.019 NR NR NR 

Oncorhynchus 
tshawytscha 

Chinook 
salmon 

Flow-through 
Hardness 24 ppm 
Alkalinity 22 ppm 

Parr 4 days 
Acute 

0.038 NR NR NR 
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Table 2: Toxicity of Copper to Different Aquatic Species; and Sensitive Species and Stages Tested (continued) 

 
Species Name Common 

Name 
Test Type Age/Size Class 

of Organism 
Test 

Duration 
Test Chemicals – Copper Products 

LC50 or EC50 & (MATC) or [LOEC] in ppm Cu 
     Copper Sulfate 

Pentahydrate 
(ppm Cu) 

K-Tea™ 
(ppm Cu) 

Komeen® 
(ppm Cu) 

Cutrine® or 
Copper Control® 

(ppm Cu) 
Oncorhynchus 
tshawytscha 

Chinook 
salmon 

Flow-through 
Hardness 24 ppm 
Alkalinity 22 ppm 

Smolt 4 days 
Acute 

0.026 NR NR NR 

Oncorhynchus 
tshawytscha 

Chinook 
salmon 

NR Juveniles 4 days 
Acute 

0.032 NR NR NR 

Oncorhynchus 
tshawytscha 

Chinook 
salmon 

NR Sub-adults 4 days 
Acute 

0.178 NR NR NR 

Oncorhynchus 
tshawytscha 

kisutch 

Chinook 
salmon 

Freshwater Parr Smolt 
 

170 days 
Chronic 

[0.005] NR NR NR 

Oncorhynchus 
tshawytscha 

Chinook 
salmon 

Freshwater Early life stage  4 to 14 
weeks 

Chronic 

[0.021-0.070] NR NR NR 

Perciformes sp. Mixed perch 
species 

NR 
Soft water 

NR 4 days 
Acute 

0.660 NR NR NR 

Perciformes sp. Mixed perch 
species 

NR 
Hard water 

NR 4 days 
Acute 

2.55 NR NR NR 

Paralichthys 
dentatus 

Summer 
flounder 

Seawater embryos 4 days 
Acute 

0.047 NR NR NR 

Paralichthys 
dentatus 

Summer 
flounder 

Seawater Possibly 
juveniles or sac-

fry 

4 days 
Acute 

0.028 NR NR NR 

Perca americana White perch Static Acute 
 

NR 
Probably adults 

4 days 
Acute 

6.2 NR NR NR 

Perca americana White perch Freshwater 
probably hard 

 

NR 
Probably adults 

4 days 
Acute 

NR NR 496 NR 
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Table 2: Toxicity of Copper to Different Aquatic Species; and Sensitive Species and Stages Tested (continued) 

 
Species Name Common 

Name 
Test Type Age/Size Class 

of Organism 
Test 

Duration 
Test Chemicals – Copper Products 

LC50 or EC50 & (MATC) or [LOEC] in ppm Cu 
     Copper Sulfate 

Pentahydrate 
(ppm Cu) 

K-Tea™ 
(ppm Cu) 

Komeen® 
(ppm Cu) 

Cutrine® or 
Copper Control® 

(ppm Cu) 
Pimephales 
promelas 

Fathead 
minnow 

Static Acute 
Hardness 6-10 ppm 

Alkalinity 20-50 
ppm 

4 days old 4 days 
Acute 

0.0125 NR NR NR 

Pimephales 
promelas 

Fathead 
minnow 

Static Acute 
Soft water 

NR 4 days 
Acute 

0.023 NR NR NR 

Pimephales 
promelas 

Fathead 
minnow 

Static Acute 
Hard Water 

NR 4 days 
Acute 

1.45 NR NR NR 

Pimephales 
promelas 

Fathead 
minnow 

Freshwater Life Cycle Probably 
>90 days 
Chronic 

(0.019) NR NR NR 

Pimephales 
promelas 

Fathead 
minnow 

Freshwater 
Hardness 31 ppm 

Egg to fry Probably 
more than 
~30-days 
Chronic 

(0.014) NR NR NR 

Pimephales 
promelas 

Fathead 
minnow 

Freshwater 
Hardness 198 ppm 

Egg to fry Probably 
more than 
~30 days 
Chronic 

(0.022) NR NR NR 

Pimephales 
notatus 

Bluntnose  
minnow 

NR 
Hardness >150 

ppm 

NR 4 days 
Acute 

0.260 NR NR NR 

Pimephales 
notatus 

Bluntnose  
minnow 

Freshwater 
Alkalinity 95 ppm 

NR 4 days 
Acute 

NR NR NR 0.21 

Pimephales 
notatus 

Bluntnose  
minnow 

Freshwater Life cycle 
(Probably 
spawn to 
spawn) 

Probably 
>90 days 
Chronic 

(0.0088) NR NR NR 

Poecilia 
reticulatus 

Guppy Follow-through 
Hardness  

67-87 ppm 

NR 4 days 
Acute 

0.112-0.138 NR NR NR 
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Table 2: Toxicity of Copper to Different Aquatic Species; and Sensitive Species and Stages Tested (continued) 

 
Species Name Common 

Name 
Test Type Age/Size Class 

of Organism 
Test 

Duration 
Test Chemicals – Copper Products 

LC50 or EC50 & (MATC) or [LOEC] in ppm Cu 
     Copper Sulfate 

Pentahydrate 
(ppm Cu) 

K-Tea™ 
(ppm Cu) 

Komeen® 
(ppm Cu) 

Cutrine® or 
Copper Control® 

(ppm Cu) 
Punctus ticto Checkered 

Barb 
Static Acute 

Hardness 190 ppm 
NR 1 day 

Acute 
3.0 NR NR NR 

Ptychocheilus 
oregonensis 

Northern 
squawfish 

Follow-through Juvenile 4 days 
Acute 

0.018 NR NR NR 

Pseudopleuronect
es americanus 

Winter 
flounder 

Seawater Embryo 4 days 
Acute 

0.142 NR NR NR 

Pseudopleuronect
es americanus 

Winter 
flounder 

Seawater 3 year olds 14 days 
Chronic 

[0.180] NR NR NR 

Rhinichthys 
atratulus 

Blacknose 
dace 

Follow-through 
Hard water 

NR 4 days 
Acute 

0.32 NR NR NR 

Salmo salar Atlantic 
salmon 

Follow-through NR 4 days 
Acute 

0.025 NR NR NR 

Salmo salar Atlantic 
salmon 

Freshwater  Fry NR 
Sublethal 

[0.043] NR NR NR 

Salmo trutta Brown trout Flow-through Juveniles  NR NR NR 0.198 
Salmo trutta Brown trout Freshwater NR   

Adults 
38 weeks 
Chronic 

[0.0029] NR NR NR 

Salmo trutta Brown trout Freshwater Early life stage Probably 
~90 days 
Chronic 

(0.031) NR NR NR 

Salvelinus 
fontinalis 

Eastern brook 
trout 

NR 
Hardness 45 ppm 
Alkalinity 42 ppm 

14 months 4 days 0.10 NR NR NR 

Salvelinus 
fontinalis 

Eastern brook 
trout 

Freshwater 
Hardness 45 ppm 
Alkalinity 42 ppm 

Juvenile weight 2 years 
Chronic 

(0.0045) NR NR NR 
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Table 2: Toxicity of Copper to Different Aquatic Species; and Sensitive Species and Stages Tested (continued) 

 
Species Name Common 

Name 
Test Type Age/Size Class 

of Organism 
Test 

Duration 
Test Chemicals – Copper Products 

LC50 or EC50 & (MATC) or [LOEC] in ppm Cu 
     Copper Sulfate 

Pentahydrate 
(ppm Cu) 

K-Tea™ 
(ppm Cu) 

Komeen® 
(ppm Cu) 

Cutrine® or 
Copper Control® 

(ppm Cu) 
Salvelinus 
fontinalis 

Eastern brook 
trout 

Freshwater 
Hardness 45 ppm 
Alkalinity 42 ppm 

Early life stage  Probably 
~90 days 
Chronic 

(0.013-0.039) NR NR NR 

Salvelinus 
fontinalis 

Eastern brook 
trout 

Freshwater 
Hardness 45 ppm 
Alkalinity 42 ppm 

2-year life cycle Probably 
~90 days 
Chronic 

(0.0046-0.0075) NR NR NR 

Salvelinus 
fontinalis 

Eastern brook 
trout 

Freshwater 
Hardness 45 ppm 
Alkalinity 42 ppm 

8-month life 
cycle  

Probably 
~90 days 
Chronic 

(0.024) NR NR NR 

Salvelinus 
fontinalis 

Eastern brook 
trout 

Freshwater 
 

Early life stage 
(embryos & 

sac-fry) 

Probably 
~90 days 
Chronic 

(0.063) NR NR NR 

Salvelinus 
fontinalis 

Eastern brook 
trout 

Freshwater 
 

Adults Probably 
~90 days 
Chronic 

[0.017] NR NR NR 

Salvelinus 
namycush 

Lake trout Freshwater Early life stage Probably 
~90 days 

(0.031) NR NR NR 

Tilapia 
mossambica 

Mozambique 
tilapia 

NR NR 2 days 6.0 NR NR NR 

Trachinotus 
carolinus 

Florida 
pompano 

Static acute 
Seawater 

Adults 4 days 
 Acute 

0.417 NR 1.5 NR 

Tricogaster 
trichopterus 

Blue gourami Static acute 
Deionized water 

Adults 4 days 
Acute 

0.091 NR 4.9 NR 
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Table 2: Toxicity of Copper to Different Aquatic Species; and Sensitive Species and Stages Tested (continued) 

 
Species Name Common 

Name 
Test Type Age/Size Class 

of Organism 
Test 

Duration 
Test Chemicals – Copper Products 

LC50 or EC50 & (MATC) or [LOEC] in ppm Cu 
     Copper Sulfate 

Pentahydrate 
(ppm Cu) 

K-Tea™ 
(ppm Cu) 

Komeen® 
(ppm Cu) 

Cutrine® or 
Copper Control® 

(ppm Cu) 
Tricogaster 
trichopterus 

Blue gourami Freshwater Adults – 
Immune 

Response 

3-4 weeks 
Chronic 

[0.009] NR 4.9 NR 

Invertebrates 
Acanthocylops 
vernalis and 
Diacyclops 

thomasi 

Copepods Freshwater Reduction in 
Growth of 
Juveniles 

7 days 
Chronic 

[0.042] NR NR NR 

Acroneuria 
lycorias 

Stonefly Freshwater 
Hardness 40 ppm 

NR Probably  
4 days 
Acute 

8.3 NR NR NR 

Alonella spp. Water flea Static acute 
Hardness  

15-280 ppm 

NR 2 days 
Acute 

NR NR NR 9.9-18.5 

Aeolosoma 
headleyi 

Annelid Freshwater NR Probably  
4 days 
Acute 

1.65 NR NR NR 

Acartia tonsa Copepod Seawater 
 

NR 4 days 0.017-0.055 NR NR NR 

Amnicola sp. Mollusc Freshwater Eggs 4 days 
Acute 

9.3 NR NR NR 

Amnicola sp. Mollusc Freshwater Adults 4 days 
Acute 

0.90 NR NR NR 

Arabica 
punctulata 

Sea urchin Seawater Sperm mobility 1 day Acute 0.300 NR NR NR 

Asellus 
meridianus 

Isopod Static acute  
Freshwater 

NR 4 days 
Acute 

0.650 NR NR NR 
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Table 2: Toxicity of Copper to Different Aquatic Species; and Sensitive Species and Stages Tested (continued) 

 
Species Name Common 

Name 
Test Type Age/Size Class 

of Organism 
Test 

Duration 
Test Chemicals – Copper Products 

LC50 or EC50 & (MATC) or [LOEC] in ppm Cu 
     Copper Sulfate 

Pentahydrate 
(ppm Cu) 

K-Tea™ 
(ppm Cu) 

Komeen® 
(ppm Cu) 

Cutrine® or 
Copper Control® 

(ppm Cu) 
Bosmina 

longirostris 
Rotifer Freshwater Juvenile to 

adult  
NR [0.010-0.03] NR NR NR 

Biomphalaria 
globrata 

Mollusc Static Acute 
Hardness 200 ppm 

NR 4 days 
Acute 

0.040 NR NR NR 

Brachonius 
plicatilis 

Rotifer Seawater NR 1 day 
Acute 

0.100 NR NR NR 

Trichoptera 
 

Caddis fly Freshwater 
Hardness 50 ppm 

Larvae 4 days 
Acute 

6.2 NR NR NR 

Cancer magister Crab Seawater Larvae 4 days 
Acute 

0.049-0.600 NR NR NR 

Campeloma 
decisum 

Snail Flow-through 
Hardness 45 ppm 

11-27mm 42 days 
Chronic 

(0.011) NR NR NR 

Campeloma 
decisum 

Snail Flow-through 
Hardness 45 ppm 

11-27mm 4 days 
Acute 

1.7 NR NR NR 

Cardina sp. Decapod Static acute NR 2 days 
Acute 

0.281 NR NR NR 

Ceriodaphnia 
dubia 

Water flea Freshwater 
Hardness 
6-10 ppm 

Alkalinity 9-21 

<24 hours 2 days 
Acute 

0.0027 NR NR NR 

Ceriodaphnia 
dubia 

Water flea Freshwater 
Hardness 
6-10ppm 

Alkalinity 9-21 

<24 hours 14 days 
Chronic 

NOEC = 0.032 NR NR NR 

Chironomus 
tentans 

Bloodworm Freshwater 
Hardness  

17-84 ppm 

1st Instar Probably  
1 day 
Acute 

0.298 NR NR NR 
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Table 2: Toxicity of Copper to Different Aquatic Species; and Sensitive Species and Stages Tested (continued) 

 
Species Name Common 

Name 
Test Type Age/Size Class 

of Organism 
Test 

Duration 
Test Chemicals – Copper Products 

LC50 or EC50 & (MATC) or [LOEC] in ppm Cu 
     Copper Sulfate 

Pentahydrate 
(ppm Cu) 

K-Tea™ 
(ppm Cu) 

Komeen® 
(ppm Cu) 

Cutrine® or 
Copper Control® 

(ppm Cu) 
Chironomus 

tentans 
Bloodworm Freshwater 

Hardness  
17-84 ppm 

2nd Instar Probably  
1 day 
Acute 

0.773 NR NR NR 

Chironomus 
tentans 

Bloodworm Freshwater 
Hardness  

17-84 ppm 

3rd Instar Probably 
1 day 
Acute 

1.466 NR NR NR 

Chironomus 
tentans 

Bloodworm Freshwater 
Hardness  

17-84 ppm 

4th Instar Probably  
1 day 
Acute 

1.690 NR NR NR 

Chironomus sp. Bloodworm Freshwater 
Hardness 50 ppm 

Probably 4th 
Instar 

Probably  
1 day 
Acute 

0.03 NR NR NR 

Chironomus 
tentatan 

Bloodworm Freshwater 
Hardness 
6-10ppm 

Alkalinity 9-21 

10 days 4 days 
Acute 

0.630 NR NR NR 

Chironomus 
tentans 

Bloodworm Freshwater 
Hardness 
6-10ppm 

Alkalinity 9-21 

10 days 
growth 

10 days  
Chronic 

NOEC = <0.0216 NR NR NR 

Cloen dipterum Mayfly Freshwater NR Probably  
4 days 
Acute 

0.053 NR NR NR 

Corbicula 
fluminea 

Clam Static Acute 
Hardness 64 ppm 

NR 4 days 
Acute 

0.040 NR NR NR 

Corbicula 
fluminea 

Clam Flow-through 
Acute 

Hardness 64 ppm 

NR 4 days 
Acute 

0.490 NR NR NR 

Corbicula 
fluminea 

Clam Freshwater  
Chronic 

Histopatho-
logical response 

Chronic (0.177) NR NR NR 
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Table 2: Toxicity of Copper to Different Aquatic Species; and Sensitive Species and Stages Tested (continued) 

 
Species Name Common 

Name 
Test Type Age/Size Class 

of Organism 
Test 

Duration 
Test Chemicals – Copper Products 

LC50 or EC50 & (MATC) or [LOEC] in ppm Cu 
     Copper Sulfate 

Pentahydrate 
(ppm Cu) 

K-Tea™ 
(ppm Cu) 

Komeen® 
(ppm Cu) 

Cutrine® or 
Copper Control® 

(ppm Cu) 
Corbicula 
fluminea 

Clam Freshwater Chronic NR Chronic (0.025) NR NR NR 

Corbicula 
manilensis 

Clam Freshwater Larvae 4 days 
Acute 

0.025 NR NR NR 

Corbicula 
manilensis 

Clam Freshwater Adults 4 days 
Acute 

>2.6 NR NR NR 

Corbicula 
manilensis 

Clam Freshwater 
Chronic 

NR 70 days 
Chronic 

(<0.010) NR NR NR 

Crassostrea gigas Pacific oyster Seawater Embryos 4 days 
Acute 

0.0053-0.0115 NR NR NR 

Crassostrea gigas Pacific oyster Seawater Adults 4 days 
Acute 

0.560 NR NR NR 

Crassostrea 
virginica 

Easter oyster Seawater Embryo 4 days 
Acute 

0.015-0.128 NR NR NR 

Cyclops 
ambyssorum 

Copepod Laboratory water 
Static Acute 

NR 2 days 
Acute 

2.5 NR NR NR 

Cyclops sp. Copepod Natural Pond water 
Static Acute 

NR 4 days 
Acute 

22.5-57.3 NR NR NR 

Cypria spp. Ostracod Static acute 
Hardness  

15-280 ppm 

NR 2 days 
Acute 

NR NR NR 10.2-15.3 

Odonata Damselfly Freshwater 
Hardness 50 ppm 

Larvae Probably 4 
days 

Acute 

4.6 NR NR NR 

Diapotomus spp. Copepod Static acute 
Hardness  

15-280 ppm 

NR Probably 4 
days 

Acute 

NR NR NR 12.21-12.6 

Eucyclops spp. Copepod Static acute 
Hardness  

15-280 ppm 

NR 2 days 
Acute 

NR NR NR 11.4-16.4 
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Table 2: Toxicity of Copper to Different Aquatic Species; and Sensitive Species and Stages Tested (continued) 

 
Species Name Common 

Name 
Test Type Age/Size Class 

of Organism 
Test 

Duration 
Test Chemicals – Copper Products 

LC50 or EC50 & (MATC) or [LOEC] in ppm Cu 
     Copper Sulfate 

Pentahydrate 
(ppm Cu) 

K-Tea™ 
(ppm Cu) 

Komeen® 
(ppm Cu) 

Cutrine® or 
Copper Control® 

(ppm Cu) 
Mixed Copepod 

species 
Copepods Seawater Nauplius 1 day Acute 0.09 NR NR NR 

Daphnia hyalina Water flea Freshwater Probably <24 
hours 

4 days 
Acute 

0.005 NR NR NR 

Daphnia magna Water flea  Static renewal 
Lake Superior 

water 
Hardness 45 ppm 
Alkalinity 42 ppm 

Newborns 2 days 
Acute 

0.0098 NR NR NR 

Daphnia magna Water flea  Static renewal 
Lake Superior 

water 
Hardness 45 ppm 
Alkalinity 42 ppm 

Newborns 2 days 
Acute 

0.060 NR NR NR 

Daphnia magna Water flea  Static renewal 
Lake Superior 

water  
Hardness 45 ppm 
Alkalinity 42 ppm 

Newborns 3 weeks 
Chronic 

LC50 

0.044 NR NR NR 

Daphnia magna Water flea  Static renewal 
Lake Erie water 

Newborns 2.5 days 
Acute 

0.013 NR NR NR 

Daphnia magna Water flea  Static renewal 
Lake Superior 

water 
Hardness 45 ppm 
Alkalinity 42 ppm 

Newborns 
 

21 days 
Chronic 

(0.028) NR NR NR 

Daphnia magna Water flea Static renewal 
Lake Superior 

water 
Hardness 45 ppm 
Alkalinity 42 ppm 

Newborns 
 

21 days 
Chronic 

[0.040] NR NR NR 
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Table 2: Toxicity of Copper to Different Aquatic Species; and Sensitive Species and Stages Tested (continued) 

 
Species Name Common 

Name 
Test Type Age/Size Class 

of Organism 
Test 

Duration 
Test Chemicals – Copper Products 

LC50 or EC50 & (MATC) or [LOEC] in ppm Cu 
     Copper Sulfate 

Pentahydrate 
(ppm Cu) 

K-Tea™ 
(ppm Cu) 

Komeen® 
(ppm Cu) 

Cutrine® or 
Copper Control® 

(ppm Cu) 
Daphnia magna Water flea Freshwater Juvenile to 

adult maturation 
Chronic [0.01-0.03] NR NR NR 

Daphnia magna Water flea Freshwater Population 
growth 

Chronic [0.049] NR NR NR 

Daphnia parvula Water flea Freshwater Population 
growth 

Chronic [0.049] NR NR NR 

Daphnia pulex Water flea Freshwater Life cycle 
survival  

Brood size 

70 days 
Chronic 

[0.005] NR NR NR 

Ephemerella 
subvaria 

Mayfly Freshwater Larvae Probably 24 
hours 
Acute 

0.320 NR NR NR 

Euchaeta marina Copepod Seawater NR 24 hours 0.188 NR NR NR 
Euphausia 

pacifica 
Euphausid Seawater NR 1 day Acute 0.014-0.030 NR NR NR 

Eurytemora affinis Copepod Seawater NR 4 days 
Acute 

0.526 NR NR NR 

Gammarus 
fasciatus 

Lined scud Freshwater NR 2 days 
Acute 

0.19 NR NR NR 

Gammarus 
lacustris 

Bright scud Freshwater 
 

NR 4 days 
Acute 

0.370 NR NR NR 

Gammarus 
pseudolimnaeus 

False snail 
scud 

Flow-through 
Hardness 45 ppm 
Alkalinity 43 ppm 

11-27mm 
 

4 days 
Acute 

0.020 NR NR NR 

Gammarus 
pseudolimnaeus 

False snail 
scud 

Flow-through 
Hardness 45 ppm 
Alkalinity 43 ppm 

Juvenile  
Juvenile to 

adult 

42 days 
Chronic 

(0.0089) NR NR NR 

Gammarus 
pseudolimnaeus 

False snail 
scud 

Freshwater NR Chronic [0.0061] NR NR NR 
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Table 2: Toxicity of Copper to Different Aquatic Species; and Sensitive Species and Stages Tested (continued) 

 
Species Name Common 

Name 
Test Type Age/Size Class 

of Organism 
Test 

Duration 
Test Chemicals – Copper Products 

LC50 or EC50 & (MATC) or [LOEC] in ppm Cu 
     Copper Sulfate 

Pentahydrate 
(ppm Cu) 

K-Tea™ 
(ppm Cu) 

Komeen® 
(ppm Cu) 

Cutrine® or 
Copper Control® 

(ppm Cu) 
Gammarus 

pseudolimnaeus 
False snail 

scud 
Flow-through 

Hardness 45 ppm 
Alkalinity 43 ppm 

Hatchlings 35 days 
Chronic 

(0.0089) NR NR NR 

Gammarus 
pseudolimnaeus 

False snail 
scud 

Flow-through 
Hardness 45 ppm 
Alkalinity 43 ppm 

Juvenile to 
adult  

63 days 
Chronic 

(0.0036) NR NR NR 

Gammarus pulex Flea scud Static Acute 
Hardness 50 ppm 

NR 4 days 
Acute 

0.910 NR NR NR 

Gammarus pulex Flea scud Renewal Acute 
Soft water 

NR 4 days 
Acute 

0.021 NR NR NR 

Gammarus pulex Flea scud Freshwater 
104 ppm 

NR 4 days 
Acute 

0.041 NR NR NR 

Gammarus pulex Flea scud Renewal Acute 
Hard water 

NR 4 days 
Acute 

0.109 NR NR NR 

Gammarus pulex Flea scud Freshwater 
249 ppm 

NR 4 days 
Acute 

0.183 NR NR NR 

Goniobasis 
livescens 

Snail Freshwater 
Hardness 154 ppm 

NR Probably  
4 days 
Acute 

0.39-0.86 NR NR NR 

Gryaulus 
 circumstriatus 

Snail Freshwater 
Hardness 100 

NR Probably  
4 days 
Acute  

0.108 NR NR NR 

Haliothis 
cracherodii 

Bivalve Seawater Probably adult 4 days 
Acute 

0.050 NR NR NR 

Haliothis 
rufescens 

Bivalve Seawater Embryo 4 days 
Acute 

0.114 NR NR NR 

Haliothis 
rufescens 

Bivalve Seawater Adult 4 days 
Acute 

0.065 NR NR NR 

Homarus 
americanus 

Lobster Seawater Larvae 4 days 
Acute 

0.048 NR NR NR 
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Table 2: Toxicity of Copper to Different Aquatic Species; and Sensitive Species and Stages Tested (continued) 

 
Species Name Common 

Name 
Test Type Age/Size Class 

of Organism 
Test 

Duration 
Test Chemicals – Copper Products 

LC50 or EC50 & (MATC) or [LOEC] in ppm Cu 
     Copper Sulfate 

Pentahydrate 
(ppm Cu) 

K-Tea™ 
(ppm Cu) 

Komeen® 
(ppm Cu) 

Cutrine® or 
Copper Control® 

(ppm Cu) 
Homarus 

americanus 
Lobster Seawater Adult 4 days 

Acute 
0.100 NR NR NR 

Hyalella azteca Amphipod Static Acute 
Hardness 6-10 ppm 

Alkalinity 9-21 
ppm 

2-3 weeks 4 days 
Acute 

0.0656 NR NR NR 

Keratella sp. Rotifer Freshwater NR Probably  
4 days 
Acute 

0.101 NR NR NR 

Labidocera scotti Copepod Seawater NR 1 day 
Acute 

0.132 NR NR NR 

Lophopodella 
carteri 

Bryozoan Freshwater 
Hardness 

190-220 ppm 

NR Probably  
4 days 
Acute 

0.140 NR NR NR 

Lumbriculus 
variegatus 

Oligochaete 
Worm 

Freshwater 
Hardness 30 ppm 

NR Probably  
4 days 
Acute 

0.15 NR NR NR 

Limnodrilus 
hoffmeisteri 

Annelid Freshwater 
Hardness 100 ppm 

NR Probably  
4 days 

0.15 NR NR NR 

Lymnaea 
acuminata 

Pond snail Freshwater  
Hardness 375 ppm 

NR 4 days  
Acute 

0.034 NR NR NR 

Lymnaea 
emarginata 

Pond snail Freshwater  
 

NR Probably  
4 days  
Acute 

0.30 NR NR NR 

Macrobranchium 
sp. 

Decapod Static Acute NR 2 days 
Acute 

0.279 NR NR NR 

Machrobrachium 
cardina 

Decapod Freshwater Chronic  6-8 days 
Chronic 

[0.050-0.100] NR NR NR 

NR Midges Freshwater Chronic Adult  259 days [0.030] NR NR NR 
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Table 2: Toxicity of Copper to Different Aquatic Species; and Sensitive Species and Stages Tested (continued) 

 
Species Name Common 

Name 
Test Type Age/Size Class 

of Organism 
Test 

Duration 
Test Chemicals – Copper Products 

LC50 or EC50 & (MATC) or [LOEC] in ppm Cu 
     Copper Sulfate 

Pentahydrate 
(ppm Cu) 

K-Tea™ 
(ppm Cu) 

Komeen® 
(ppm Cu) 

Cutrine® or 
Copper Control® 

(ppm Cu) 
Metapenaeus enis Shrimp Seawater Post-larvae  8 days  

Chronic 
0.057 NR NR NR 

Metridia pacific Copepod Seawater NR 2 days 
Acute 

0.176 NR NR NR 

Mya arenaria Bivalve Seawater NR 4 days 
Acute 

0.039 NR NR NR 

Mysidopsis bahia Pocket shrimp Seawater <24 hours 4 days 
Acute 

0.181 NR NR NR 

Mysidopsis 
bigelowi 

Pocket shrimp Seawater <24 hours 4 days 
Acute 

0.141 NR NR NR 

Mytilus edulus Mussel Seawater Embryo 4 days 
Acute 

0.0058 NR NR NR 

Mytilus edulus Mussel Seawater Adult 4 days 
Acute 

0.200 NR NR NR 

Nais sp. Annelid Freshwater 
Hardness 50 ppm 

NR Probably 4 
days Acute 

0.090 NR NR NR 

Nereis 
diversicolor 

Polychaete 
worm 

Seawater NR 4 days 
Acute 

0.310 NR NR NR 

Nicrotis sp. Snail Freshwater NR Probably 4 
days Acute 

0.300 NR NR NR 

Oncorhynatus 
susticus 

Decapod Freshwater  30 days 
Chronic 

[0.005] NR NR NR 

Orconectes 
limosus 

Northern 
crayfish 

 Freshwater  Probably adult Probably 4 
days Acute 

0.600 NR NR NR 

Orconectes 
rusticus 

Northern 
crayfish 

Freshwater 
Hardness  

100-125 ppm 

Embryo Probably 4 
days Acute 

0.250 NR NR NR 

Oronectes rusticus Northern 
crayfish 

 Freshwater Adult Probably 4 
days Acute 

3.000 NR NR NR 

Oronectes rusticus Northern 
crayfish 

 Freshwater Newly hatched  17 days [0.125 NR NR NR 
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Table 2: Toxicity of Copper to Different Aquatic Species; and Sensitive Species and Stages Tested (continued) 

 
Species Name Common 

Name 
Test Type Age/Size Class 

of Organism 
Test 

Duration 
Test Chemicals – Copper Products 

LC50 or EC50 & (MATC) or [LOEC] in ppm Cu 
     Copper Sulfate 

Pentahydrate 
(ppm Cu) 

K-Tea™ 
(ppm Cu) 

Komeen® 
(ppm Cu) 

Cutrine® or 
Copper Control® 

(ppm Cu) 
Phialidium sp. Hydromedusae Seawater NR 1 day 

Acute 
0.036 NR NR NR 

Palaemonetes 
pugio 

Grass shrimp Seawater NR 4 days 
Acute 

NR NR NR 4.8 

Penaeus 
stylirostris 

Blue Shrimp Seawater NR 4 days 
Acute 

NR NR NR 19.0 

Pectinella 
magnifica 

Bryozoan Freshwater 
Hardness  

190-200 ppm 

NR Probably 
 4 days 
Acute 

0.510 NR NR NR 

Philodina 
acuticornis 

(Rotifer) Freshwater NR Probably  
4 days 
Acute 

1.0 NR NR NR 

Phyllodoce 
maculata 

Polychaete 
worm 

Seawater NR 4 days  
Acute 

0.120 NR NR NR 

Physa integra Pond snail Freshwater 4-7 mm 4 days 
Acute  

0.039 NR NR NR 

Physa integra Pond snail Freshwater 4-7 mm 42 days 
Acute  

(0.011) NR NR NR 

Plumatella 
emarginata 

Bryozoan Freshwater 
Hardness  

190-200 ppm 

NR Probably  
4 days 
Acute 

0.140 NR NR NR 

Procambarus 
clarkii 

Red swamp 
crayfish 

Freshwater Larvae 4 days 
Acute 

1.2 NR NR NR 

Procaabarus 
clarkii 

Red swamp 
crayfish 

Freshwater 
Probably hard 

water 

Adults 4 days 
Acute 

9.0 NR NR NR 

Procaabarus 
clarkii 

Red swamp 
crayfish 

Freshwater 
Hardness 17 ppm 

Probably Adults 4 days 
Acute 

0.720 NR NR NR 

Potamopyrgus 
jenkinsi 

Mollusc Static Acute 
Hard water 

Juveniles Probably 2 
days 

Acute 

0.058 NR NR NR 
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Table 2: Toxicity of Copper to Different Aquatic Species; and Sensitive Species and Stages Tested (continued) 

 
Species Name Common 

Name 
Test Type Age/Size Class 

of Organism 
Test 

Duration 
Test Chemicals – Copper Products 

LC50 or EC50 & (MATC) or [LOEC] in ppm Cu 
     Copper Sulfate 

Pentahydrate 
(ppm Cu) 

K-Tea™ 
(ppm Cu) 

Komeen® 
(ppm Cu) 

Cutrine® or 
Copper Control® 

(ppm Cu) 
Ptoamopyrgus 

jenkinsi 
Mollusc Static Acute 

Hard water 
Adult Probably  

2 days 
Acute 

0.112 NR NR NR 

Rangia cuneata Bivalve Seawater NR 4 days 
Acute 

7.4-8.0 NR NR NR 

Sagitta hispida Arrow worm Seawater NR 1 day Acute 0.043-0.460 NR NR NR 
Streptocephalus 

proboscideus 
Branchiopod Static Acute 

Hardness 
8-10 ppm 

Alkalinity 13-13.5 
ppm 

Newly hatched 1 day 
Acute 

0.03 NR NR NR 

Streptocephalus 
proboscideus 

Branchiopod Static Acute 
Hardness  

35-41 ppm 
Alk 30-35 ppm 

Newly hatched 1 day 
Acute 

0.0425 NR NR NR 

Streptocephalus 
proboscideus 

Branchiopod Static Acute 
Hardness  

71-110 ppm 
Alkalinity 58.5-

59.5 ppm 

Newly hatched 1 day 
Acute 

0.0525 NR NR NR 

Streptocephalus 
proboscideus 

Branchiopod Static Acute 
Hardness  

135-170 ppm 
Alkalinity 110-

120 ppm 

Newly hatched 1 day 
Acute 

0.11 NR NR NR 

Streptocephalus 
proboscideus 

Branchiopod Static Acute 
Hardness 

250-327 ppm 
Alkalinity 225-

245 ppm 

Newly hatched 1 day 
Acute 

0.13 NR NR NR 
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Table 2: Toxicity of Copper to Different Aquatic Species; and Sensitive Species and Stages Tested (continued) 
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Species Name Common 
Name 

Test Type Age/Size Class 
of Organism 

Test 
Duration 

Test Chemicals – Copper Products 
LC50 or EC50 & (MATC) or [LOEC] in ppm Cu 

     Copper Sulfate 
Pentahydrate 

(ppm Cu) 

K-Tea™ 
(ppm Cu) 

Komeen® 
(ppm Cu) 

Cutrine® or 
Copper Control® 

(ppm Cu) 
Tisbe holthuriae Copepod Seawater NR 2 days 

Acute 
0.080 NR NR NR 

Uca pugilator Fiddler crab Seawater NR 4 days 
Acute 

NR NR NR 156 

Venerupis 
deussata 

Clam Seawater NR Chronic [0.001] NR NR NR 

 

1 NR = Not Reported 
2 EC = Effective Concentration in inhibiting the growth by the indicated percentage 
3 GI = Growth Inhibition 
4 LG = Lag in Growth 
5 CG = Cessation of Growth 
6 IC = Inhibition Concentration that inhibits a process by the indicated percent 
7 GR = Growth Reduction 
8 AI = Adverse Impact 
9 PI = Partial Inhibition of Growth 
10 PR = Partial Reduction in Growth 



Table 3: Soil Erodability Factors 
 

Surface Layer Texture Estimated K 

Clay, Clay Loam, Loam, Silty Loam 0.32 
Fine Sandy Loam, Loamy very Fine Sand, Sand Loam 0.24 
Loamy Fine Sand, Loamy Sand 0.17 
Sand 0.15 
Silt Loam, Silty Clay Loam, Very Fine Sandy Loam 0.37 

 
Source:  Barfield et al., 1981in Ebasco, 1993 and USDA. 1978a in Ebasco, 1993  

 
 
 

 
 

Table 4: Classification of Pesticides Based on Bioconcentration Factor 
 

Classification Bioaccumulation Factor1 Characteristics 

Non-accumulative ≤10 Pesticide readily decreases when 
organism is removed from 
exposure 

 
Slightly accumulative 10-700 Pesticide is gradually lost when 

organism is removed from 
exposure or pesticide is degraded 
by organisms 

 
Moderately accumulative 700-8,000 Pesticide is gradually lost when 

organism is removed from 
exposure, or pesticide is slowly 
degraded by organism 

 
Highly accumulative ≥8,000 Pesticide is not lost when 

organism is removed from 
exposure, or pesticide is not 
significantly degraded by 
organism 

 
Source:  Weber, 1977 in Ebasco, 1993 
 
1 As defined by Weber, 1977 in Ebasco, bioaccumulation = concentration in aquatic organism/ 

concentration in water.  Typically, this is termed the bioconcentration factor and not the bioaccumulation 
factor, which takes into account accumulation from all sources of exposure including food and water 
consumed, exposure water and if applicable, air exposure.   
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Table 4A: Bioaccumulation of Copper in Algae, Fish and Aquatic Invertebrates 
 

Group Bioconcentration (Bioaccumulation) Factors for 
Copper 

Reference 

 Freshwater Seawater  
Algae 400-21,000 75-27,000 Janus et al, 1989 in ACP, 1999 

Macrophytes 30-54,000 10,000-20,000 Janus et al, 1989 in ACP, 1999 
Zooplankton 35,000 250-2,700 Janus et al, 1989 in ACP, 1999 

Annelids 23,000 100-2,550 Janus et al, 1989 in ACP, 1999 
Mollusks 1,700-23,000 10-28,000 Janus et al, 1989 in ACP, 1999 

Crustaceans 80-6,000 7,000 Janus et al, 1989 in ACP, 1999 
Insects 200-14,000 NR1 Janus et al, 1989 in ACP, 1999 

Fish 1-450 150-700 Janus et al, 1989 in ACP, 1999 
 

NR = Not Reported 
 



Table 4B: Bioaccumulation of Copper in Fish, and Gastropods from the Guntersville Reservoir Treated with Komeen® (0.4 ppm Cu) plus 
Reward® [0.4 ppm c.e. (Rodgers et al, 1992)].  

 
Time after treatment  Water 

Concentration 
Sediment Concentration 

(ppm Cu) 
Edible Fish Tissue Mollusc Tissue 

(ppm Cu) 
Plant Tissue 

(ppm Cu) 
 ppm Cu ppm Cu Kd1 

(L/Kg) 
ppm Cu BCF2 ppm Cu BCF ppm Cu BCF 

0 Day Background 0.015 6.000 400 26.33 1755 37.867 2524 20.550 1370 
6 hours 0.1633 6.767 41 30.533 187 81.200 497 69.050 423 

21 hours 0.015 5.933 396 40.533 2702 82.667 5511 70.983 4732 
48 hours (2 days) 0.02833 8.300 293 50.0 1765 76.533 2701 58.117 2051 

192 hours (8 days) 0.005 5.633 1024 No sample No sample 75.533 15107 77.483 15497 
360 hours (15 days) 0.005 7.600 1520 No sample No sample 63.267 12653 37.783 7557 
696 hours (29 days) <0.0025 8.000 >3200 No sample No sample 56.040 >22420 23.253 >9300 

          
          

Degradation rate 1.23 day-1 NR4 NR NR NR 0.052 day-1 NR 0.103day-1 NR 
DT503 0.565 days NR NR NR NR 13.36 days NR 6.99 days NR 

 
1 Kd = sediment/water partition coefficient 
2 BCF = Bioconcentration Factor 
3 DT50 = Time to dissipate 50% of copper 
4 NR = Not Recorded 
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Table 5A: Concentration of Copper in Water, Hydrosoil and Fish and Invertebrates for 
Copper found in the Illinois River  

 
Sample Concentration of copper 

in Sample (ppm Cu) 
Concentration Factor 

from water  
Concentration Factor 

 from hydro-soil 
Illinois River Water 0.001 

(0.0001-0.005) 
1.0 NA1 

Other River Water 0.01 
(0.0006-0.4) 

NA1 NA1 

Illinois River Sediment 19 
(1- 82) 

19,000 1.0 

Non-Industrial use Streams, 
Sediment 

7.7 
(3.5-11.2) 

NA1 NA1 

Fusconaia flava 
(River clam) 

1.7 
(0.9-2.0) 

1,700 0.09 

Amblema plicata 
(River clam) 

1.2 
(0.3-3.2) 

1,200 0.063 

Quadrula quadrula 
(River clam) 

1.7 
(1.1-3.6) 

1,700 0.089 

Tubifex spp. 
(Tubificid annelids) 

23 
(10-42) 

23,000 1.21 

Esox lucius2 

(Muskelunge = Northern 
pike) 

0.07 
(0.05-0.08) 

70 0.004 

Micropterus salmoides2 

(Largemouth bass) 
0.10  

(0.08-0.13) 
100 0.005 

Morone chrysops2 

(Bass) 
0.19 

(0.17-0.24) 
190 0.01 

Lepisosteus platostomus2 0.16 
(0.13-0.20) 

160 0.008 

Micropeterus dolomieu2 

(Smallmouth bass) 
0.15  

(0.14-0.16) 
150 0.008 

Ictiobus cyprinellus3 0.18 
(0.07-0.26) 

180 0.009 

Dorosoma cepedianum3 0.26 
(0.18-0.39) 

290 0.013 

Moxostoma macrolepidotum3 0.18 
(0.16-0.20) 

180 0.009 

Carpiodes cyprinus3 

(Cyprinid carp) 
 

0.17 
(0.10-0.30) 

170 0.009 

Cyprinus carpio3 

(Common carp) 
0.24 

(0.12-0.41) 
240 0.012 

 
1 NA = Not Applicable 
2 Predator 
3 Omnivoir 
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Table 5B: Concentration of Copper in Various Waters and Sediments 
 

Location Concentration in 
Water (ppm) 

Concentration in 
Sediment (ppm) 

References 

Avon estuary ND1 19 Bryan et al, 1987 in ACP, 1999 
Fall Estuary (1921) ND 1400-2400 Bryan et al, 1987 in ACP, 1999 
Fall Estuary (1979) ND 712-1810 Bryan et al, 1987 in ACP, 1999 

Fall Estuary (1980-1981) 0.593 ND Bryan et al, 1987 in ACP, 1999 
English Midland Reservoirs ND 25.5-490. Foster et al, 1979 in ACP, 1999 

Firth of Forth ND ~6,000 Balls and Topping, 1987 in ACP, 
1999 

Portsmouth Naval Dockyard ND 1,060 ACP, 1999 
Central North Sea 0.00025 ND Kremling and Hydes, 1988 in ACP, 

1999 
Holland, 1962-1975 

Harbor sludges 
ND 76-235 Sloof et al, 1990 

Holland, 1974-1985 
(Freshwater lakes) 

ND 39-201 Sloof et al, 1990 in ACP, 1999 

Arlington Ship Canal 
Mobile Bay, Alabama 
(Brackish/Estuarine) 

0.001-0.002 33-49 ACP, 1999 

Astabula Harbor, Ohio 
(Freshwater) 

0.0001-0.0013 31.0-48.4 ACP, 1999 
 

Bridgeport Harbor, Connecticut 
(Saline) 

0.0045-0.021 515-2550 ACP, 1999 

Houston Lake, Michigan Interstitial water  
0.001 

30-90 Harrison, 1986 

Lake Michigan 
(Variation with depth) 

Interstitial water 
0.0063-0.0098 
Water column 
0.0012-0.0016 

ND Harrison, 1986 

Hovland 
(Variation with depth) 

Interstitial water 
0.0024-0.0041 
Water column 
0.0012-0.0015 

ND Harrison, 1986 

Black Creek, SC 
Variation with sites. 

Interstitial water 
0.038-0.071 

ND Harrison, 11986 

Lake Steilacoom 
Variation with site 

Interstitial water 
0.160-0.440 

400-1000  Bennett and Cubbage, 1992 

Black Lake Interstitial water  
0.011 

24 Bennett and Cubbage, 1992 

George Lake, Minnesota  (1964) 
 

ND 2,000 Hanson and Stefan, 1984 
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Table 5B: Concentration of Copper in Various Waters and Sediments (continued) 
 

Location Concentration in 
Water (ppm) 

Concentration in 
Sediment (ppm) 

References 

Budd Lake, Minnesota  (1964) 
 

ND 5,600 Hanson and Stefan, 1984 

Hall Lake, Minnesota  (1964) 
 

ND 1,200 Hanson and Stefan, 1984 

Amber Lake, Minnesota  (1964) 
 

ND 170 Hanson and Stefan, 1984 

Wilmert Lake, Minnesota  (1964) 
(Not treated with copper) 

ND 14 Hanson and Stefan, 1984 

Guntersville Reservoir (1990) 
(Background) 

(6 hours after  treatment) 
(21 hours after treatment) 
(48 hours after treatment) 
(8 days after treatment) 

(15 days after treatment) 
(21 days after treatment) 

 
0.015 
0.163 
0.015 
0.028 
0.005 
0.005 
ND1 

 
6.0 
6.8 
5.9 
8.3 
5.6 
7.6 
8.0 

Rodgers et al, 1992 

 
1 ND = Not Determined



Table 6: Dissolved Oxygen Concentration (mg/L) at Different Temperatures1 

 

Temperature in Degrees Centigrade Dissolved Oxygen Concentration in mg/L 

0 14.2 
1 13.9 
2 13.5 
3 13.1 
4 12.7 
5 12.4 
6 12.1 
7 11.7 
8 11.5 
9 11.2 

10 10.9 
11 10.7 
12 10.5 
13 10.2 
14 10.0 
15 9.8 
16 9.6 
17 9.4 
18 9.1 
19 9.0 
20 8.9 
21 8.6 
22 8.5 
23 8.4 
24 8.3 
25 8.2 

 
1  Goldman and Horne, 1983 

 
 
 
 

Table 7: Relationship of pH and Temperature to the Percentage of Unionized Ammonia 
[NH4OH + NH3 (dissolved)] in Freshwater1 

 
pH Temperature (°C) 

 5° 10° 15° 20° 25° 
6.5 0.04% 0.06% 0.09% 0.13% 0.18% 
7.0 0.12% 0.19% 0.27% 0.40% 0.55% 
7.5 0.39% 0.59% 0.85% 1.24% 1.73% 
8.0 1.22% 1.83% 2.65% 3.83% 5.28% 
8.5 3.77% 5.55% 7.98% 11.2% 15.0% 
9.0 11.0% 15.7% 21.4% 28.5% 35.8% 

 
1  Goldman and Horne, 1983 
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Table 8A: Effects of Hardness and Alkalinity on the Toxicity of Copper Products Salts1 

 
Hardness 

(ppm) 
Alkalinity 

(ppm) 
Species 96-hour LC50 (ppm Cu) 

Inorganic Copper Salts (ppm Cu) 
Very Low 

(16) 
Very Low 

(16) 
Ictalurus punctatus1 0.054 

Low 
(83) 

Low 
(76) 

Ictalurus punctatus 0.700 

Medium 
(167) 

Medium 
(127) 

Ictalurus punctatus 0.768 

High 
(287) 

High 
(240) 

Ictalurus punctatus 0.925 

Low Low Oncorhynchus clarkii2 0.016 
Medium Low Oncorhynchus clarkii 0.044 

High Low Oncorhynchus clarkii 0.091 
Low Medium Oncorhynchus clarkii 0.074 

Medium Medium Oncorhynchus clarkii 0.162 
High Medium Oncorhynchus clarkii 0.232 
Low High Oncorhynchus clarkii 0.037 

Medium High Oncorhynchus clarkii 0.186 
High High Oncorhynchus clarkii 0.367 
Low 

(13-46) 
NR3 Oncorhynchus tshawytscha2 0.010-0.022 

Medium 
(182) 

NR Oncorhynchus tshawytscha 0.085 

High 
(359) 

NR Oncorhynchus tshawytscha 0.130 

Low 
(30) 

NR Oncorhynchus mykiss2 0.02-0.03 

Medium 
(100) 

NR Oncorhynchus mykiss 0.031-0.176 

High 
(365) 

NR Oncorhynchus mykiss 0.070-0.298 

Low 
 (<504) 

NR Lepomis macrochirus2 0.66-0.86 

High 
(360) 

NR Lepomis macrochirus2 10.2-10.7 

Low NR Perciformes sp.2 0.66 
High NR Perciformes sp. 2.55 
Low NR Pimephales promelas2 0.200 
High NR Pimephales promelas 0.790 
NR Low Pimephales promelas 0.690 
NR Medium Pimephales promelas 0.770 
NR High Pimephales promelas 0.810 

Medium 
105 

NR Gambusia affinis  
(females)5 

1.32 

High 
(210) 

NR Gambusia affinis  
(females) 

8.18 

Very Low 
8-10 

Very low 
13-13.5 

Streptocephalus proboscideus6 0.03 
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Table 8A: Effects of Hardness and Alkalinity on the Toxicity of Copper Products Salts1 

(continued) 

Hardness 
(ppm) 

Alkalinity 
(ppm) 

Species 96-hour LC50 (ppm Cu) 

Inorganic Copper  Salts (ppm Cu) 
Low 

(35-41) 
Low 

(30-35) 
Streptocephalus proboscideus6 0.0425 

Medium 
(71-110) 

Medium 
(58.5-59.5) 

Streptocephalus proboscideus 0.0525 

High 
(135-170) 

Medium 
(110-120) 

Streptocephalus proboscideus 0.11 

Very High 
(250-327) 

Medium 
(225-245) 

Streptocephalus proboscideus 0.13 

Low NR Chironomus tentans7 

(1st instar bloodworm) 
0.0167 

Medium NR Chironomus tentans 

(1st instar bloodworm) 
0.0365 

High NR Chironomus tentans 

(1st instar bloodworm) 
0.098 

Low NR Chironomus tentans 

(4th  instar bloodworm) 
0.211 

Medium NR Chironomus tentans 

(4th  instar bloodworm) 
0.977 

High NR Chironomus tentans 

(4th  instar bloodworm) 
1.184 

Cutrine® (ppm Cu) 
Medium 

(105) 
NR Gambusia affinis  

(females)5 
2.9 

High 
(210) 

NR Gambusia affinis 
(females) 

20.58 

Low 
(44) 

NR Oncorhynchus mykiss8 0.2 

High 
(290) 

NR Oncorhynchus mykiss 4.0 

Low 
(48) 

NR Lepomis macrochirus8 1.2 

High 
(200) 

NR Lepomis macrochirus 7.5 

Cutrine® (ppm Cu) 
Very Low 

(10) 
NR Pomacea paludosa9 0.040 

Low 
(42) 

NR Pomacea paludosa 0.048 

Copper Control® (ppm Cu) 
Very Low 

(16) 
Very Low 

(16) 
Ictalurus punctatus1 0.051 

Low 
(83) 

Low 
(76) 

Ictalurus punctatus1 1.362 

Medium 
(167) 

Medium 
(127) 

Ictalurus punctatus1 1.503 

High 
(287) 

High 
(240) 

Ictalurus punctatus1 1.878 
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Table 8A: Effects of Hardness and Alkalinity on the Toxicity of Copper Products Salts1 

(continued) 
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Hardness 
(ppm) 

Alkalinity 
(ppm) 

Species 96-hour LC50 (ppm Cu) 

Komeen® 
Very Low 

(20) 
Very Low 

(18) 
Notemigonums crysoleucas10 5.4 

High 
(279) 

Medium 
(78) 

Notemigonums crysoleucas 50.4 

Very Low 
(10) 

NR Pomacea paludosa9 0.190 

Low 
(42) 

NR Pomacea paludosa 1.100 

Cupric chloride 
Medium 

(100) 
NR Gammarus pulex11 0.02112 

High 
(250) 

NR Gammarus pulex 0.10912 

 

1 Straus and Tucker (1993) 
2 Harrison (1986) 
3 NR = Not reported  
4 Probably Less than 50 ppm 
5 Duke et al (1979) 
6 Kenton et al (1993) 
7 239 in Harrison (1986) 
8 Cutrine Fact Sheet Applied Biochemists (no date) 
9 Winger et al (1984) 
10 Finlayson (1986) 
11 Stephenson  (1983) in Harrison (1986) 
12 Cupric chloride concentration 

   



Table 8B: Effects of Organic and Inorganic Complexing Agents on Copper Toxicity 
 

Complexing Agent & 
Concentration of Complexing 

Agent 

Concentration of Total 
Copper to Produce 

Toxicity 

Species Reference 

TRIS1 

0 mM 
1 mM 
3mM 

20% Reduction in Growth 
0.66 μM 
4.27 μM 
25.8 μM 

Acanthocyclops vernalis & 
Diacyclops thomasi 

Borgmann & Ralph, 1984 

TRIS 
0 mM 
1 mM 
3mM 

EC50 
1.59  μM 
25.0 μM 
78.2μM 

Keratella cochlearis Borgmann & Ralph, 1984 

Natural Complexing Capacity in 
water from Crawdad slough 

0.16 μM 
0.31 μM 
0.49 μM 
0.85 μM 
1.34 μM 

IC50 
 

0.33 μM 
0.47 μM 
1.02 μM 
1.39 μM 
2.26  μM 

Selenastrum 
capricornutum 
(Green algae) 

Allen et al, 1983 

EDTA2 

0.31 μM 
1.56 μM 
3.12 μM 

IC50 
0.30 μM 
1.61 μM 
3.36 μM 

 

Selenastrum 
capricornutum 
(Green algae) 

Allen et al, 1983 

HEPES3 

mM 
mM 

2.0 mM 
20.0 mM 

EC50 
0.03 ppm 
0.06 ppm 
0.09 ppm 
0.23 ppm 

Selenastrum 
capricornutum 
(Green algae) 

Veersteeg, 1990 

EDTA 

9 μM 
81 μM 

EC50 ppm 
3.6 μM (0.228 ppm) 
55 μM (3.495 ppm) 

Lemna trisulca Huebert et al, 1993 

Natural Complexing Capacity in 
River Water and sewage 

treatment plant effluent 40% 
(STPE) 

River Water 0.083 mg/L 
40% STPE = 0.196 mg/L 

LC50 
 
 

0.164 ppm 
 

0.286 ppm 

Oncorhynchus kisutch 
(Coho salmon) 

Buckley, 1983 

Natural and artificial chelators 
 

Oxalate at 1μM 
Glycine at 1μM 
Citrate at 1μM 

Humic matter at 2 mg/L 
EDTA at 1μM 

Significant reduction in 
larval abnormalities 

0.010 ppm 
0.010 ppm 
0.010 ppm 
0.020 ppm 
0.060 ppm 

Crassostrea gigas 
(Pacific oyster) 

Harrison, 1985 

Humic acid 
0 ppm 

1.5 ppm 

72 hour LC50 
0.028 ppm 
0.053 ppm 

Daphnia pulex 
(Water flea) 

Harrison, 1986 
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Table 8B: Effects of Organic and Inorganic Complexing Agents on Copper Toxicity 
(continued) 

 
Complexing Agent & 

Concentration of Complexing 
Agent 

Concentration of Total 
Copper to Produce 

Toxicity 

Species Reference 

Glycine 
0.0 ppm 
0.25 ppm 
0.5 ppm 
0.75 ppm 
1.0 ppm 
2.0 ppm 
5.0 ppm 
10.0 ppm 

72-hour LC50 
0.58 ppm 
0.67ppm 
0.76 ppm 
0.92 ppm 
0.96 ppm 
1.4 ppm 
2.15 ppm 
4.7 ppm 

Oncorhynchus mykiss in 
hard water (250 ppm) and 

pH 7.0 to 7.6 

Brown et al, 1974 

Humic acid 
 

0 ppm 
0.9 ppm 
1.5 ppm 
2.25 ppm 
3.0 ppm 
4.5 ppm 

Survival time in 2.0 ppm 
Cu 

470 min 
700 min 
760 min 
830 min 
880 min 

1,050 min 

Oncorhynchus mykiss in 
hard water (250 ppm) and 

pH 7.0 to 7.1 

Brown et al, 1974 

Sewage effluent (% of full 
concentration) 

0% 
25% 
50% 
75% 

100% 

Survival time in 2.0 ppm 
Cu 

8 hours 
14 hours 
26 hours 
42hours 
80 hours 

Oncorhynchus mykiss in 
hard water (250 ppm) and 

pH 7.0 to 7.1 

Brown et al, 1974 

Suspended solids in humus 
tank 

 
0.0 ppm 
10.0 ppm 
20.0 ppm 
50 ppm 
150 ppm 

LC50 ppm 
 
 

0.8 ppm 
0.8 ppm 
0.8 ppm 
1.0 ppm 
2.0 ppm 

Oncorhynchus mykiss in 
hard water (250 ppm) and 

pH 7.0 to 7.1 

Brown et al, 1974 

 
1 TRIS = tris-(hydroxymethyl)aminomethane 
2 EDTA = ethylenediaminetetraacetic acid 
3 HEPES = N-2-hydroxyethylpiperazine-N-2-ethanesulfonic acid 
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Table 9: Toxicity of Adjuvants Registered for Aquatic Use to Aquatic Animals 
 

Adjuvant Use Use Rate 
L/ha 

96-hr LC50 (mg/L) 

   

Depth for 
LC50 to 

be 
Achieved 
(Meters) 

Bluegill Rainbow 
Trout 

Daphnia 
magna 

Spar-Mate® Surfactant 140 1.5 0.96 NR NR 

R-11® Surfactant NR1 NR 4.2-5.5 3.8 19 
X77® Surfactant 4.7 0.1 4.3 4.2 2.0 

Cide-Kick II® Surfactant 7.0 0.1 4.3-5.2 NR NR 
Widespread® Surfactant NR NR 7.0 6.6 16 

Induce® Surfactant/ 
Accelerant 

NR NR 7.3 8.3 18 

Super Spread 200® Surfactant NR NR 9.3 NR NR 
Liqua Wet® Surfactant NR NR 11.0 13 7.2 

Spreader Sticker® Surfactant/ 
Sticker 

NR NR 35 36 48 

Formula 403  18.7 0.1 37 NR NR 
IVOD®  18.7 0.1 37 NR NR 

Passage®  NR NR 52 75 17 
Big Sur®  4.7 <0.1 112 NR NR 

Nalquatic® Thickener 9.3 <0.1 200 NR NR 
LI-700®  NR NR 210 130 170 

Agri Dex® Surfactant/ 
Accelerant 

NR NR >1000 >1000 >1000 

Polysar® Thickener 4.7 <0.1 3600 NR NR 
Herbex®  2.3 <0.1 8000 NR NR 
Foamer® Anti-Foam NR NR NR NR NR 

No Foam A® Anti-Foam NR NR NR NR NR 
Dyne Amic® Surfactant NR NR NR NR NR 
Penetrator® Surfactant/ 

Accelerant 
NR NR NR NR NR 

 
1 Not Recorded 
 



Table 10: Effects of Copper Treated Nutrient Solution, Sewage Sludges, Soil and Irrigation 
Water on Various Crops1 

 
Crop Concentration in Nutrient 

Solutions (ppm) 
Phytotoxic Effect 

Rape 0.3 ppm in nutrient solution Critical level 
Barley 17.7 ppm in nutrient solution Critical level 
Barley 64 ppm in nutrient solution Severe chlorosis of expanding leaves. 

Necrosis of severely chlorotic interveinal 
areas 

Oats 2.0 ppm in nutrient solution Light chlorosis 
Oats 10.0 ppm in nutrient solution Very chlorotic 

Small roots 
Oats 12.5 ppm in nutrient solution Plant height markedly reduced 
Oats 20 ppm in nutrient solution Plants small with narrow leaves 

Small roots 
Lettuce 1.0 ppm in nutrient solution Reduced root growth 

Tomatoes 1.0 ppm in nutrient solution Reduced root growth 
Perennial rye grass 1.0 ppm in nutrient solution Small roots but shoots same height 
Perennial rye grass 10.0 ppm in nutrient solution Small roots and blackened root tips 

Increase copper levels in tissue when 
nutrient copper level is increased 

Sensitive plants 25-50 ppm in soil Sensitive plants demonstrate toxicity 
Crop Concentration in Water 

(ppm) 
Phytotoxic 

Effect 
Tobacco 0.02 to 0.04 ppm in soil water 

interface 
Concentration of copper necessary to avoid 

deficiency in tobacco 
Tobacco 0.1 to 0.3 ppm in soil water 

interface 
Toxic to tobacco 

Non-sensitive 
plants 

150-400 ppm in soil Most plants will exhibit toxicity at these 
concentration levels 

Red beets 80 ppm in sludge amended soil Yield decreased significantly 
Red beets 20 ppm in waste water sludge 

amended soil 
Yield decreased by ~60 tons per acre 

Snap beans 20 ppm in soil extractable by 
DPTA 

Depression in yield 

Snap beans 70 ppm in soil No effect on yield 
Cucumbers 70 ppm in soil No effect on yield 

Lettuce 220 ppm in soil Yield decrease by 75% to 85%.  But copper 
residues levels not affected.  However tissue 
levels of cadmium and zinc were depressed 
and nickel concentrations were increased on 

plants treated at this level 
Cereal Crops 6 to 8 ppm in soil Apparent copper deficiency 
Cereal Crops 30 ppm in soil Minimum copper concentration to avoid 

copper deficiency 
Legumes 4 ppm in soil Copper deficiency that effects crop yields 

and color of plants. Color changes from 
green to grayish-green, blue-green or olive-

green.  Addition of 0.4 ppm in soil will 
double yield for more than 7 years. 
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Table 10: Effects of Copper Treated Nutrient Solution, Sewage Sludges, Soil and Irrigation 
Water on Various Crops (continued) 

 
Crop Concentration in Water 

(ppm) 
Phytotoxic 

Effect 
Crop plants 325 ppm in sludge amended soil Increase in tissue copper  concentrations 

ranging from 17.5 ppm in corn, 26 to 30 
ppm in tomato fruit and 30 ppm in 

cantaloupe  
Lettuce, pea pods 

and potatoes 
30 ppm in soil as sewage sludge Concentrations in tissue increases by 8.6 to 

19 ppm 
Copper sensitive 
crop Plants 

0.2 ppm in irrigation water for 
continuous use. 

No significant long term impact on copper 
sensitive  crop plants 

Copper insensitive 
plants like cereals 

<1.0 ppm in irrigation water for 
continuous use 

No significant long-term impact on copper 
tolerant crop plants 

Copper insensitive 
plants like cereals 

Up to 5.0 ppm in irrigation water 
for short-term use 

No significant short-term impact on copper 
tolerant crop plants 

 
1 Demayo et al, 1982.



Table 11: Plant Susceptibility to Copper 
 

Weeds – Easily controlled by copper products killed by application of copper 

Easily Controlled  Aquatic Plants (Labels): 
Plant Concentration Needed to 

control plants (ppm Cu) 
Product 

Hydrilla verticillata 
 
 
 
 
 
 
 
 
 
 
 
Most Diatoms 
(Asterinella, Flagilaria, 
Melosira, Synedra, 
Stephanodiscus, Tabellaria) 
 
 
Most Green algae 
(Closteria, Coelastrum, 
Spirogyra, Ulothrix) 
 
 
 
Most Blue-green algae 
(Anabena, Aphanizomenon, 
Gomphosphaeria, Microcystis, 
Oscillaria) 

0.75-1.0 
0.4-0.6 low density 
0.7-0.8 medium destiny 
0.9-1.0 high destiny 
0.4-0.6 low density 
0.7-0.8 medium destiny 
0.9-1.0 high destiny 
0.4-0.6 low density 
0.7-0.8 medium destiny 
0.9-1.0 high destiny 
0.4-1.0 high destiny 
 
0.2-0.5 
0.2 
0.2 
0.25-1.0 
0.1-0.5 
 
0.2-0.5 
0.2 
0.2 
0.25-1.0 
0.2-0.6 
 
0.2-0.5 
0.2 
0.2 
0.25-0.5 
0.2-0.6 

Komeen® [Cu•EDA + CuSO4•[H20]] 
Nautique™[Cu•EDA + Cu•TEA] 
Nautique™ [Cu•EDA + Cu•TEA] 
Nautique™ (Cu•EDA + Cu•TEA) 
Captain™ [Cu•TEA + Cu•MEA] 
Captain™ [Cu•TEA + Cu•MEA] 
Captain™ [Cu•TEA + Cu•MEA] 
Cutrine™ [Cu•TEA + Cu•MEA] 
Cutrine® [Cu•TEA + Cu•MEA] 
Cutrine® [Cu•TEA + Cu•MEA] 
Clearigate® (Cu•TEA + Cu•MEA 
 
K-Tea™ [Cu•TEA + Cu(OH)2] 
Captain™ (Cu•TEA + Cu•MEA) 
Cutrine® [Cu•TEA + Cu•MEA) 
CuSO4•[H2O] 
Clearigate® (Cu•TEA + Cu•MEA) 
 
K-Tea™ [Cu•TEA + Cu(OH)2] 
Captain™ (Cu•TEA + Cu•MEA] 
Cutrine® [Cu•TEA + Cu•MEA] 
CuSO4•[H2O] 
Clearigate® [Cu•TEA + Cu•MEA] 
 
K-Tea™ [Cu•TEA + Cu(OH)2] 
Captain™ (Cu•TEA + Cu•MEA) 
Cutrine® [Cu•TEA + Cu•MEA) 
CuSO4•[H2O] 
Clearigate® [Cu TEA + Cu•MEA] 
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Table 11: Plant Susceptibility to Copper (continued) 
 

Weeds – More difficult to control by copper products 

More difficult to Control Aquatic Plants (Labels): 
Plant Concentration Needed to 

control plants (ppm Cu) 
Product 

Macrophytes 
(Eichhornia crassipes, 
Egeria densa, Najas sp., 
Ceratophyllum demersum, Elodea 
canadensis, Myriophyllum 
spicatum, Potamogeton 
pectinatus, Potamogeton 
nodosus, Pistia stratiotes) 
 
 
 
 
Other Diatoms 
(Achnanthes, Cymbella, Neidium) 
 
 
 
 
Other Green algae 
(Ankistrodesmus, Chara, 
Chlorella, Cladophora, Nitella, 
Oocystis, Palmella, Pethophora, 
Scenedesmus) 
 
 
Other Blue-green algae 
(Calothrix, Nostoc, Phormidium, 
Symploca) 

0.5-0.75 
0.4-0.6 low density 
0.7-0.8 medium destiny 
0.9-1.0 high destiny 
0.4-0.6 low density 
0.7-0.8 medium destiny 
0.9-1.0 high destiny 
0.4-0.6 low density 
0.7-0.8 medium destiny 
0.9-1.0 high destiny 
0.4-1.0 high destiny 
 
0.5-1.0 
0.2 
0.2 
1.0-1.5 
0.1-0.5 
 
0.5-1.0 
0.4 
0.2 
1.0-2.0 
0.4-0.8 
 
 
0.5-1.0 
0.2 
0.2 
1.0-1.5 
0.2-0.6 

Komeen® [Cu•EDA + CuSO4•[H20]] 
Nautique™ [Cu•EDA + Cu•TEA] 
Nautique™ [Cu•EDA + Cu•TEA] 
Nautique™® (Cu•EDA + Cu•TEA) 
Captain™ [Cu•TEA + Cu•MEA]1 

Captain™ [Cu•TEA + Cu•MEA]1 

Captain™ [Cu•TEA + Cu•MEA]1 

Cutrine® [Cu•TEA + Cu•MEA]1 
Cutrine® [Cu•TEA + Cu•MEA]1 

Cutrine® [Cu•TEA + Cu•MEA]1 

Clearigate® (Cu•TEA + Cu•MEA 
 
K-Tea™ [Cu•TEA + Cu(OH)2] 
Captain™ (Cu•TEA + Cu•MEA) 
Cutrine® [Cu•TEA + Cu•MEA) 
CuSO4•[H2O] 
Clearigate® (Cu•TEA + Cu•MEA) 
 
K-Tea™ [Cu•TEA + Cu(OH)2] 
Captain™ (Cu•TEA + Cu•MEA) 
Cutrine® [Cu•TEA + Cu•MEA) 
CuSO4•[H2O] 
Clearigate® (Cu•TEA + Cu•MEA) 
 
 
K-Tea™ [Cu•TEA + Cu(OH)2] 
Captain™ (Cu•TEA + Cu•MEA) 
Cutrine® [Cu•TEA + Cu•MEA) 
CuSO4•[H2O] 
Clearigate® (Cu•TEA + Cu•MEA) 
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Table 11: Plant Susceptibility to Copper (continued) 
 

Weeds – More difficult to control by copper products 

Aquatic Algae Controlled in the Field with Copper Sulfate Pentahydrate (Hanson and Stephan, 1984) 
Algae Concentration to Control in 

Field 
Notes 

 
Diatoms 
Asterinella 
Flagilaria 
Melosira 
Synedra 
Stephanodiscus 
Tabellaria 
 
Green algae 
Coelastrum 
Conferva 
Spirogyra 
Staurastrum 
 
Blue-green algae 
Anabaena 
Aphanizomenon 
Clathyrocystis 
Microcystis 
Oscillaria  

      ppm                 ppm 
CuSO4•(H2O)        Cu2+ 

0.03-0.05 
0.25                    0.063 
0.20                    0.05 
0.36-0.5              0.09-0.13 
0.33                    0.083 
0.12-0.5              0.03-0.13 
 
 
0.05-0.33         0.013-0.083 
0.25                    0.063 
0.12                     0.03 
1.5                       0.38 
 
 
0.12-0.48             0.03-0.12 
0.12-0.5               0.03-0.13 
0.12-0.25             0.03-0.063 
0.2                         0.05 
0.2-0.5                   0.05-0.13 

 
 
 
 
Post-treatment blooms common 
 
 
 
 
 
 
 
Post-treatment blooms common 
 
 
 
Post-treatment blooms common  
Post-treatment blooms common 
Post-treatment blooms common 

Aquatic Macrophyte Control in the Field  by Commercial Copper Products (Meyers and Stoner, 1974) 
Gangstad (1978) & Hodson et al (1984). 
Plant App Rate              % Control 

(ppm Cu)           
Product & Notes 

Hydrilla verticillata 
 
Egeria densa 
 
 
Hydrilla verticillata 
Hydrilla verticillata 
Hydrilla verticillata 
Hydrilla verticillata 
Hydrilla verticillata 
Hydrilla verticillata 
Hydrilla verticillata 
Hydrilla verticillata 
Hydrilla verticillata 
Hydrilla verticillata 
Hydrilla verticillata 

60 
95 
NR2                   Very Effective 
 
 
NR                    Negligible 
NR                    Negligible 
35 
0.5+0.5               100 
1.0+1.0               100 
0.46+1.0               44 
0.86+1.0               74 
NR                        75 
NR                        26 
NR                        78 
NR                        42 

Komeen®  Controls hydrilla 
Komeen®  Controls hydrilla 
Komeen® Controls Egeria 
 
 
K-Tea™ @4gpa + Reward @2gpa 
Cutrine® @4gpa + Reward @2gpa 
Copper sulfate 
Copper sulfate + copper 
Copper sulfate + copper 
Cutrine® + copper 
Copper sulfate + diquat 
Cutrine® @84L/ha in Summer 
Cutrine® @84L/ha in Fall 
Cutrine® @18.7L/ha+copper@18.7L/ha Summer 
Cutrine® @18.7L/ha+copper18.7L/ha Spring 
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Table 11: Plant Susceptibility to Copper (continued) 
 

Weeds – More difficult to control by copper products 

Crops (Demayo et al, 1982): 
Plant affected by Cu+2 

Crop  
 
 
Lettuce 
Rape 
Barley 
Oats 
Oats 
Oats 
Perenial rye 

Threshold Acute Toxicity (ppm 
Cu) in Hydroponic Solution 

 
1.0 
0.3 

17.7 
2.0 

10.0 
20.0 

1.0-10.0 

Notes 
 
 
Reduction in root growth 
Critical levels 
Critical levels 
Light chlorosis 
Heavy chlorosis 
Plants small with narrow leaves 
Smaller Roots 

Plant affected by Cu+2 

Crop 
 
Red beets 
Red beets 
Celery 
Snapbeans 
Snapbeans 
Cucumbers 

Threshold Acute toxicity (ppm 
Cu) in Soils 

80 
145 
14.5 

15-20 
220 
220 

Notes 
 
Decrease dry matter yield 
Decreased yield 
Decreased yield 
Decreased yield 
Decreased yield 
Decreased yield 

 
1 Only aquatic vascular plant registered for control by this product is Hydrilla verticillata 
2 NR = Not Reported 



Table 12: Acute to Chronic Ratio for Aquatic Organisms1 

 
Species Length of Chronic 

Test/Test 
Endpoint 

Copper 
Formulation 

Acute Toxicity 
(LC50 ppm 

Cu) 

Chronic Toxicity 
MATC2 

(NOEC-LOEC)  
(ppm Cu) 

Acute/Chronic 
Ratio3 

References 

Campolema decisum 
(Operculate pond 

snail) 

6-weeks/ Chronic 
survival 

CuSO4•5[H2O] 
Hardness 45ppm  

1.7 0.011 
(0.0083-0.0148) 

2134 Arthur and Leonard, 1970 

Ceriodaphnia dubia 
(Water flea) 

14 days/ 
reproduction study 
in overlying water 

CuSO4•5[H2O] 
Hardness 8-120 ppm 

Alkalinity 
34-56 ppm 

0.0027 0.00455 

(0.00322-
0.0064) 

0.60 Suedel et al. 1996 

Ceriodaphnia dubia 
(Water flea) 

14 days/ survival  
study 

in overlying water 

CuSO4•5[H2O] 
Hardness 8-120 ppm 

Alkalinity 
34-56 ppm 

0.0027 0.0052 
(0.00372,3-

0.0074) 

0.73 Suedel et al. 1996 

Daphnia magna 
(Water flea) 

21days/ life cycle 
Reproduction in 

fed animals 
in Lake Superior 

water 

CuCl2 0.060 0.0275 

(0.022-0.035) 
2.2 Bessinger & Christensen, 

1972 

Daphnia magna 
(Water flea) 

21-day life cycle/ 
Reproduction 
unfed animals 
(acutes only) 

in lake Superior 
water 

CuCl2 0.0098 0.0275 

(0.022-0.035) 
0.36 Bessinger & Christensen, 

1972 

Daphnia magna 
(Water flea) 

21-day life cycle/ 
Growth, Total 

protein and GOT6 
activity in fed 

animals 

CuCl2 0.060 0.0285 

(0.020-0.0407) 
2.1 Bessinger & Christensen, 

1972 
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Table 12: Acute to Chronic Ratio for Aquatic Organisms1 (continued) 

Species Length of Chronic 
Test 

Copper 
Formulation 

Acute Toxicity 
(LC50 ppm 

Cu) 

Chronic Toxicity 
MATC2 

(NOEC-LOEC)  
(ppm Cu) 

Acute/Chronic 
Ratio 

References 

Daphnia magna 
(Water flea) 

21-day life cycle/ 
Growth, total 

protein and GOT 
activity in unfed 

animals 

CuCl2 0.0098 0.0285 

(0.020-0.0402) 
0.35 Bessinger & Christensen, 

1972 

Daphnia magna 
(Water flea) 

21-day life cycle/ 
Reproduction 

CuSO4•5[H2O] 
 

0.044 0.0075 

(0.005-0.0102) 
6.3 Adema and Zijl, 1972  in 

Harrison, 1986 
Daphnia magna 

(Water flea) 
21-day life cycle/ 

Reproduction 
CuSO4•5[H2O] 

 
0.0065 0.00235 

(0.0016-0.0032) 
 

2.8 Dave, 1984 in Harrison, 1986 

Daphnia ambigua 
(Water flea) 

Probably a life 
cycle/monitoring 

growth 

CuSO4•5[H2O] 
 

0.081 >0.004 
(>0.004->0.0047) 

<208 Winner et al, 1977  in 
Harrison, 1986 

Daphnia pulex 
(Water flea) 

Life Cycle CuSO4•5[H2O] 
Hardness 45 ppm  

 

0.023 0.0355 

(0.0245-0.0497) 
0.66 Mount and Moberg, 1984 in 

ACP, 1999 & Winner and 
Farrell, 1976 in ACP, 1999 

Gammarus 
pseudolimnaeus 

(False snail scud) 

Life Cycle 
(5-weeks) 

Reduced newly 
hatched survival 

CuSO4•5[H2O] 
Hardness 45 ppm  

 

0.020 0.0089 
(0.00623-0.0129) 

 

3.2 Arthur & Leonard, 1970 

Gammarus 
pseudolimnaeus 

(False snail scud) 

Life Cycle 
(6-weeks) 

Reduced survival 

CuSO4•5[H2O] 
Hardness 45 ppm  

 

0.020 0.011 
(0.0083-0.0148) 

 

2.5 Arthur & Leonard, 1970 

Gammarus 
pseudolimnaeus 

(False snail scud) 

Life Cycle 
(9-weeks) 

Reproduction 

CuSO4•5[H2O] 
Hardness 45 ppm  

 

0.020 0.00365 

(0.0029-0.0046) 
 

5.6 Arthur & Leonard, 1970 

Gammarus 
pseudolimnaeus 

(False snail scud) 

Life Cycle 
(9-weeks)/ 
Survival 

CuSO4•5[H2O] 
Hardness 45 ppm  

 

0.020 0.006 
(0.00463-0.008) 

 

4.3 Arthur & Leonard, 1970 

Macrobranchium 
caridina 

(Decapod) 

6-8 days/ Severe 
Histological 

changes 

CuSO4•5[H2O] 
FW 

0.279 0.0705 

(0.050-0.1002) 
4.0 305 in Harrison, 1986 
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Table 12: Acute to Chronic Ratio for Aquatic Organisms1 (continued) 

Species Length of Chronic 
Test 

Copper 
Formulation 

Acute Toxicity 
(LC50 ppm 

Cu) 

Chronic Toxicity 
MATC2 

(NOEC-LOEC)  
(ppm Cu) 

Acute/Chronic 
Ratio 

References 

Oronectes rusticus 
(Northern crayfish) 

17 day 
Early Life Stage 

(Neonates) 

CuSO4•5[H2O] 
Hardness 100-125 

ppm  
 

3.0 0.0885 

(0.0625-0.1257) 
34 Hubschman, 1967 in ACP, 

1999 

Corbicula manilensis 
(Freshwater clam) 

70 day ILC9 CuSO4•5[H2O] 
 

>2.60 <0.010 
(<0.01-<0.0107) 

>2608 Harrison et al, 1984 in 
Harrison, 1986 & ACP, 1999 

Physa integra 
(Pond snail) 

6-weeks/ Chronic 
Survival 

CuSO4•5[H2O] 
Hardness 45 ppm  

0.039 0.011 
(0.0083-0.0148) 

4.9 Arthur & Leonard, 1970 

Procambarus clarki 
(Red swamp crayfish) 

1358 hours/ 
LC50 

CuSO4•[5H2O] 
Hardness 17 ppm  

0.720 LC50 = 0.657 1.110 Rice & Harrison, 1983 in 
ACP, 1999 

Chironomus tentans 
(Bloodworm) 

10 day/ Survival 
Overlying water 

CuSO4•5[H2O] 
Hardness 8-120 ppm 

Alkalinity 
34-56 ppm 

0.057 0.032 
(0.02292,3-0.046) 

2.5 Suedel et al, 1996 

Chironomus tentans 
(Bloodworm) 

20 day/ 
LC50 

CuSO4•5[H2O] 
Hardness 71-84 ppm 

1.690 LC50 = 0.0775 21.810 Nebecker et al, 1984 in ACP, 
1999 

Eurythoe complanata 
(Polychaete) 

7-day/ Immune 
Response 
Inhibition 

CuSO4•5[H2O] 1.3 <0.4 
(<0.4 <0.47) 

>3.258 Marcano et al, 1997 

Salvelinus fontinalis 
(Brook trout) 

Early life stage/ 
Survival  

Sac-fry and 
Juveniles/Growth 

CuSO4•5[H2O] 
Hardness 45 ppm  

 

0.1 0.0135 

(0.0095-0.0174) 
7.69 McKim & Benoit, 1971 

Salvelinus fontinalis 
(Brook trout) 

Adults/ Survival, 
Growth  and 
Reproductive 

Effects  

CuSO4•5[H2O] 
Hardness 45 ppm  

 

0.1 0.0245 

(0.0174-0.0325) 
4.2 McKim & Benoit, 1971 

Salvelinus fontinalis 
(Brook trout) 

Life Cycle/ 
Survival, Growth 

& Number of 
Progeny 

CuSO4•5[H2O] 
Hardness 44 ppm  

0.1 >0.0094 
(>0.0094 - 
>0.0094) 

>10.66 McKim and Benoit, 1974 & 
McKim and Benoit, 1971 
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Table 12: Acute to Chronic Ratio for Aquatic Organisms1 (continued) 

Species Length of Chronic 
Test 

Copper 
Formulation 

Acute Toxicity 
(LC50 ppm 

Cu) 

Chronic Toxicity 
MATC2 

(NOEC-LOEC)  
(ppm Cu) 

Acute/Chronic 
Ratio 

References 

Salvelinus fontinalis 
(Brook trout) 

Life Cycle/ 
Juvenile Weight 

CuSO4•[5H2O] 
Hardness 44 ppm  

0.1 0.00455 

(<0.0045-0.0045) 
22.2 McKim and Benoit, 1974 

Salvelinus fontinalis 
(Brook trout) 

Life Cycle/ 
Egg Hatch 

CuSO4•5[H2O] 
Hardness 44 ppm  

0.1 0.0075 
(0.00613-0.0094) 

16.4 McKim and Benoit, 1974 

Pimephales promelas 
(Fathead minnow) 

6 months/ Egg 
Production  

CuSO4•5[H2O] 
Soft water 

0.023 >0.03 
(>0.03->0.037) 

<0.77 Pickering et al 1977 and 
Pickering and Henderson, 

1966 in Harrison, 1986 
Pimephales promelas 

(Fathead minnow) 
Life Cycle CuSO4•5[H2O] 

hardness 0-50 ppm  
0.0750 0.01911,5 

(0.014-0.028) 
3.9 Various in ACP, 1999 

Pimephales promelas 
(Fathead minnow) 

Embryo and larvae/ 
MATC 90 days 

CuSO4•5[H2O] 
Soft water 

0.075 0.014711,5 

(0.011-0.018) 
5.1 Mount and Stephan, 1969 in 

Harrison, 1985 
Pimephales promelas 

(Fathead minnow) 
10-day/ Growth & 

Survival 
CuSO4•5[H2O] 

Hardness 
8-120 ppm 
Alkalinity 
34-56 ppm 

0.0128 0.01211 

(0.00863-0.0172) 
1.1 Suedel et al, 1996 

Oncorhynchus 
tshawytscha 

(Chinook Salmon) 

Early Life Stage CuSO4•5[H2O] 
Hardness 0-50 ppm  

 

0.0284 <0.007411 

(<0.0074-
<0.0074) 

>3.88 Chapman, 1978 & 1982 in 
ACP, 1999 

Oncorhynchus mykiss 
(Rainbow trout) 

14 day/ Survival CuSO4•5[H2O] 
 

0.89 LC50 = 0.87 ppm 1.0210 Calamari and Marchetti, 1973 

Oncorhynchus kisutch 
(Coho salmon) 

6-day exposure 
followed by 10-day 
seawater challenge 

CuCl2 0.060 0.007 
(0.0053-0.0172) 

12.0 Lorz and McPherson, 1976 

Oncorhynchus kisutch 
(Coho salmon) 

165-day exposure/ 
Decrease in 
migratory 
capability 

CuCl2 0.060 0.00355 

(0.0025-0.0057) 
17.1 Lorz and McPherson, 1976 

Lepomis macrochirus 
(Bluegill sunfish) 

Life cycle 
90 day larval/ 

Survival 

CuSO4•5[H2O] 
Hardness 45 ppm  

 

1.1 0.0295 

(0.021 –0.040) 
38 Benoit, 1975 
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Table 12: Acute to Chronic Ratio for Aquatic Organisms1 (continued) 
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Species Length of Chronic 
Test 

Copper 
Formulation 

Acute Toxicity 
(LC50 ppm 

Cu) 

Chronic Toxicity 
MATC2 

(NOEC-LOEC)  
(ppm Cu) 

Acute/Chronic 
Ratio 

References 

Selenastrum 
capricornutum 
(green algae) 

4 day/ Growth test Copper Oxide 1.9 EC50 = 0.03 6310 Versteeg, 1990 

Selenastrum 
capricornutum 
(green algae) 

4 day/ Population 
Growth 

Copper Oxide >4.5 EC50 = 0.03 >15010 Versteeg, 1990 

 
1 

2 
3 
4 
5 
6 
7 
8 
9 
10

11

Geometric mean of Acute/Chronic toxicity ration; 8.4(3.0-23.4) for fish; 2.4(0.74-7.8) for aquatic invertebrates and 3.3 (1.0-11.1) for fish plus aquatic 
invertebrates where item in parenthesis is the range based of 10mean-st.dev.) to 10(mean+ St.dev.), where mean = log of the geometric mean and st.dev = standard 
deviation of the log of the geometric mean. Does not include values with footnote 8 
NOEC was originally reported value. NOEC = No observed effect level.  Other values are estimates. LOEC = NOEC x 2;  MATC = NOEC x √2 
Acute to Chronic toxicity Ratio = LC50/NOEC since survival is the end point 
Outlier. Not used since this operculate species can avoid acute exposure to copper sulfate. 
Acute/Chronic toxicity Ratio = LC50/MATC since non-lethal effect is the end point 
GOT = Glutamate-oxaloacetate transaminase 
LOEC was originally reported value.  LOEC = lowest observed effective concentration.  Other values are estimates.  NOEC = LOEC/2; MATC = LOEC/√2   
> or < value not defined  
ILC = Incipient lethal concentration 

 
 MATC

Acute to chronic ratio = (LC50 value)/(chronic LC50) 
 was originally reported value.  MATC = Maximum acceptable toxic concentration. Other values are estimates. NOEC = MATC/√2; LOEC = MATC x 

√2 
 
 
 
 
 



Table 13: Acute Toxicity of Copper to Microbes, Algae and Aquatic Macrophytes 
 

 
Species 

 
End Point 

 
Concentration (ppm Cu2+)1 

 
Source 

Cu2+ Inorganic Salts (Copper Sulfate and Copper dichloride)  
Anabaena flos-aquae 

(Blue-green algae) 
75% growth inhibition 0.2001 Young & Lisk, 1972 in ACP, 1999 

Anabaena variablis 
(Blue-green algae) 

Growth inhibition 0.1001 Young & Lisk, 1972 in ACP, 1999 

Anabaena strain 7120 
(Blue-green algae) 

Lag in growth 0.0641 Laube et al, 1980 in ACP, 1999 

Anacystis nidulans 
(Blue-green algae) 

Growth inhibition 0.1001 Young & Lisk, 1972 in ACP, 1999 

Ankistrodesmus braunil 
(Green algae) 

Growth reduction 0.6401 Laube et al, 1980 in ACP, 1999 

Clamydomonas sp. 
(Green algae) 

Growth reduction 8.0001 Cairns et al, 1978 in ACP, 1999 

Chlorella pyrenoidosa 
(Green algae) 

Lag in growth 0.0011 
Steelman-Nielsen & Wlum –Andersen, 1970 in 

ACP, 1999 
Chlorella pyrenoidosa 

(Green algae) 
Growth inhibition 0.1001 Steelman-Nielsen & Kamp-Nielsen, 1970 in 

ACP, 1999 
Chlorella pyrenoidosa 

(Green algae) 
Adverse impact 0.0011 EPA work group, 1980 

Chlorella regularis 
(Green algae) 

Lag in growth 0.0201 Sakaguchi et al, 1977 in ACP, 1999 

Chlorella saccharophila 
(Green algae) 

96-hour EC50 0.550`1 Rachlin et al, 1982, ACP, 1999 

Chlorella stigmatophora 
(Green algae) 

EC50 cell volume 0.0701 Christensen et al 1979 in Harrison, 1986 

Chlorella sp. 
(Green algae) 

Photosynthesis inhibited 0.00631 Gachter et al, 1973 in ACP, 1999 

Chlorella vulgaris 
(Green algae) 

EC60 growth 0.100-0.200 Stokes and Hutchinson, 1976 in Harrison, 1986

Chlorella vulgaris 
(Green algae) 

Growth inhibition 0.2001 Young & Lisk, 1972 in ACP, 1999 
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Table 17: Risk Assessment for Blue-green Algae, Green Algae, Diatoms and Macrophytes with Copper Products (continued) 
 

 
Species 

 
End Point 

 
Concentration (ppm Cu2+)1 

 
Source 

Chlorella vulgaris 
(Green algae) 

96-hour IC50 0.0621 Ferard et al, 1983, in ACP, 1999 

Chlorella vulgaris 
(Green algae) 

33-day EC50 (growth) 0.180 Rosko & Rachlin, 1977 in ACP, 1999 

Chlorella vulgaris 
(Green algae) 

40% growth reduction 0.100-0.2001 Stokes & Hutchinson, 1976 in ACP, 1999 

Chlorococcus paris 
(Green algae) 

Growth reduction 0.1001 Less & Walker, 1984 in ACP, 1999 

Cyclotella meneghiana 
(Green algae) 

Growth reduction 8.0001 Cairns et al, 1978 in ACP, 1999 

Eudorina californica 
(Green algae) 

Growth inhibition 5.0001 Young and Lisk, 1972 in ACP, 1999 

Scenedesmus sp. 10-day EC27 0.200 Stokes, 1975 in Harrison, 1986 
Scenedesmus sp. 
Adapted strain 

EC45 growth 1.500 Stokes, 1975 in Harrison, 1986 

Scenedesmus sp. 
Lab strain 

EC25 growth 0.05 Stokes, 1975 in Harrison, 1986 

Scenedesmus acuminatus 
(Green algae) 

40% Growth reduction 0.3001 Stokes & Hutchinson, 1976 in ACP, 1999 

Scenedesmus qaudricuada 
(Green algae) 

Growth reduction 8.0001 Cairns et al, 1978 in ACP, 1999 

Selenastrum carpricornutum 
(Green algae) 

EC50 cell volume 0.0851 Christensen et al, 1979 in Harrison, 1986 

Spirulina platensis 
(Green algae) 

EC80 photosynthesis 0.1001 Kallquist and Meadows, 1978 in Harrison, 
1986 

Spirulina platensis 
(Green algae) 

EC40 photosynthesis 0.0501 Kallquist and Meadows, 1978 in Harrison, 
1986 

Mixed culture Significant reduction in 
photosynthesis 

0.0051 Elder & Horne, 1978 in ACP, 1999 

Mixed culture EC50 photosynthesis 0.0251 Steelman-Nielsen & Kamp-Nielsen, 1970 in 
Harrison, 1986 

Blue-green algae, Mixed Culture 50% Reduction in 
Photosynthesis 

0.0251 Steelman-Nielsen & Bruun-Laursen, 1976 in 
ACP, 1999 
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Table 17: Risk Assessment for Blue-green Algae, Green Algae, Diatoms and Macrophytes with Copper Products (continued) 
 

 
Species 

 
End Point 

 
Concentration (ppm Cu2+)1 

 
Source 

Navicula incerta 
(Diatom) 

4-day EC50 10.4501 Rachlin et al, 1983 in ACP, 1999 

Nitzschia linearis 
(Diatom) 

5-day-EC50 0.795-0.8151 Academy of Natural Sciences, 1960, Patrick et 
al, 1968 in ACP, 1999 

Lemna trisulca 
(Macrophyte) 

EC50 in presence of 9 
μM EDTA 

0.2281 Huebert et al, 1993 

Lemna trisulca 
(Macrophyte) 

EC50 in presence of 81 
μM EDTA 

3.4951 Huebert et al, 1993 

Hydrilla verticillata 
(Macrophyte) 

EC23 (1.0 ppm)2 

[0.40]1 
Myers and Stoner. 1974 

Hydrilla verticillata 
(Macrophyte) 

EC77 
For CuSO4 + diquat 

(1.25 ppm + 0.2 ppm c.e.)1 

[0.5 ppm Cu+ 0.2 ppm c.e.]2 
Myers and Stoner. 1974 

Potamogeton pectinatus 
(Macrophyte) 

Hastening of Senescence 1 x10-4M = 6.4 ppm1 Jana & Choudhuri, 1982 

Vallisnaria spiralis 
(Macrophyte) 

Hastening of Senescence 1 x10-5M = 0.64 ppm1 Jana & Choudhuri, 1982 

Hydrilla verticillata 
(macrophyte) 

Hastening of Senescence 1 x10-2M = 640 ppm1 Jana & Choudhuri, 1982 

Spirodela polyrhiza 
(Giant duckweed) 

EC50 in presence of 6.7 
μM EDTA 

0.2861 Schreinemakers and Dorhout, 1985 in Huebert 
et al, 1993 

Spirodela polyrhiza 
(Giant duckweed) 

EC50 in presence of 403 
μM EDTA 

19.701 Schreinemakers and Dorhout, 1985 in Huebert 
et al, 1993 

Calothrix brunii 
(Blue-green algae) 

Cessation of Growth (8.0)2 

2.01 
Maloney and Palmer, 1956 

Cylindrospermum licheniforme 
(Blue-geen algae) 

Cessation of Growth (1.0)2 

0.251 
Maloney and Palmer, 1956 

Micorcystis aeruginosa 
(Blue-green algae) 

Cessation of Growth (0.25)2 
0.0625 

Maloney and Palmer, 1956 

Nostoc muscorum 
(Blue-green algae) 

Cessation of Growth (2.0)2 

0.51 
Maloney and Palmer, 1956 

Phormidium tenue 
(Blue-green algae) 

Cessation of Growth (0.5)2 
0.1251 

Maloney and Palmer, 1956 
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Table 17: Risk Assessment for Blue-green Algae, Green Algae, Diatoms and Macrophytes with Copper Products (continued) 
 

 
Species 

 
End Point 

 
Concentration (ppm Cu2+)1 

 
Source 

Plectonema nostocorum 
(Blue-green algae) 

Cessation of Growth (0.25)2 
0.06251 

Maloney and Palmer, 1956 

Symploca erecta 
(Blue-green algae) 

Cessation of Growth (8.0)2 
2.01 

Maloney and Palmer, 1956 

Ankistrodesmus falcatus 
(Green algae) 

Cessation of Growth (2.0)2 

0.51 
Maloney and Palmer, 1956 

Ankistrodesmus falcatus acicularis 
(Green algae) 

Cessation of Growth (8.0)2 

2.01 
Maloney and Palmer, 1956 

Chlamydomonas communis 
(Green algae) 

Cessation of Growth (2.0)2 

0.51 
Maloney and Palmer, 1956 

Chlamydomonas paradoxa 
(Green algae) 

Cessation of Growth (1.0)2 

0.251 
Maloney and Palmer, 1956 

Chlorella variegata 
(Green algae) 

Cessation of Growth (0.5)2 

0.1251 
Maloney and Palmer, 1956 

Chloroccum botryoides 
(Green algae) 

Cessation of Growth (2.0)2 

0.51 
Maloney and Palmer, 1956 

Chlorcoccum humicola 
(Green algae) 

Cessation of Growth (0.5)2 

0.1251 
Maloney and Palmer, 1956 

Coccomyxa simplex 
(Green algae) 

Cessation of Growth (0.5)2 

0.1251 
Maloney and Palmer, 1956 

Coelastrum proboscideum 
(Green algae) 

Cessation of Growth (2.0)2 

0.51 
Maloney and Palmer, 1956 

Gloeocystis grevillei 
(Green algae) 

Cessation of Growth (0.5)2 

0.1251 
Maloney and Palmer, 1956 

Mesotaenium caldariorum 
(Green algae) 

Cessation of Growth (2.0)2 

0.51 
Maloney and Palmer, 1956 

Oocystis lacustris 
(Green algae) 

Cessation of Growth (2.0)2 

0.51 
Maloney and Palmer, 1956 

Oocystis marsonii 
(Green algae) 

Cessation of Growth (2.0)2 

0.51 
Maloney and Palmer, 1956 

Scenedesmus basilensis 
(Green algae) 

Cessation of Growth (2.0)2 

0.51 
Maloney and Palmer, 1956 

Scenedesmus obliquus 
(Green algae) 

Cessation of Growth (16.0)2 

4.01 
Maloney and Palmer, 1956 
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Table 17: Risk Assessment for Blue-green Algae, Green Algae, Diatoms and Macrophytes with Copper Products (continued) 
 

 
Species 

 
End Point 

 
Concentration (ppm Cu2+)1 

 
Source 

Sphaerella lacustris 
(Green algae) 

Cessation of Growth (0.5)2 

0.1251 
Maloney and Palmer, 1956 

Stigeoclonium nanum 
(Green algae) 

Cessation of Growth (2.0)2 

0.51 
Maloney and Palmer, 1956 

Achnanthes linearis (Strain 1) 
(Diatoms) 

Cessation of Growth (1.0)2 

0.251 
Maloney and Palmer, 1956 

Achnanthes linearis (Strain 2) 
(Diatoms) 

Cessation of Growth (1.0)2 

0.251 
Maloney and Palmer, 1956 

Gomphonema parvulum 
(Diatoms) 

Cessation of Growth (0.25)2 

0.06251 
Maloney and Palmer, 1956 

Nitzschia palea (Strain 1) 
(Diatoms) 

Cessation of Growth (0.25)2 

0.06251 
Maloney and Palmer, 1956 

Nitzschia palea (Strain 2) 
(Diatoms) 

Cessation of Growth (1.0)2 

0.251 
Maloney and Palmer, 1956 

Nitzschia palea (Strain 3) 
(Diatoms) 

Cessation of Growth (0.5)2 

0.1251 
Maloney and Palmer, 1956 

Thalassiosira pseudonana 
(Marine algae) 

72-hour EC50 0.0051 EPA Working Group, 1980 and Erickson, 1972 
in ACP, 1999 

Skeletonema costatum 
(Marine diatom) 

14-day EC50 0.0501 Erickson et al 1970 in ACP, 1999 

Nitschia closterium 
(Marine diatom) 

96-hour EC50 0.0331 Rosko & Rachlin, 1975 

Scrippsiella faeroense 
(Marine algae) 

5-day EC50 0.0051 Saifulla, 1978 in ACP, 1999 

Gymnodinium splendens 
(Marine algae) 

5-day EC50 0.0201 Saifulla, 1978 in ACP, 1999) 

Cutrine® (Cu•Triethanolamine plus Cu•Monoethanolamine) 
Microcystis aeruginosa 

(Blue-green algae) 
6-day EC50 to EC60 (0.5 to 1.0)2 

0.0451 to 0.091 
Patnaik, 1980 

Anabaena spiroides 
(Blue-green algae) 

6-day EC60 (1.0)2 

0.091 
Patnaik, 1980 

Peridinium inconspicuum 
(Diatom) 

6-day EC50 (0.5)2 
0.0451 

Patnaik, 1980 
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Table 17: Risk Assessment for Blue-green Algae, Green Algae, Diatoms and Macrophytes with Copper Products (continued) 
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Species 

 
End Point 

 
Concentration (ppm Cu2+)1 

 
Source 

Spirogyra sp. 
(green algae) 

6-day EC40-50 (1.0 to 2.0)2 
             0.091 to 0.181 

Patnaik, 1980 

Hydrilla verticillata 
(Hydrilla) 

4-week EC40 (5.0)2 

[0.4]1 
Myers and Stoner, 1974 

Komeen® (Cu•Ethylenediamine) plus Copper Sulfate Pentahydrate 
Hydrilla verticillata 

(Hydrilla) 
4-week EC55 (0.8)2 

[0.2ppm]1 
Myers and Stoner, 1974 

Hydrilla verticillata 
(Hydrilla) 

4-week EC80-85 (6.3)2 

[0.5 ppm]1 
Myers and Stoner, 1974 

K-Tea™ (Cu•Trietholamine plus Cu•Monoethanolamine) 
Hydrilla verticillata 

(Hydrilla) 
4-week EC40 (5.0)2 

[0.4]1 
Myers and Stoner, 1974 

K-Tea™ + diquat 
Hydrilla verticillata 

(Hydrilla) 
4-week EC90-95 (6.3 ppm  + 0.2 ppm c.e.)2 

[0.5 ppm+0.2 ppm c.e.]1 
Myers and Stoner, 1974 

  

1 
2 

ppm Cu 
ppm formulation



Table 14: Typical Concentration of Copper Products Necessary for Control of Algae and 
Aquatic Vascular Plants 

 
Species Tested/Rate Applied 

Concentration 
(ppm Cu) 

4-day Time-
Weighted EEC 

(ppm Cu)1 

Copper Sulfate 
Extremely sensitive algal species 0.0625-0.125 0.034-0.067 

Sensitive algal species 0.125-0.25 0.067-0.135 
Moderately sensitive algal species  

 
0.25-0.375 0.135-0.20 

Insensitive algal species 0.375-0.5 0.20-0.27 
Potamogeton pectinatus and P. foliosus 0.05-0.10 0.05-0.10 

K-TEA™ 
Sensitive algal species 0.2-0.5 0.11-0.27 

Insensitive algal species 0.5-1.0 0.27-0.54 
Hydrilla verticillata/ Low rate 0.5 0.27 
Hydrilla verticillata/ High rate 

 
1.0 0.54 

Cutrine® or Captain 
Sensitive algae species 0.2 0.11 

Insensitive algae species 0.4 0.22 
Hydrilla verticillata/ Low rate 0.4 0.22 
Hydrilla verticillata/ Mid rate  0.7 0.38 
Hydrilla verticillata/ High rate 1.0 0.54 

   
Komeen® and Nautique™ 

Vascular Aquatic plants/ Low rate 0.5 0.27 
Vascular Aquatic plants/ Mid rate 0.75 0.41 
Vascular Aquatic plants/ High rate 1.0 0.54 

Clearigate® 
Extremely Sensitive alge species  0.1-0.5 0.054-0.27 

Sensitive algal species 0.2-0.6 0.11-0.32 
Insensitive algal species 0.4-0.8 0.22-0.43 

Vascular Aquatic Plants/ Low rate 0.5 0.27 
Vascular Aquatic Plants/ Mid rate 0.75 0.41 
Vascular Aquatic Plants/ How rate 1.0 0.54 

 
1 Assumes a half-life of 2 days for copper products
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Table 15: Laboratory Effects of Copper Formulations on Phytoplankton 
 

Results References 

100 % of tested diatom species are controlled at 2.0 ppm copper 
sulfate pentahydrate (0.5 ppm Cu).  The controlled  species are 
Achnanthes linearis, Gomphonema parvulum and Nitzschia palea.   

Malone and Palmer, 1956 

57% of tested blue-green algal species are controlled at 2.0 ppm 
copper sulfate pentahydrate (0.5 ppm Cu). The controlled species are 
Plectonema nostocorum, Phormidium tenue, Microcysitis aeruginosa 
and Cylindrospermum licheniforme.  Species that were not controlled 
include Symploca erecta, Calothrix brauni and Nostoc muscorum 

Malone and Palmer, 1956 

35% of tested green algal species are controlled at 2.0 ppm copper 
sulfate pentahydrate (0.5 ppm Cu). The controlled species are 
Clamydomonas paradoxa, Chlorella variegata, Chlorococcum 
humicola, Coccomyxa simplex, Gloeocystis grevillei and Sphaerella 
lacustris.  Species that were not controlled are Ankistrodesmus 
falcatus, Chlamydomonas communis, Chlorococcum botryoides, 
Coelastrum proboscideum, Oocystis lacustris Oocystis marsonii, 
Scenedesmus basilensis, Scenedesmus obliquus and Stigeoclonium 
nanum. 

Malone and Palmer, 1956 

2 ppm Cutrine® formulation (0.17 ppm Cu) controlled 100% of the 
diatom (Peridinium inconspicum) and the green algae (Anabaena 
spiroides and Microcystis aeruginosa).  

Patanik, 1980 

2.5 to 3.0 ppm Cutrine® formulation (0.22 to 0.26 ppm Cu) 
controlled  100% of the green algae Spirogyra sp.  

Patnaik, 1980 

0.050 to 0.300 ppm Cu as inorganic copper salt completely inhibits 
growth of Selenastrum capricornutum. 

Bartlett et al 1974 in Harrison, 
1986. 

0.600 ppm Cu as inorganic copper salt completely inhibits growth of 
blue-green algae (Anabaena sp.).  

Laube at al, 1980 in Harrison, 
1986 

Many species of algae not effectively controlled at concentration 
higher than 1.0 ppm Cu as inorganic copper salts including the green 
algae.  It takes 5.0 ppm Cu to control Cladophora sp.   It takes 8.0 
ppm Cu to reduce the growth of Chlamydomonas, Cyclotella 
meneghiana and Scenedesmus quadricuada.  

Cairns et al, 1978 in Harrison, 
1986 

 

Komeen® controls 80-85% Hydrilla verticillata at 0.5 ppm Cu within 
4 weeks. 

Myers and Stoner, 1975 

K-Tea™ controls only 40% Hydrilla verticillata at 0.4 ppm Cu within 
4 weeks.  K-Tea™ + diquat at 0.5 ppm Cu plus 0.2 ppm c.e. control 
90-95% Hydrilla verticillata within 4 weeks. 

Myers and Stoner, 1975 
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Table 16: Field-Effects of Copper Products on Phytoplankton 
 

Results References 

Treatment levels of Cutrine® at 2.2 ppm (Cu TEA) for algae control plus 
Reware® at 3.0 ppm (diquat) formulated copper for the control of 
macrophytes.  At this concentration Cutrine® alone at 2.2 ppm displayed 
herbicidal effects on watermilfoil by the 12th day and some algae control by  
the 8th day.  Algal kill evident at one day and significant algal kill by 4 days.  
By 40 days, algal growth was slowed, probably due to a seasonal change.  
Next season, by the 240th day after treatment, there was abundant algal growth 
but little or no growth of weeds (milfoil and and pondweed).  Watermilfoil 
transplants sucessfully began to grow between transplant date 268 days and 
320 days after treatment but total regrowth was moderate.  There was 
significant growth of pondweed by 320 days.  On day 370, moderate stands of 
watermilfoil had returned, but little pondweed was growing and algae was 
growing and clumping extensively.  

Daniel, 1972 

Copper sulfate used effetively to control algae in Lake Steilacoom 
(Washington) for 25 years.  But no longer advisable due to extensive 
accumulation of copper in the sediment (up to 1000 ppm Cu in some areas). 

Bennett and Cubbage, 1992 

Cutrine® plus copper at 0.46 ppm plus 1.0 ppm satisfactorily control Hydrilla 
verticillata in Inglis Reservoir  (Florida) for up to 9 months. 

Ganstad, 1978 

Copper sulfate plus copper at 0.86 ppm plus 1.0 ppm satisfactorily control 
Hydrilla verticillata in Inglis Reservoir  (Florida) for up to 9 months. 

Ganstad, 1978 

To control blue-green algae in Fairmont Lakes requires 0.12 to 0.5 ppm Cu as 
copper sulfate.  Species controlled at these concentrations are Anabaena 
(0.12-0.48 ppm), Aphanizomenon (0.12 -0.50 ppm), Clathrocystis (0.12 -0.25 
ppm), Microcsytis (0.20 ppm) and Oscillotoria (0.20-0.50 ppm). 

Hale, 1972 in Hanson, and Stefan, 
1984 

To control diatoms in Fairmont Lakes requires 0.12 to 0.5 ppm Cu as copper 
sulfate.  Species controlled at these concentrations are Asterionella (0.12-0.20 
ppm), Fragilaria (0.25 ppm), Melosira (0.20ppm), Snedra (0.36-0.50 ppm), 
Stephanodiscus (0.33 ppm) and Tabellaria (0.12-0.50 ppm). 

Hale, 1972 in Hanson, and Stefan, 
1984 

To control green algae in Fairmont Lakes requires 0.05-1.5 ppm Cu as copper 
sulfate.  Species controlled at these concentrations are Coelastrum (0.05-0.33 
ppm), Confeva (0.25 ppm), Spirogyra (0.12 ppm) and Staurastram (1.5 ppm).  

Hale, 1972 in Hanson, and Stefan, 
1984 

Komeen® controls Hydrilla verticillata in the Cocoplum Waterway (Florida) 
at 1.0 ppm Cu.  After 5 days there was a 90% dropout and after 4 weeks 
control was estimated at 95%.   

Myers and Stoner, 1974 
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Table 17: Risk Assessment for Blue-green Algae, Green Algae, Diatoms and Macrophytes with Copper Products 
 

Test Chemicals – Copper Products 
Short-term EC25-75 (ppm Cu) & [Risk Quotient (RQ1 = EEC2/EC50)] and {Risk Level }(Peterson et al, 1994) 

Risk Assessment with Copper Sulfate and Other Inorganic Copper Salts 

Species Name/ 
Endpoint 

EEC2,3= 
 1.0 ppm Cu 

EEC2,4=  
0.5 ppm Cu 

EEC2,5= 
 0.25ppm Cu 

EEC2,6=  
0.125 ppm Cu 

EEC2,7= 
 0.0625ppm Cu 

EEC2,8= 
 0.03125 ppm Cu 

Anabaena flos –
aquae/  

75% growth 
inhibition 

0.2 
[5] 

{Very High} 

0.2 
[2.5] 

{Very High} 

0.2 
[1.25] 

{Very High} 

0.2 
[0.625] 
{High} 

0.2 
[0.3125] 

{Moderate} 

0.2 
[0.15625] 

{Moderate} 

Mixed algae culture 
(Blue-green algae)/ 

EC50 

0.025 
[40] 

{Very High} 

0.025 
[20] 

{Very High} 

0.025 
[10] 

{Very High} 

0.025 
[5] 

 {Very High} 

0.025 
[2.5] 

{Very High} 

0.025 
[1.25] 

{Very High} 
Mixed algae culture 

(Green algae)/ 
EC50 

0.025 
[40] 

{Very High} 

0.025 
[20] 

{Very High} 

0.025 
[10] 

{Very High} 

0.025 
[5] 

 {Very High} 

0.025 
[2.5] 

{Very High} 

0.025 
[1.25] 

{Very High} 
Selenastrum 

capricornutum 
(Green algae)/ 

Laboratory EC50 

0.085 
[12] 

{Very High} 

0.085 
[6] 

{Very High} 

0.085 
[3] 

{Very High} 

0.085 
[1.5] 

{Very High} 

0.085 
[0.75] 

{High} 

0.085 
[0.375] 

{Moderate} 

Selenastrum 
capricornutum  

 

0.18 
[5.6] 

{Very High} 

0.18 
[2.8] 

{Very High} 

0.18 
[1.4] 

{Very High} 

0.18 
[0.69] 

{High} 

0.18 
[0.35] 

{Moderate} 

0.18 
[0.17] 

{Moderate} 
Selenastrum 

capricornutum  
 

0.25 
[4] 

{Very High} 

0.25 
[2] 

{Very High} 

0.25 
[1] 

{High} 

0.25 
[0.5] 

{High} 

0.25 
[0.25] 

{Moderate} 

0.25 
[0.125] 

{Moderate} 
Selenastrum 

capricornutum  
 

0.58 
[1.7] 

{Very High} 

0.58 
[0.86] 

{High} 

0.58 
[0.43] 

{Moderate} 

0.58 
[0.22] 

{Moderate} 

0.58 
[0.11] 

{Moderate} 

0.58 
[0.053] 

{Potentially Low} 
Selenastrum 

capricornutum  
 

0.79  
[1.26] 

(Very High} 

0.79 
[0.63] 

{High} 

0.79 
[0.32] 

{Moderate} 

0.79 
[0.16] 

{Moderate} 

0.79 
[.0.079] 

{Potentially Low} 

0.79 
[0.040] 

{Potentially Low} 
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Table 17: Risk Assessment for Blue-green Algae, Green Algae, Diatoms and Macrophytes with Copper Products (continued) 
 

 
Test Chemicals – Copper Products 

Short-term EC25-75 (ppm Cu) & [Risk Quotient (RQ1 = EEC2/EC50)] and {Risk Level }(Peterson et al, 1994) 
Risk Assessment with Copper Sulfate and Other Inorganic Copper Salts 

Species Name EEC2,3= 
 1.0 ppm Cu 

EEC2,4=  
0.5 ppm Cu 

EEC2,5= 
 0.25ppm Cu 

EEC2,6=  
0.125 ppm Cu 

EEC2,7= 
 0.0625ppm Cu 

EEC2,8= 
 0.03125 ppm Cu 

Selenastrum 
capricornutum  

 

0.86 
[1.16] 

{Very High} 

0.86 
[0.58] 

{High} 

0.86 
[0.29] 

{Moderate) 

0.86 
[0.15] 

{Moderate} 

0.86 
[0.073] 

{Potenially Low} 

0.86 
[0.036] 

{Potentially Low} 
Selenastrum 

capricornutum  
 

0.88 
[1.14] 

{Very High} 

0.88 
[0.57] 

{High} 

0.88 
[0.28] 

{Moderate} 

0.88 
[0.14] 

{Moderate} 

0.88 
[0.071] 

{Potentially Low} 

0.88 
[0.036] 

{Potentially Low} 
Selenastrum 

capricornutum  
 

2.26 
[0.44] 

{Moderate} 

2.26 
[0.22] 

{Moderate} 

2.26 
[0.11] 

{Moderate} 

2.26 
[0.055] 

{Potentially Low} 
 

2.26 
[0.028] 

{Potentially Low} 

2.26 
[0.014] 

{Potentially Low} 

Selenastrum 
capricornutum  

 

2.5 
[0.4] 

{Moderate) 

2.5 
[0.2] 

{Moderate} 

2.5 
[0.1] 

{Moderate} 

2.5 
[0.05] 

{Potentially Low} 

2.5 
[0.025] 

{Potentially Low} 

2.5 
[0.0125] 

{Potentially Low} 
Spirulina platensis 

(Green algae)/ 
EC40 

0.05 
[20] 

{Very High} 

0.05 
[10] 

{Very High} 

0.05 
[5] 

{Very High} 

0.05 
[2.5] 

{Very High} 

0.05 
[1.25] 

{Very High} 

0.05 
[0.625] 
{High} 

Chlorella vulgaris 
(Green algae)/ 

EC40 

0.14 
[7.1] 

{Very High} 

0.14 
[3.6] 

{Very High} 

0.14 
[1.79] 

{Very High} 

0.14 
[0.89] 

{High} 

0.14 
[0.45] 

{Moderate) 

0.14 
[0.22] 

{Moderate} 
Chlorella vulgaris 

(Green algae)/ 
EC40-60 

0.062 
[16] 

{Very High} 

0.062 
[8.1] 

{Very High} 

0.062 
[4.0] 

{Very High} 

0.062 
[2.1] 

{Very High} 

0.062 
[1.0] 

{Moderate} 

0.062 
[0.050] 

{Potentially Low} 
Scenedesmus 
acuminatus 

(Green algae)/ 
EC40 

0.3 
[3.33] 

{Very High} 

0.3 
[1.67] 

{Very High} 

0.3 
[0.83] 

{High} 

0.3 
[0.42] 

{Moderate} 

0.3 
[0.21] 

{Moderate} 

0.3 
[0.10] 

{Potentially Low} 
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Table 17: Risk Assessment for Blue-green Algae, Green Algae, Diatoms and Macrophytes with Copper Products (continued) 
 

 
Test Chemicals – Copper Products 

Short-term EC25-75 (ppm Cu) & [Risk Quotient (RQ1 = EEC2/EC50)] and {Risk Level }(Peterson et al, 1994) 
Risk Assessment with Copper Sulfate and Other Inorganic Copper Salts 

Species Name EEC2,3= 
 1.0 ppm Cu 

EEC2,4=  
0.5 ppm Cu 

EEC2,5= 
 0.25ppm Cu 

EEC2,6=  
0.125 ppm Cu 

EEC2,7= 
 0.0625ppm Cu 

EEC2,8= 
 0.03125 ppm Cu 

Scenedesmus sp. 
(Green algae) 

Susceptible strain/ 
EC25 

0.05 
[20] 

{Very High} 

0.05 
[10] 

{Very High} 

0.05 
[5] 

{Very High} 

0.05 
[2.5] 

{Very High} 

0.05 
[1.25] 

{Very High} 

0.05 
[0.625] 
{High} 

Navicula incerta 
(Freshwater diatom)/ 

4-day EC50 

10.45 
[0.096] 

{Potentially Low} 

10.45 
[0.048] 

{Potentially Low} 

10.45 
[0.023] 

{Potentially Low} 

10.45 
[0.012] 

{Potentially Low} 

10.45 
[0.0060] 

{Potentially Low} 

10.45 
[0.0030] 

{Potentially Low} 
Nitzschia linearis 

(Freshwater diatom)/ 
5-day EC50 

0.8 
[1.25] 

{Very High} 

0.8 
[0.625] 
{High} 

0.8 
[0.3125] 

{Moderate} 

0.8 
[0.15625] 

{Moderate} 

0.8 
[0.078125] 

{Potentially Low} 

0.8 
[0.0390625] 

{Potentially Low} 
Skeletonema 

costatum 
(Marine diatom)/ 

14-Day EC50 

0.05 
[20] 

{Very High} 

0.05 
[10] 

{Very High} 

0.05 
[5] 

{Very High} 

0.05 
[2.5] 

{Very High} 

0.05 
[1.25] 

{Very High} 

0.05 
[0.625] 
{High} 

Nitzschia closterium 
(Marine diatom)/ 

4-day EC50 

0.033 
[30] 

{Very High} 

0.033 
[15] 

{Very High} 

0.033 
[7.6] 

{Very High} 

0.033 
[3.8] 

{Very High} 

0.033 
[1.9] 

{Very High} 

0.033 
[0.95] 

{High} 
Gymnodinium 

splendens 
 (Marine algae)/ 

5-day EC50 

0.020 
[50] 

 {Very High} 

0.020 
[25] 

{Very High} 

0.020 
[12.5] 

{Very High} 

0.020 
[6.25] 

{Very High} 

0.020 
[3.125] 

{Very High} 

0.020 
[1.5625] 

{Very High} 

Scrippsiella 
faeroense 

(Marine algae)/ 
5-day EC50 

0.005 
[200] 

{Very High} 

0.005 
[100] 

{Very High} 

0.005 
[50] 

{Very High} 

0.005 
[25] 

 {Very High} 

0.005 
[12.5] 

{Very High} 

0.005 
[6.25] 

{Very High} 

Thalassiosira 
pseudonana 

(Marine Algae)/ 
3-day EC50 

0.005 
[200] 

{Very High} 

0.005 
[100] 

{Very High} 

0.005 
[50] 

{Very High} 

0.005 
[25] 

 {Very High} 

0.005 
[12.5] 

{Very High} 

0.005 
[6.25] 

{Very High} 
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Table 17: Risk Assessment for Blue-green Algae, Green Algae, Diatoms and Macrophytes with Copper Products (continued) 
 

Test Chemicals – Copper Products 
Short-term EC25-75 (ppm Cu) & [Risk Quotient (RQ1 = EEC2/EC50)] and {Risk Level }(Peterson et al, 1994) 

Risk Assessment with Copper Sulfate and Other Inorganic Copper Salts 
Species Name EEC2,3= 

 1.0 ppm Cu 
EEC2,4=  

0.5 ppm Cu 
EEC2,5= 

 0.25ppm Cu 
EEC2,6=  

0.125 ppm Cu 
EEC2,7= 

 0.0625ppm Cu 
EEC2,8= 

 0.03125 ppm Cu 
Asterionella 

japonica 
(Marine Algae)/ 

3-day EC50 

0.0127 
[79] 

{Very High} 

0.0127 
[39] 

{Very High} 

0.0127 
[20] 

{Very High} 

0.0127 
[9.8] 

{Very High} 

0.0127 
[4.9] 

{Very High} 
 

0.0127 
[2.5] 

{Very High} 

Amphidinium carteri 
(Marine Algae)/ 

14-day EC50 

<0.05 
[>20] 

{Very High} 

<0.05 
[>10] 

{Very High} 

<0.05 
[>5] 

{Very High} 

<0.05 
[>2.5] 

{Very High} 

<0.05 
[>1.25] 

{Very High} 

<0.05 
[>0.625] 
{High} 

Lemna trisulca 
(Duckweed) 

EC50 in presence of  
9μM EDTA9 

0.228 
[4.4] 

{Very High} 

0.228 
[2.2] 

{Very High} 

0.228 
[1.1] 

{Very High} 

0.228 
[0.55] 

{High} 

0.228 
[0.27] 

{Moderate} 

0.228 
[0.14] 

{Moderate} 

Lemna trisulca 
(Duckweed)/ 

EC50 in presence of  
81μM EDTA 

3.5 
[0.29] 

{Potentially Low} 

3.5 
[0.14] 

{Potentially Low} 

3.5 
[0.071] 

{Potentially Low} 

3.5 
[0.036] 

{Potentially Low} 

3.5 
[0.017] 

{Potentially Low} 

3.5 
[0.0089] 

{Potentially Low} 

Spirodela polyrhiza 
(Giant duckweed)/ 
EC50 in presents of 

6.7 μM EDTA 

0.286 
[3.5] 

{Very High} 

0.286 
[1.75] 

{Very High} 

0.286 
[0.87] 

{High} 

0.286 
[0.44] 

{Moderate} 

0.286 
[0.22] 

{Moderate} 

0.286 
[0.11] 

{Moderate} 

Spirodela polyrhiza 
(Giant duckweed)/ 
EC50 in presents of 

403μM EDTA 

19.7 
[0.051] 

{Potentially Low} 

19.7 
{0.025} 

{Potentially Low} 

19.7 
[0.0127] 

{Potentially Low} 

19.7 
[0.0063] 

{Potentially Low} 

19.7 
[0.0032] 

{Potentially Low} 

19.7 
[0.0016] 

{Potentially Low} 

Hydrilla verticillata 
(Hydrilla)/ 

4-week EC23 

0.4 
[2.5] 

{Very High 

0.4 
[1.25] 

{Very High} 

0.4 
[0.625] 
{High} 

0.4 
[0.3125] 

{Moderate} 

0.4 
[0.15625] 

{Moderate} 

0.4 
[0.078] 

{Potentially Low} 
Macrocystis pyrifera 

(Giant Kelp –
Marine)/ 

4-day EC50 

0.1 
[10] 

{Very High} 

0.1 
[5] 

(Very High) 

0.1 
[2.5] 

(Very High} 

0.1 
[1.25] 

{Very High} 

0.1 
[0.625] 
{High} 

0.1 
[0.3125] 

{Moderate} 
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Table 17: Risk Assessment for Blue-green Algae, Green Algae, Diatoms and Macrophytes with Copper Products (continued) 
 

 
Test Chemicals – Copper Products 

Short-term EC25-75 (ppm Cu) & [Risk Quotient (RQ1 = EEC2/EC50)] and {Risk Level }(Peterson et al, 1994) 
Risk Assessment with Copper Sulfate and Other Inorganic Copper Salts 

Species Name EEC2,3 
 1.0 ppm Cu 

EEC2,4  
0.5 ppm Cu 

EEC2,5 
 0.25ppm Cu 

EEC2,6  
0.125 ppm Cu 

EEC2,7 
 0.0625ppm Cu 

EEC2,8 
 0.03125 ppm Cu 

Cutrine® 
Microcystis 
aeruginosa 

(Blue-green algae)/ 
6-day EC50-60 

0.064 
[15.6] 

{Very High} 

0.064 
[7.8] 

{Very High} 

0.064 
[3.9] 

{Very High} 

0.064 
[1.95] 

{Very High} 

0.064 
[0.98] 

{High} 

0.064 
[0.49] 

{Moderate] 

Anabaena speodies 
(Blue-green algae)/ 

6-day EC60 

0.09 
[11] 

{Very High} 

0.09 
[5.6] 

{Very High} 

0.09 
[2.8] 

{Very High} 

0.09 
[2.8] 

{Very High} 

0.09 
[0.69] 

{High} 

0.09 
[0.34] 

{Moderate} 
Spirogyra sp. 
(Green algae 

species)/ 
6-day EC40-50 

0.13 
[7.7] 

{Very High) 

0.13 
[3.8] 

{Very High} 

0.13 
[1.9] 

(Very High} 

0.13 
[0.96] 

{High} 

0.13 
[0.48] 

{Moderate} 

0.13 
[0.24] 

{Moderate} 

Peridinium 
inconspicuum 

(Diatom)/ 
6-day EC50 

0.045 
[22] 

{Very High} 

0.045 
[11] 

{Very High} 

0.045 
[5.6] 

{Very High} 

0.045 
[2.8] 

{Very High} 

0.045 
[1.4] 

{Very High} 

0.045 
[0.69] 

{High} 

Komeen® 
Species Name EEC2,3= 

 1.0 ppm Cu 
EEC2=  

0.5 ppm Cu 
EEC2,5= 

 0.25ppm Cu 
EEC2=  

0.125 ppm Cu 
EEC2,7= 

 0.0625ppm Cu 
EEC2= 

 0.03125 ppm Cu 
Hydrilla verticillata 

(Hydrilla)/ 
4-week EC55 

0.2 
[5] 

{Very High} 

0.2 
[2.5] 

{Very High} 

0.2 
[1.25] 

{Very High} 

0.2 
[0.625] 
{High} 

0.2 
[0.3125] 

{Moderate} 

0.2 
[0.15625] 

{Moderate} 
K-Tea™ 

Species Name EEC2,3= 
 1.0 ppm Cu 

EEC2=  
0.5 ppm Cu 

EEC2,5= 
 0.25ppm Cu 

EEC2=  
0.125 ppm Cu 

EEC2= 
 0.0625ppm Cu 

EEC2= 
 0.03125 ppm Cu 

Hydrilla verticillata 
(Hydrilla) 

4-week EC55 

0.4 
[2.5] 

{Very High 

0.4 
[1.25] 

{Very High} 

0.4 
[0.625] 
{High} 

0.4 
[0.3125] 

{Moderate} 

0.4 
[0.15625] 

{Moderate} 

0.4 
[0.078] 

{Potentially Low} 
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Table 17: Risk Assessme

1 RQ = Risk Quotient (unitless) 
2 EEC = Expected Environmental Concentration  
3 Highest EEC immediately after treatment with highest labeled use rate of copper products allowed by the EPA = 1.0 ppm Cu 
4 Highest EEC immediately after treatment according to Triangle Brand Copper Sulfate Crystal Label = 0.5 ppm Cu  
5 Typical four-day time weighted average EEC when a copper product applied at 0.5 ppm Cu or application rate for the control of sensitive algae species is 

~0.25 ppm Cu.  
6 Highest EEC immediately after application of copper sulfate for control of sensitive and extremely sensitive algae species is 0.125 ppm Cu.   
7 Highest four-day time-weighted average EEC when copper sulfate is applied at 0.125 ppm Cu or application for control of sensitive algae species is ~0.0625 

ppm Cu. 
8 Highest four-day time weighted average EEC when copper sulfate is applied at 0.0625 ppm Cu is ~0.03125 ppm Cu. 
9 EDTA = ethylenediaminetetraacetic acid 
 
 
 
 
 
 
 

 



Table 18: Acute Toxicity of copper Products to Fish 
 

Species Size/Age Class Hardness (ppm) 1D LC50 (ppm 
Cu Salt or form) 

[ppm Cu2+] 

2D LC50 
(ppm Cu 
Salt or 

form) [ppm 
Cu2+] 

3D LC50 
(ppm Cu 
Salt or 

form) [ppm 
Cu2+] 

4D LC50 (ppm 
Cu Salt  or 
form [ppm 

Cu2+] 

Source 

Copper Sulfate Pentahydrate and Other Inorganic Divalent Copper Salts (25% - 40% Cu2+) 
Agosia chrysogaster 

(longfin dace) 
NR 218 NR NR NR (3.44)1 

[0.86]2,3 
Lewis, 1978 in Harrison, 

1986 
Acrocheilus gluteaceus 

(Chiselmouth) 
Adult 51-100 NR NR NR (0.572)1 

[0.143]2,3 
Andros & Gartner, 1980 in 
Harrison, 1986 and ACP, 

1999 
Anguilla rostrtata  

(American eel) 
Glass Eel & Black 

eel stage 
40-48 ppm h4 

30-35 ppm a5 
NR NR NR (11.5)1 

[2.87]2,3 
Hinton and Eversole, 1978 

& 1979 in ACP, 1999 
Anguilla rostrata  
(American eel) 

NR NR (42.4)1 

[10.6]2,3 
(32.8)1 

[8.2]2,3 
NR (25.6)1 

[6.4]2,3 
Rewholdt et al, 1971 in 

Harrison, 1986 
Brachdanio rario  

(Zebrafish) 
NR >200 (2.28)1 

[0.57] 
(1.0)1 

[0.25]2 
NR (0.84)1 

[0.21]2,3 
Belleviere and Gorbi, 1981 

in Harrison, 1986 
Carrasius  auratus  

(Goldfish) 
0.9 grams 272 NR NR NR (1.38)1 

[0.345]2,3 
Johnson and Finley, 1980 

Cirrhina mrigala 
(Hamilton’s carp) 

Sac-fry NR  NR NR NR (6.0)1 

[1.5]2,3 
Rewholdt et al, 1971 in 

Harrison, 1986 
Cyprinodon variegatus 
(Sheepshead minnow) 

Adult Seawater NR NR NR [1.12]1 

[0.280]2,3 
EPA Memorandum in ACP, 

1999 
Cyprinus carpio  
(Common carp) 

NR  NR  (8.4)1 

[2.1]2,3 
(4.0)1 

[1.0]2,3 
NR (3.24)1 

[0.81]2,3 
Rehwoldt et al, 1972 in 

ACP, 1999 

Danio malabaricus 
(Giant danio) 

NR 190 (2.0) 
[0.50] 

NR NR NR Saxena et al, 1982 in 
Harrrison, 1986 

Ethestoma caeruleum 
(Rainbow darter) 

Adult 200 NR NR NR (1.28)1 

[0.320]2,3 
Geckler et al, 1976 in 

Harrison, 1986 & ACP, 
1999 
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Table 18: Acute Toxicity of copper Products to Fish (continued) 
 

 
Species Size/Age Class Hardness (ppm) 1D LC50 (ppm 

Cu Salt or form) 
[ppm Cu2+] 

2D LC50 
(ppm Cu 
Salt or 

form) [ppm 
Cu2+] 

3D LC50 
(ppm Cu 
Salt or 

form) [ppm 
Cu2+] 

4D LC50 (ppm 
Cu Salt  or 
form [ppm 

Cu2+] 

Source 

Copper Sulfate Pentahydrate and Other Inorganic Divalent Copper Salts (25% - 40% Cu2+) 
Ethestoma spectabie 
(Orangethroat darter) 

Adult 200 NR NR NR (3.4)1 

[0.850]2,3 
Geckler et al, 1976 in 

Harrison, 1986 & ACP, 
1999 

Fundulus diaphinus  
(Banded killifish) 

NR 53 (6.0)1 

[1.5]2,3 
(3.68)1 

[0.92]3,3 
NR (3.4)1 

[0.86]2,3 
Rewholdt et al, 1971 & 
1972 in ACP, 1999 and 

Harrison, 1986 
Gambusia affinis 
(Mosquito fish) 

Adult female 105 NR NR NR (3.33)1,3 

[1.32]2,3 
Duke et al, 1979 

Gambusia affinis 
(Mosquito fish) 

Adult female 210 NR NR NR (20.57)1,3 

[8.18]2,3 
Duke et al, 1979 

Gambusia affinis 
(Mosquito fish) 

Adult female 210 NR NR NR (3.53)1,3 

[1.40]2 
Duke et al, 1979 

Gambusia affinis 
(Mosquito fish) 

Adult male  210 NR NR NR (2.04)1,3 

[0.81]2,3 
Duke et al, 1979 

Gambusia affinis 
(Mosquito fish) 

Adult 0-50 NR NR NR (0.58)1 

[0.147]2,3 
Joshi & Rege, 1980 in ACP, 

1999 
Ictalurus nebulosus 
 (Brown bullhead) 

Adults 200 NR NR NR (0.72)1 

[0.180]2,3 
Brungs et al, 1973 in 

Harrison, 1986 
Ictalurus punctatus  
(Channel catfish) 

86mm 
3.9 grams 

16h/16a NR NR NR (0.22)1 

[0.054]2,3 
Straus & Tucker, 1993 

Ictalurus punctatus  
(Channel catfish) 

79mm 
3.0 grams 

83h/76a NR NR NR (2.92)1 

[0.700]2,3 
Straus & Tucker, 1993 

Ictalurus punctatus  
(Channel catfish) 

86mm 
3.9 grams 

167h/127a NR NR NR (3.07)1 

[0.768]2,3 
Straus & Tucker, 1993 

Ictalurus punctatus  
(Channel catfish) 

86mm 
3.9 grams 

287h/240a NR NR NR (3.7)1 

[0.925]2,3 
Straus & Tucker, 1993 

Jordanella floridae 
(Flagfish) 

NR Hard NR (6.36)1 

[1.59]2.3 
NR (5.1)1 

[1.27]2.3 
Fogels et al, 1977 in 

Harrison, 1986 
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Table 18: Acute Toxicity of copper Products to Fish (continued) 
 

 
Species Size/Age Class Hardness (ppm) 1D LC50 (ppm 

Cu Salt or form) 
[ppm Cu2+] 

2D LC50 
(ppm Cu 
Salt or 

form) [ppm 
Cu2+] 

3D LC50 
(ppm Cu 
Salt or 

form) [ppm 
Cu2+] 

4D LC50 (ppm 
Cu Salt  or 
form [ppm 

Cu2+] 

Source 

Copper Sulfate Pentahydrate and Other Inorganic Divalent Copper Salts (25% - 40% Cu2+) 
Lepomis macrochirus  

(Bluegill sunfish) 
1.5 grams 272 NR NR NR (0.884)1,3 

[0.221]2 
Johnson & Finley, 1980 

Lepomis macrochirus  
(Bluegill sunfish) 

NR NR  
(Hard) 

NR NR NR (29.2)1 

[7.3]2,3 
Beste, 1983 

Lepomis macrochirus  
(Bluegill sunfish) 

NR 44 NR NR NR (3.5)1 

[0.884]2,3 
Beste, 1983 

Lepomis cyanocephalus 
(Green sunfish) 

1.1 grams 272 NR NR NR (3.51)1,3 
[0.877]2 

Johnson & Finley, 1980 

Lepomis macrochirus  
(Bluegill sunfish) 

NR NR (17.6)1 

[4.4]2,3 
(14.4)1 

[3.6]2,3 
NR (10.4)1 

[2.6]2,3 
Warf Institute, 1975 

Lepomis macrochirus  
(Bluegill sunfish) 

1.04 grams NR (11.2)1 

[2.8]2,3 
(11.2)1 

[2.8]2,3 
NR (11.2)1 

[2.8]2,3 
Cope, 1964 

Lepomis gibbosus  
(Pumpkinseed sunfish) 

NR NR (15.2)1 

[3.8]2,3 
(11.6)1 

[2.9]2,3 
NR (9.6)1 

[2.4]2,3 
Rewholdt et al, 1971 in 

Harrison, 1986 
Lebistes reticlatus 

(Guppy) 
NR NR 

(Soft) 
(0.520)1 

[0.130]2,3 
(0.292)1 

[0.073]2,3 
NR (0.144)1 

[0.036]2,3 
Pickering & Henderson, 
1966 in Harrison, 1986 

Menidia menidia 
(Atlantic silverside) 

Sac-fry NR 
(Seawater) 

NR NR NR (0.5868)1 

[0.1467]2,3 
Unpublished in ACP, 1999

Menida peninsulae 
(Tidewater silverside) 

Adult NR 
(Seawater) 

NR NR NR (0.560)1 

[0.140]2,3 
Unpublished in ACP, 1999

Morone saxatilis  
(Striped bass) 

Sac fry NR (0.75)1,3 

[0.19]2 
(0.25)1,3 

[0.063]2 
(0.25)1,3 

[0.063]2 
(0.10)1,3 

[0.025]2 
Hughes, 1973, Hughes, 

1969 
Morone saxatilis  

(Striped bass) 
35-51mm fry NR (0.40)1,3 

[0.10]2 
(0.25)1,3 

{0.063]2 
(0.15)1,3 

[0.038]2 
(0.10)1,3 

[0.025]2 
Hughes, 1973, Hughes, 196

Morone saxatilis  
(Striped bass) 

60mm  
2.7 grams 

35h/64a (1.5)1,3 

[0.38]2 
(1.15)1,3 

[0.29]2 
NR (0.62)1,3 

[0.155]2 
Wellborne et al, 1969 

Notemigonus crysoleucus  
(Golden shiner) 

2.56 grams NR (1.08)1 

[0.27]2,3 
NR NR NR Cairns et al, 1978 in 

Harrison, 1986 
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Table 18: Acute Toxicity of copper Products to Fish (continued) 
 

Species Size/Age Class Hardness (ppm) 1D LC50 (ppm 
Cu Salt or form) 

[ppm Cu2+] 

2D LC50 
(ppm Cu 
Salt or 

form) [ppm 
Cu2+] 

3D LC50 
(ppm Cu 
Salt or 

form) [ppm 
Cu2+] 

4D LC50 (ppm 
Cu Salt  or 
form [ppm 

Cu2+] 

Source 

Copper Sulfate Pentahydrate and Other Inorganic Divalent Copper Salts (25% - 40% Cu2+) 
Notropis atherinoides  

(Emerald shiner) 
60mm 

 
132 (>0.8)1,3 

[>0.20]2 
(0.10)1,3 

[0.025]2 
(0.10)1,3 

[0.025]2 
(0.10)1,3 

[0.025]2 
Swabey & Schenk, 1963 

Perciformes sp. 
(Mixed Perch species) 

NR Soft NR NR NR (2.64)1 

[0.660]2,3 
Spier & Pierce, 1979 in 

Harrison, 1986 
Perciformes sp. 

(Mixed Perch species) 
NR Hard NR NR NR (10.2)1 

[2.55]2,3 
Spier & Pierce, 1979 in 

Harrison, 1986 
Oncorhynchus clarkii 

(Cutthroat trout) 
NR Low hardness 

Low alkalinity 
NR NR NR (0.064)1 

[0.016]2,3 
Chakoumakos et al, 1979 in 

Harrison, 1986 
Oncorhynchus clarkii 

(Cutthroat trout) 
NR Medium hardness

Low alkalinity 
NR NR NR (0.176)1 

[0.044]2,3 
Chakoumakos et al, 1979 in 

Harrison, 1986 
Oncorhynchus clarkii 

(Cutthroat trout) 
NR High hardness 

Low alkalinity 
NR NR NR (0.364)1 

[0.091]2,3 
Chakoumakos et al, 1979 in 

Harrison, 1986 
Oncorhynchus clarkii 

(Cutthroat trout) 
NR Low hardness 

Medium 
alkalinity 

NR NR NR (0.296)1 

[0.074]2,3 
Chakoumakos et al, 1979 in 

Harrison, 1986 

Oncorhynchus clarkii 
(Cutthroat trout) 

NR Medium hardness
Medium 
alkalinity 

NR NR NR (0.648)1 

[0.162]2,3 
Chakoumakos et al, 1979 in 

Harrison, 1986 

Oncorhynchus clarkii 
(Cutthroat trout) 

NR High hardness 
Medium 
alkalinity 

NR NR NR (0.928)1 

[0.232]2,3 
Chakoumakos et al, 1979 in 

Harrison, 1986 

Oncorhynchus clarkii 
(Cutthroat trout) 

NR Low hardness 
High alkalinity 

NR NR NR (0.148)1 

[0.037]2,3 
Chakoumakos et al, 1979 in 

Harrison, 1986 
Oncorhynchus clarkii 

(Cutthroat trout) 
NR Medium hardness

High alkalinity 
NR NR NR (0.744)1 

[0.186]2,3 
Chakoumakos et al, 1979 in 

Harrison, 1986 
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Table 18: Acute Toxicity of copper Products to Fish (continued) 
 

 
Species Size/Age Class Hardness (ppm) 1D LC50 (ppm 

Cu Salt or 
form) [ppm 

Cu2+] 

2D LC50 (ppm 
Cu Salt or 

form) [ppm 
Cu2+] 

3D LC50 
(ppm Cu 
Salt or 

form) [ppm 
Cu2+] 

4D LC50 (ppm 
Cu Salt  or 
form [ppm 

Cu2+] 

Source 

Copper Sulfate Pentahydrate and Other Inorganic Divalent Copper Salts (25% - 40% Cu2+) 
Oncorhynchus clarkii 

(Cutthroat trout) 
NR High hardness 

High alkalinity 
NR NR NR (1.468)1 

[0.367]2,3 
Chakoumakos et al, 1979 in 

Harrison, 1986 
Oncorhynchus kisutch  

(Coho salmon) 
Juveniles 50-100 NR NR NR (0.268)1 

[0.067]2,3 
Lorz & McPherson, 1976 

Oncorhynchus mykiss 
(Rainbow trout) 

1.6 grams 272 NR NR NR (0.135)1,3 

[0.034]2 
Johnson & Finney, 1980 

Oncorhynchus mykiss 
(Rainbow trout) 

NR NR (0.136)1 

[0.034]2,3 
(0.120)1 
[0.030]2,3 

NR (0.128)1 

[0.032]2,3 
Warf Institute, 1975 

Oncorhynchus mykiss 
(Rainbow trout) 

NR NR  
(Soft) 

NR NR NR (0.54)1 

[0.135]2,3 
Beste, 1983 

Oncorhynchus mykiss 
(Steelhead) 

Sac-fry 24h/22a NR NR NR (0.112)1 

[0.028]2,3 
Chapman, 1978 

Oncorhynchus mykiss 
Steelhead) 

Swim-up fry 24h/22a NR NR NR (0.068)1 

[0.017]2,3 
Chapman, 1978 

Oncorhynchus mykiss 
(Steelhead) 

Parr 24h/22a NR NR NR (0.072)1 

[0.018]2,3 
Chapman, 1978 

Oncorhynchus mykiss 
(Steelhead) 

Smolts 24h/22a NR NR NR (0.116)1 

[0.029]2,3 
Chapman, 1978 

Oncorhynchus tshawytscha 
(Chinook salmon) 

Sac-fry 24h/22a NR NR NR (0.104)1 

[0.026]2,3 
Chapman, 1978 

Oncorhynchus tshawytscha 
(Chinook salmon) 

Swim-up fry 24h/22a NR NR NR (0.076)1 

[0.019]2,3 
Chapman, 1978 

Oncorhynchus tshawytscha 
(Chinook salmon) 

Parr 24h/22a NR NR NR (0.152)1 

[0.038]2,3 
Chapman, 1978 

Oncorhynchus tshawytscha 
(Chinook salmon) 

Smolt 24h/22a NR NR NR (0.104)1 

[0.026]2,3 
Chapman, 1978 

Oncorhynchus tshawytscha 
(Chinook salmon) 

Sac-fry NR NR NR NR (0.20-0.36)1 

[0.049-0.089]2,3
Finlayson & Verrue, 1980 

in Harrison, 1986 
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Table 18: Acute Toxicity of copper Products to Fish (continued) 
 

Species Size/Age Class Hardness (ppm) 1D LC50 (ppm 
Cu Salt or 

form) [ppm 
Cu2+] 

2D LC50 (ppm 
Cu Salt or 

form) [ppm 
Cu2+] 

3D LC50 
(ppm Cu 
Salt or 

form) [ppm 
Cu2+] 

4D LC50 (ppm 
Cu Salt  or 
form [ppm 

Cu2+] 

Source 

Copper Sulfate Pentahydrate and Other Inorganic Divalent Copper Salts (25% - 40% Cu2+) 
Oncorhynchus tshawytscha 

(Chinook salmon) 
Juveniles NR NR NR NR (0.128)1 

[0. 032]2,3 
Finlayson & Verrue, 1982 

in Harrison, 1986 
Oncorhynchus tshawytscha 

(Chinook salmon) 
Young fish (Sub-

adults) 
NR NR NR NR (0.712)1 

[0.178]2,3 
Washington State Dept. 
Fish. Res. Bull.., 1960 in 

Harrison, 1986 
Oncorhynchus tshawytscha 

(Chinook salmon) 
Adults 0-50 NR NR NR (0.17)1 

[0.042]2,3 
Chapman 1975 in ACP, 

1999 
Paralichthys dentatus 
 (Summer flounder) 

NR NR 
(Seawater) 

NR NR NR (0.112)1 

[0.028]2,3 
EPA working group, 1980 

Paralichthys dentatus 
 (Summer flounder) 

Embryo NR 
(Seawater) 

NR NR NR (0.187)1 

[0.0467]2,3 
Unpublished in ACP, 1999

Perca americana  
(White perch) 

NR NR 
(Freshwater) 

NR NR NR (24.8)1 

[6.2]2,3 
Rehwoldt et al, 1971 in 

Harrison, 1986 
Pimephales promelas 

 (Fathead minnow) 
4 days Freshwater  

Water Only 
6-10 ppm h 
20-50 ppm a 

NR (0.0808)1 

[0.0202]2,3] 
NR (0.050)1 

[0.0125]2,3 
Suedel et al, 1996 

Pimephales promelas 
(Fathead minnow) 

4 days Freshwater 
Overlying water 

8-120ppm h 
34-56 ppm a 

NR (0.0708)1 

[0.0177]2,3] 
NR (0.0512)1 

[0.0128]2,3 
Suedel et al, 1996 

Pimephales promelas  
(Fathead minnow) 

4 days Freshwater  
Pore water 

8-120ppm h 
34-56 ppm a 

NR (0.272)1 

[0.0689]2.3 
NR (0.2164)1 

[0.0541]2,3 
Suedel et al, 1996 

Pimephales promelas  
(Fathead minnow) 

4 days Freshwater 
Sediment 

8-120ppm h 
34-56 ppm a 

NR (1712)1 

[428]2,3 
NR (106)1 

[265]2,3 
Suedel et al, 1996 
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Table 18: Acute Toxicity of copper Products to Fish (continued) 
 

Species Size/Age Class Hardness (ppm) 1D LC50 (ppm 
Cu Salt or 

form) [ppm 
Cu2+] 

2D LC50 (ppm 
Cu Salt or 

form) [ppm 
Cu2+] 

3D LC50 
(ppm Cu 
Salt or 

form) [ppm 
Cu2+] 

4D LC50 (ppm 
Cu Salt  or 
form [ppm 

Cu2+] 

Source 

Copper Sulfate Pentahydrate and Other Inorganic Divalent Copper Salts (25% - 40% Cu2+) 
Pimephales promelas 

(Fathead minnow) 
1.2 grams  272 NR NR NR (0.838)1,3 

[0.210]2 
Johnson & Finney, 1980 

Pimephales promelas 
 (Fathead minnow) 

6-month sub-adults NR  
(Probably soft) 

(0.19)1,3 

[0.048]2 
(0.19)1,3 

[0.048]2 
NR (0.18)1,3 

[0.045]2 
Malone and Palmer, 1956 

Pimephales promelas 
(Fathead minnow) 

NR NR 
(Soft ) 

NR NR NR (0.30)1,3 

[0.075]2 
Mount and Stephan, 1974 in 

Harrison,1986 
Pimephales promelas 

(Fathead minnow) 
NR NR 

(Soft ) 
(0.152)1 

[0.038]2,3 
(0.112)1 

[0.028]2,3 
NR (0.092)1 

[0.023]2,3 
Pickering & Henderson, 
1966 in Harrison, 1986 

Pimephales promelas 
(Fathead minnow) 

NR NR 
(Hard) 

(8.600)1 

[2.150]2,3 
(6.000)1 

[1.500]2,3 
NR (5.800)1 

[1.450]2,3 
Pickering & Henderson, 
1966 in Harrison, 1986 

Pimephales notatus 
(Bluntnosed minnow) 

Adult 200 NR NR NR (1.04)1 

[0.260]2,3 
Geckler et al,1963 in 

Harrison, 1986 
Poecilla reticulatus 

(Guppy) 
NR 67 NR NR NR (0.552)1 

[0.138]2,3 
Chynoweth et al, 1976 in 

Harrison, 1986  
Poecilla reticulatus  

(Guppy) 
NR 87 NR NR NR (0.448)1 

[0.112]2,3 
Chynoweth et al, 1976 in 

Harrison, 1986  
Punctus ticto 

(Checkered barb) 
NR 190 (12.0)1 

[3.0]2,3 
NR NR NR Saxena et al, 1982 in 

Harrison, 1986 
Ptychocheilus oregonensis 

(Northern Squafish) 
Juvenile NR NR NR NR (0.072)1 

[0.018]2,3 
Andros & Garton, 1980 in 

Harrison, 1986 
Pseudopleuronectes 

americanus 
(Winter flounder) 

Embryo NR 
(Seawater) 

NR NR NR (0.568) 
[0.142] 

Unpublished in ACP, 1999

Rhinichthys atratulus 
(Blacknose dace) 

NR NR 
(Hard) 

NR NR NR (1.28)1 

[0.32]2,3 
Geckler et al, 1976 in 

Harrison, 1986 & ACP, 
1999 

Salmo salar 
(Atlantic salmon) 

NR NR NR NR NR (0.10)1 

[0.025]2,3 
Various authors in Harrison, 

1986 
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Table 18: Acute Toxicity of copper Products to Fish (continued) 
 

Species Size/Age Class Hardness (ppm) 1D LC50 (ppm 
Cu Salt or 

form) [ppm 
Cu2+] 

2D LC50 (ppm 
Cu Salt or 

form) [ppm 
Cu2+] 

3D LC50 
(ppm Cu 
Salt or 

form) [ppm 
Cu2+] 

4D LC50 (ppm 
Cu Salt  or 
form [ppm 

Cu2+] 

Source 

Copper Sulfate Pentahydrate and Other Inorganic Divalent Copper Salts (25% - 40% Cu2+) 
Salvelinis fontinalis  
(Eastern brook trout) 

14 months 45.4h/41.6a NR NR NR (0.40)1 

[0.10]2,3 
McKim and Benoit, 1970 

Tilapia massambica 
(Mozambique tilapia) 

NR NR NR (24)1 

[6.0]2,3 
NR NR Balavenkatsubbaiah et al, 

1984 in Harrison, 1986 
Trichogaster  trichopterus 

(Blue gourami) 
Adults NR 

(Deionized 
Water) 

(0.836)1 

[0.209]2,3 
(0.492)1 

[0.123]2,3 
NR  (0.36)1 

[0.091]2,3 
Roales & Permutter, 1977 

in Harrison, 1986 

Komeen® and Other Copper Ethylenediamine Complexes (~8% Cu2+) 
Lepomis macrochirus  

(Bluegill sunfish) 
NR NR NR NR NR (1250)1,3 

[100]1,2 
Rodgers et al, 1992 

Lepomis macrochirus  
(Bluegill sunfish) 

NR NR (575)1,3 

[46]2,3 
(475)1,3 

[38]2,3 
NR (375)1,3 

[30]2,3 
Beste, 1983, WARF, 1975; 
& Myers & Stoner, 1974 

Micropterus salmoides 
(Largemouth bass) 

NR NR NR NR NR (6970)1,3 
[558]2 

Rodgers et al, 1992 

Morone saxatilis  
(Striped bass) 

NR NR NR NR NR (4000-4300)1,3 

[320-344]1,2 
Rodgers et al, 1992 

Notemigonus crysoleucus  
(Golden shiner) 

48mm; 0.62g 18 ppm a 
20 ppm h 

NR NR NR (67)1,3 

[5.36]2 
Finlayson, 1980 

Notemigonus crysoleucus  
(Golden shiner) 

48mm; 0.62g 78 ppm a 
279 ppm h 

NR NR NR (630)1,3 

[50.4]2 
Finlayson, 1980 

Oncorhynchus mykiss 
(Rainbow trout) 

NR NR NR NR NR (57-574)1,3 

[4.6-46]2 
Rodgers et al, 1992 

Oncorhynchus mykiss 
(Rainbow trout) 

NR NR (3.3)1,3 

[0.82]2,3 
(1.28)1,3 

[0.32]2,3 
NR (0.30)1 3 

[0.076]2 3 

 

Beste, 1983; 
WARF, 1975; Myers & 

Stoner,  1974 
Perca americana  

(White perch) 
NR NR NR NR NR (6200)1,3 

[496]2 
Rodgers et al, 1992 
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Table 18: Acute Toxicity of copper Products to Fish (continued) 
 

 
Species Size/Age Class Hardness (ppm) 1D LC50 (ppm 

Cu Salt or 
form) [ppm 

Cu2+] 

2D LC50 (ppm 
Cu Salt or 

form) [ppm 
Cu2+] 

3D LC50 
(ppm Cu 
Salt or 

form) [ppm 
Cu2+] 

4D LC50 (ppm 
Cu Salt  or 
form [ppm 

Cu2+] 

Source 

K-Tea™ (Cu•TEA Plus Copper hydroxide) (~8% Cu2+) 
Lepomis macrochirus 

(Bluegill sunfish) 
NR NR (80)1 

[5.5]2,3 
(66)1 

[4.5]2,3 
NR (63)1 

[4.3]2,3 
Warf Institute, , 1975 

Lepomis macrochirus 
(Bluegill sunfish) 

NR NR (68)1 

[5.1]2,3 
(80)1 

[6.0]2,3 
NR (80)1 

[6.0]2,3 
Warf Institute, , 1975 

Lepomis macrochirus 
(Bluegill sunfish) 

NR NR (74)1,3 

[6.2]2,3 
(70)1,3 

[5.6]2,3 
NR (64)1,3 

[5.4]2,3 
Beste, 1983, Myers and 

Stoner, 1974 &Warf 
Institute, , 1975 

Oncorhynchus mykiss 
(Rainbow trout) 

NR NR (0.44)1 

[0.030]2,3 
(0.46)1 

[0.031]2,3 
NR (0.45)1 

[0.033]2,3 
Warf Institute, , 1975 

Oncorhynchus mykiss 
(Rainbow trout) 

NR NR (0.54)1 

[0.041]2,3 
(0.43)1 

[0.032]2,3 
NR (0.48)1 

[0.036]2,3 
Warf Institute, , 1975 

Oncorhynchus mykiss 
(Rainbow trout) 

NR NR (043)1 

[0.035]2,3 
(0.36)1,3 

[0.030]2,3 
NR (0.35)1,3 

[0.029]2,3 
Warf Institute, , 1975 & 
Myers and Stoner, 1974 

Cutrine® (Cu TEA plus Cu MEA) (~7.1 to ~9.0% Cu2+) 
Cirrhina mrigala 
(Hamilton’s carp) 

112-137mm NR NR NR (>10)1,3 

[>0.85]2 
NR Patnaik, 1980 

Gambusia affinis 
(Belmont Springs  

Mosquito fish) 

Adult Females 105 NR NR NR (31.61)1,3 

[2.9]2,3 
Duke et al,1979 

Gambusia affinis 
(Belmont Springs 
 Mosquito fish) 

Adult Females 210 NR NR NR (224.39)1,3 

[20.58]2,3 
Duke et al,1979 

Gambusia affinis 
(Weber County 
 Mosquito fish) 

Adult Females 210 NR NR NR (186.22)1,3 

[15.84]2,3 
Duke et al,1979 
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Table 18: Acute Toxicity of copper Products to Fish (continued) 
 

 
Species Size/Age Class Hardness (ppm) 1D LC50 (ppm 

Cu Salt or 
form) [ppm 

Cu2+] 

2D LC50 (ppm 
Cu Salt or 

form) [ppm 
Cu2+] 

3D LC50 
(ppm Cu 
Salt or 

form) [ppm 
Cu2+] 

4D LC50 (ppm 
Cu Salt  or 
form [ppm 

Cu2+] 

Source 

Cutrine® (Cu TEA plus Cu MEA) (~7.1 to ~9.0% Cu2+) 
Gambusia affinis 
(Weber County 
Mosquito fish) 

Adult Males 210 NR NR NR (30.22) 1,3 
[2.77] 2,3 

Duke et al,1979 

Gambusia affinis 
(Mosquito fish) 

31mm,0.32g/ 
juveniles 

15 (290)1 

[26]2,3 
NR NR (170)1 

[15]2,3 
Leung et al, 1983 

Ictalurus punctatus  
(Channel catfish) 

NR NR NR NR NR (67)1,3 

[6.0]2,3 
Cutrine® Plus Fact Sheet 
(Applied Biochemists, no 

date) 
Labeo rohita 
(Rohita carp) 

107-132mm NR NR NR (10)1,3 

[>0.85]2 
NR Patnaik, 1980 

Lepomis cyanocephalus 
(Green sunfish) 

NR 11 NR NR NR (11)1,3 

[0.935]2 
Anonymus, 1972 in Duke et 

al, 1979 
Lepomis cyanocephalus 

(Green sunfish) 
NR 320 (225)1,3 

[19.125]2 
NR NR (137)1,3 

[11.645]2 
Anonymus, 1972 in Duke et 

al, 1979 
Lepomis macrochirus  

(Bluegill sunfish) 
NR 48 NR NR NR (13.3)1,3 

[1.2]2,3 
Cutrine® Plus Fact Sheet 
(Applied Biochemists, no 

date) 
Lepomis macrochirus  

(Bluegill sunfish) 
NR 200 NR NR NR (83)1,3 

[7.5]2,3 
Cutrine® Plus Fact Sheet 
(Applied Biochemists, no 

date) 
Lepomis macrochirus  

(Bluegill sunfish) 
NR NR 

 
(49)1 

[4.4]2,3 
(33.3)1 

[3.0]2,3 
NR (33.3)1 

[3.0]2,3 
Warf Institute, 1975 

Micropterus salmoides 
(Largemouth bass) 

 
 

NR NR NR NR (>8)1 

[>0.6)2,3 
(75.29)1 

[6.4]2,3 
Anonymus, 1972 in Duke et 

al, 1979 and Skea and 
Simonin in Williams et al, 

1982 
Morone saxatilis  

(Striped bass) 
Sac fry NR 

(0.59)1 

[0.05]2,3 

(0.12)1 

[0.01]2,3 
(0.12)1 

[0.01]2,3 
(0.12)1 

[0.01]2,3 
Hughes, 1973; Hughes 1968
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Table 18: Acute Toxicity of copper Products to Fish (continued) 
 

Species Size/Age Class Hardness (ppm) 1D LC50 (ppm 
Cu Salt or 

form) [ppm 
Cu2+] 

2D LC50 (ppm 
Cu Salt or 

form) [ppm 
Cu2+] 

3D LC50 
(ppm Cu 
Salt or 

form) [ppm 
Cu2+] 

4D LC50 (ppm 
Cu Salt  or 
form [ppm 

Cu2+] 

Source 

Cutrine® (Cu TEA plus Cu MEA) (~7.1 to ~9.0% Cu2+) 
Morone saxatilis  

(Striped bass) 
Fingerlings NR NR NR (1.2)1 

[0.1]2,3 
(1.2)1 

[0.1]2,3 
Hughes, 1973; Hughes 1968

Oncorhynchus mykiss 
(Rainbow trout) 

NR 44 NR NR NR (3.0)1,3 

[0.20]2,3 
Cutrine® Plus Fact Sheet 
(Applied Biochemists, no 

date) 
Oncorhynchus mykiss 

(Rainbow trout) 
NR 290 NR NR NR (56)1,3 

[4.0]2,3 
Cutrine® Plus Fact Sheet 
(Applied Biochemists, no 

date) 
Oncorhynchus mykiss 

(Rainbow trout) 
NR NR  (0.38)1 

[0.035]2,3 
(0.35)1 

[0.032]2,3 
NR (0.33)1 

[0.030]2,3 
Warf Institute, 1975 

Pimephales promelas 
(Fathead minnow) 

NR 95 ppm alk NR NR NR (2.47)1 

[0.21]2,3 
Skea and Simonin, 1979 in 

Williams et al, 1982 
Salmot trutta 
(Brown trout) 

40.33mm 100 ppm alk NR NR NR (2.34)1 

[0.198]2,3 
Simonin & Skea, 1977 

Copper Control® (Cu TEA +Cu DEA) (~7.1 to ~9.0% Cu2+) 
Ictalurus punctatus  
(Channel catfish) 

69mm;2.3g 16 ppm a 
16ppm h 

NR NR NR (0.60)1 

[0.051]2,3 
Strauss and Tucker, 1993 

Ictalurus punctatus  
(Channel catfish) 

86mm;3.9g 76 ppm a 
83 ppm h 

NR NR NR (16.0)1 

[1.362] 2,3 
Strauss and Tucker, 1983 

Ictalurus punctatus  
(Channel catfish) 

78mm;3.2g 127 ppm a 
161 ppm h 

NR NR NR (17.6)1, 

[1.503]2,3 
Strauss and Tucker, 1983 

Ictalurus punctatus  
(Channel catfish) 

79mm;3.0g 239 ppm a 
287 ppm h 

NR NR NR (22.1)1 

[1.878]2,3 
Strauss and Tucker, 1983 

Lepomis cyanocephalus 
(Green sunfish) 

NR NR NR NR NR (18.3)1 

[1.30]2,3 
FWS, 1975 in Brian, 1999)

Micropterus salmoides 
(Largemouth bass) 

NR NR NR NR NR (75.3)1 

[6.4]2,3 
Skea and Simonin , 1979 in 

Willams et al, 1982 
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Table 18: Acute Toxicity of copper Products to Fish (continued) 
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Species Size/Age Class Hardness (ppm) 1D LC50 (ppm 

Cu Salt or 
form) [ppm 

Cu2+] 

2D LC50 (ppm 
Cu Salt or 

form) [ppm 
Cu2+] 

3D LC50 
(ppm Cu 
Salt or 

form) [ppm 
Cu2+] 

4D LC50 (ppm 
Cu Salt  or 
form [ppm 

Cu2+] 

Source 

Copper Control® (Cu TEA +Cu DEA) (~7.1 to ~9.0% Cu2+) 
Oncorhynchus mykiss 

(Rainbow trout) 
NR NR NR NR NR (0.367)2 

[0.026]2,3 
FWS, 1975 in Brian 1999 

 
1 Copper product as copper sulfate pentahydrate (~ 25  to ~40% Cu) or commercial copper-complex (~7.1 to ~9.0% Copper as Cu) 

2 Copper as Cu2+ 
3 Copper was originally reported in this form 
4 H = hardness 
5 A = alkalinity 



Table 19: Acute Toxicity of Copper Products to Invertebrates 
 

Species Size/Age Class Water 
Hardness 

(ppm) 

1D LC50  
(ppm a.i.) 
[ppm Cu] 

2D LC50 
(ppm a.i.) 
[ppm Cu] 

4D LC50  
(ppm a.i.) 
[ppm Cu] 

Source 

Cutrine (Cu•TEA plus Cu•OH-)  7.1-9.0% Cu2+ 

Cypria sp. 
(Ostracod) 

Wild caught 15 NR1 

  
(113)2 

[10.2]3,4 
NR 

  
Naqvi et al, 1985 

Cypria sp. 
(Ostracod) 

Wild caught 140 NR 
  

(139)2 

[12.5]3,4 
NR 

  
Naqvi et al, 1985 

Cypria sp. 
(Ostracod) 

Wild caught 280 NR 
  

(170)2 

[15.3]3,4 
NR 

  
Naqvi et al, 1985 

Alonella sp. 
(Cladoceran) 

Wild caught 15 NR 
  

(110)2 

[9.9]3,4 
NR 

  
Naqvi et al, 1985 

Alonella sp. 
(Cladoceran) 

Wild caught 140 NR 
  

(126)2 

[11.3]3,4 
NR 

  
Naqvi et al, 1985 

Alonella sp. 
(Cladoceran) 

Wild caught 280 NR 
  

(206)2 

[18.5]3,4 
NR 

  
Naqvi et al, 1985 

Diapotomus sp. 
(Calanoid) 

Wild caught 15 NR 
  

(140)2 

[12.6]3,4 
NR 

  
Naqvi et al, 1985 

Diapotomus sp. 
(Calanoid) 

Wild caught 140 NR 
  

(136)2 

[12.21]3,4 
NR 

  
Naqvi et al, 1985 

Diapotomus sp. 
(Calanoid) 

Wild caught 280 NR 
  

(140)2 

[12.6]3,4 
NR 

  
Naqvi et al, 1985 

Eucylops sp. 
(Cyclops) 

Wild caught 15 NR 
  

(127)2 

[11.4]3,4 
NR 

  
Naqvi et al, 1985 

Eucylops sp. 
(Cyclops) 

Wild caught 140 NR 
  

(138)2 

[12.4]3,4 
NR 

  
Naqvi et al, 1985 

Eucylops sp. 
(Cyclops) 

Wild caught 280 NR 
  

(182)2 

[16.4]3,4 
NR 

  
Naqvi et al, 1985 

Uca pugilator 
(Fiddler crab) 

NR NR 
 (Seawater) 

NR 
  

NR 
  

(2200)2,4 

[156]3,4 
Cutrine® Fact Sheet, 
Applied Biochemists, 

 No date 
Palemonetes pugio 

(Grass shrimp) 
NR NR 

 (Seawater) 
NR 

  
NR 

  
(68)2,4 

[4.8]3,4 
Cutrine® Fact Sheet, 
Applied Biochemists, 

 No date 
Penaeus stylirostris 

(Blue shrimp) 
NR NR 

 (Seawater) 
(1681)2,4 

[151.3]3,4 
NR 

  
(211)2,4 
[19]3,4 

Cutrine® Fact Sheet, 
Applied Biochemists, No 

date & Willams et al, 1082

Copper Sulfate or Other Divalent Copper Salts 
Acroneuria lycorias 

(Stonefly) 
NR 40 NR 

  
NR 

  
(33.2)2 

[8.3]3,4 
Warnick and Bell, 1969 in 

ACP, 1999 
Acartia tonsa 

(Copepod) 
NR NR 

 (Seawater) 
NR 

  
(0.14-0.33)2 

[0.034-
0.082]3,4 

(0.208)2 

(0.052)3,4 
Sosnowski & Gentile, 1978 

and Maraitou-
Appotolopoulou, 1978 in 

ACP, 1999 
Acartia tonsa 

(Copepod) 
NR NR 

 (Seawater) 
(0.40-1.2)2 

[0.10-
0.31]3,4 

NR 
  

(0.068-0.22)2 

(0.017-
0.055)3,4 

Sosnowski & Gentile, 1978 
in ACP, 1999 

Aeolosoma headleyii 

(Annelid) 
NR NR 

(Freshwater) 
NR 

  
NR 

  
(6.6)2 

[1.65]3,4 
Cairns et al, 1978 in ACP, 

1999 
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Table 19: Acute Toxicity of Copper Products to Invertebrates (continued) 
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Species Size/Age Class Water 
Hardness 

(ppm) 

1D LC50  
(ppm a.i.) 
[ppm Cu] 

2D LC50 
(ppm a.i.) 
[ppm Cu] 

4D LC50  
(ppm a.i.) 
[ppm Cu] 

Source 

Copper  Sulfate or Copper Sulfate Pentahydrate or Other Divalent Copper Salts 
Amnicola sp. 

(mollusc) 
Adult NR 

(Freshwater) 
(6.0)2 

[1.500]3,4 
NR (3.6)2 

[0.900]3,4 
Rewholdt et al, 1973  in 

Harrison, 1986 
Amnicola sp. 

(mollusc) 
Eggs NR 

(Freshwater) 
(18)2 

[4.500]3,4 
NR (36.2)2 

(9.3)3,4 
Rewholdt et al, 1973  in 

Harrison, 1986 
NR 

Mixed annelid 
species 

Larvae NR 
(Seawater) 

(0.356)2 

[0.089]3,4 
NR NR Reeve et al, 1976 in ACP, 

1999 

Arabica, punctulata 
(Sea urchin) 

Sperm 
Mobility 

NR 
(Seawater) 

(1.2)2 

[0.300]3,4 
NR NR Young & Nelson, 1974 in 

ACP, 1999 
Asellus meridianus 

(aquatic isopod) 
NR NR 

(Freshwater) 
(4.8)2 

[1.2]3,4 
NR (2.6)2 

[0.65]3,4 
Brown, 1976 in in 

Harrison, 1986 
Biomphalaria 

globrata 
(mollusc) 

NR 200  (0.32) 
[0.080] 

(0.24) 
[0.060] 

(0.16)2 

[0.040]3,4 
Bellavere and Gorbi, 1981  

in Harrison, 1986 

Brachonius plicatilis 
(Rotifer) 

NR NR 
(Seawater) 

(0.400)1 

[0.100]2,3 
NR NR Reeve et al, 1976 in ACP, 

1999 
NR4 

(Caddisfly) 
Larvae 50 NR NR (24.8)2 

[6.2]3,4 
Rehwoldt et al, 1973 in 

ACP, 1999 
Cancer magister 

(Crab) 
Larvae NR 

(Seawater) 
NR NR (0.20-2.4)2 

[0.049-
0.600]3,4 

Martin et al, 1977  and 
Connnor, 1972 in ACP, 

1999 
Campeloma decisum 

(Snail) 
Wild caught 

11-27mm 
45 NR NR (4.25)2 

[1.7]3,4 
Arthur & Leonard, 1970 

Caradina sp. 
(Decapod) 

NR NR 
(Freshwater) 

NR (1.12)2 

[0.281]3,4 
NR Ghate and Mulherkar, 1979 

in Harrison, 1986 
Ceriodaphnia dubia 

(Water flea) 
<24 hours  Freshwater 

Water only 
6-10 ppm h5 

9-21 ppm a6 

NR  
[0.00272]3,4 

 
[0.00146]3,4 

Suedel et al, 1996 

Ceriodaphnia dubia 
(Water flea) 

<24 hours  Freshwater 
Overlying 

water 
8-120ppm h 
34-56 ppm a 

NR  
[0.0063]3,4 

 
[0.00906]3,4 

Suedel et al, 1996 

Ceriodaphnia dubia 
(Water flea) 

<24 hours  Freshwater 
Porewater 

8-120ppm h 
34-56 ppm a 

NR  
[0.084]3,4 

 
[0.122]3,4 

Suedel et al, 1996 

Ceriodaphnia dubia 
(Water flea) 

<24 hours  Freshwater 
Sediment 

8-120ppm h 
34-56 ppm a 

NR  
[129]3,4 

 
[35.8]3,4 

Suedel et al, 1996 

Chironomus tentans 
(Bloodworm) 

1st  instar 
Probably 24 

hour toxicity test 

17-84 (1.2)2 

[0.298]3,4 
NR NR Nebecker et al, 1984 in 

ACP 
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Table 19: Acute Toxicity of Copper Products to Invertebrates (continued) 
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Species Size/Age Class Water 

Hardness 
(ppm) 

1D LC50  
(ppm a.i.) 
[ppm Cu] 

2D LC50 
(ppm a.i.) 
[ppm Cu] 

4D LC50  
(ppm a.i.) 
[ppm Cu] 

Source 

Copper  Sulfate or Copper Sulfate Pentahydrate or Other Divalent Copper Salts 
Chironomus tentans 

(Bloodworm) 
2nd   instar 

Probably 24 
hour toxicity test 

17-84 (3.1)2 

[0.773]3,4 
NR NR Nebecker et al, 1984 in 

ACP 

Chironomus tentans 
(Bloodworm) 

3rd   instar 
Probably 24 

hour toxicity test 

17-84 (5.86)2 

[1.466]3,4 
NR NR Nebecker et al, 1984 in 

ACP 

Chironomus tentans 
(Bloodworm) 

4th instar 
Probably 24 

hour toxicity test 

17-84 (6.76)2 

[1.690]3,4 
NR NR Nebecker et al, 1984 in 

ACP 

Chironomus sp. 
(Bloodworm) 

 Probably 4th 
instar 

Probably 24 
hour toxicity test 

50 (0.12)2 

[0.030]3,4 
NR NR Rehwoldt et al, 1973 in 

ACP, 1999 

Chironomus tentans 
(Bloodworm) 

10 days  Freshwater 
Water Only 
6-10 ppm h 
9-21 ppm a 

NR (2.116)2 

[0.529]3,4 
(2.52)2 

[0.630]3,4 
Suedel et al, 1996 

Chironomus tentans 
(Bloodworm) 

10 days  Freshwater 
Overlying 

water 
8-120 ppm h 
34-56 ppm a 

NR (1.292)2 

[0.323]3,4 

 

 

 

((0.228)2 

[0.057]3,4 
Suedel et al, 1996 

Chironomus tentans 
(Bloodworm) 

10 days  Freshwater 
Pore Water 
8-120ppm h 
4-56 ppm a 

NR (23.3)2 
[.5.82]3,4 

(0.54)2 

[0.135]3,4 
Suedel et al, 1996 

Chironomus tentans 
(Bloodworm) 

10 days  Freshwater 
Sediment 

8-120ppm h 
4-56 ppm a 

NR (18088)2 

[4522]3,4 
(7620)2 

[1905]3,4 
Suedel et al, 1996 

Cloeon dipterum 

(Mayfly) 
NR NR 

(Freshwater) 
NR NR (0.212)2 

[0.053]3,4 
Braginsky & Shcherban, 

1978 in ACP, 1999 
NR 

(Mixed Copepod 
species) 

Nauplius NR 
(Seawater) 

(0.36)2 

[0.090]3,4 
NR NR Reeve et al, 1976 in ACP, 

1999 

Corbicula fluminea 
(Clam) 

NR Freshwater 
Static 

64 ppm h 

NR NR (0.160)2 

[0.040]3,4 

 

 Rodgers et al, 1988 in 
Harrison, 1986 

Corbicula fluminea  
(Clam) 

NR Freshwater 
Flow-through 

64 ppm h 

NR NR (1.960)2 

[0.490]3,4 

 

 Rodgers et al, 1988 in 
Harrison, 1986 

Corbicula 
manilensis 

(Manila clam) 

larvae NR 
(Freshwater) 

NR NR (0.10)2 

[0.025]3,4 
 Harrison et al, 1981, 1984 

in ACP, 1999 
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Table 19: Acute Toxicity of Copper Products to Invertebrates (continued) 
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Species Size/Age Class Water 

Hardness 
(ppm) 

1D LC50  
(ppm a.i.) 
[ppm Cu] 

2D LC50 
(ppm a.i.) 
[ppm Cu] 

4D LC50  
(ppm a.i.) 
[ppm Cu] 

Source 

Copper  Sulfate or Copper Sulfate Pentahydrate or Other Divalent Copper Salts 
Corbicula 
manilensis 

(Manila clam) 

Adult NR NR NR (10.4)2 

[>2.6]3,4 
 Harrison et al, 1981, 1984 

in ACP, 1999 

Crassostrea gigas 
(Pacific Oyster) 

Adult NR 
(Seawater) 

NR NR (2.24)2 

[0.560]3,4 
Okazaki, 1976 in ACP 

Crassostrea gigas 
(Pacific Oyster) 

embryo NR 
(Seawater) 

NR NR (0.021-
0.046)1 

[0.0053-
0.0115]3,4 

Martin et al, 1981 in ACP 

Crassostrea 
virginica 

(Eastern Oyster) 

Embryo NR 
(Seawater) 

NR NR (0.060)2 

[0.015-
0.128]3,4 

Calabrese et al, 1977 in 
ACP, 1999 1981 in ACP 

Cyclops sp. 
(Copepod) 

NR NR 
(Natural Pond 

Water) 

NR NR (90-229)2 

[22.5-57.3]3,4 
McIntosh and Kevern, 
1974 in Harrison, 1986 

Cyclops  
ambyssorum 
(Copepod) 

NR NR 
(Laboratory 

water) 

NR (10)2 

[2.5]3,4 
NR Keeney et al, 1976 in 

Harrison, 1986 

NR 

(Damselfly) 
Larvae 50 NR NR (18.4)2 

[4.6]3,4 
Boutet & Chaisemartine, 

1973 in ACP, 1999 
Daphnia hyalina 

(Water flea) 
NR NR (Freshwater) NR NR (0.02)2 

[0.005]3,4 
EPA working group, 1980

Daphnia magna 
(Water flea) 

<24 hour 
unfed 

Lake Superior 
Water 

45.3 ppm h5 

42.3 ppm a6 

NR [0.0098]3,4 NR Biesinger and Chritensen, 
1972 

Daphnia magna 
(Water flea) 

<24 hour 
fed 

Lake Superior 
Water 

45.3 ppm h 
42.3 ppm a 

NR [0.060]3,4 NR Biesinger and Chritensen, 
1972 

Daphnia magna 
(Water flea) 

<24 hour NR (Lake Erie 
water 

64-h exposure) 

NR NR [0.013]3,4 Biesinger and Chritensen, 
1972 

Daphnia magna 
(Water flea) 

<24 hours Freshwater 
Water only 
6-10 ppm h 
9-21 ppm a 

NR  
[0.0113]3,4 

 
[0.0101]3,4 

Suedel et al, 1996 

Daphnia magna 
(Water flea) 

<24 hours Freshwater 
Overlying water

8-120 ppm h 
34-56 ppm a 

NR (0.029)2 

[0.00725]3,4 
(0.0318)2 

[0.00796]3,4 
Suedel et al, 1996 

Daphnia magna 
(Water flea) 

<24 hours Freshwater 
Pore water 

8-120 ppm h 
34-56 ppm a 

NR (0.68)2 

[0.170]3,4 
(0.147)2 

[0.0368]3,4 
Suedel et al, 1996 
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Species Size/Age Class Water 

Hardness 
(ppm) 

1D LC50  
(ppm a.i.) 
[ppm Cu] 

2D LC50 
(ppm a.i.) 
[ppm Cu] 

4D LC50  
(ppm a.i.) 
[ppm Cu] 

Source 

Copper  Sulfate or Copper Sulfate Pentahydrate or Other Divalent Copper Salts 
Daphnia magna 

(Water flea) 
<24 hours Freshwater 

Sediment 
8-120 ppm h 
34-56 ppm a 

NR (680)2 

[170]3,4 
161)2 

[40.3]3,4 
Suedel et al, 1996 

Daphnia magna 
(Water flea) 

<24 hours NR 
(Freshwater) 

0.0126 0.0065 NR Dave, 1984 in Harrison, 
1986 

Daphnia pulex 

(Water flea) 
<24 hours 45 ppm NR (0.04-0.21)2 

[0.010-
0.053]3,4 

NR Cairns et al, 1978 and 
Mount & Noberg, 1984 in 

ACP, 1999 
Ephemerella 
subvarium4 

(Mayfly) 

NR NR NR NR (1.28)2 

[0.320]3,4 
Warnick and Bell, 1969 in 

ACP, 1999 

Euchaeta marina 
(Copepod) 

NR NR 
(Seawater) 

(0.752)2 

[0.188]3,4 
NR NR Reeve, 1976 in ACP, 1999

Euphausia pacifica 
(Euphausid) 

NR NR 
(Seawater) 

(0.056-
0.12)2 

[0.014-
0.030]3,4 

NR NR Reeve et al, 1976 in ACP, 
1999 

Eurytemora affinis 
(Copepod) 

NR NR 
(Seawater) 

NR NR (2.1)2 

[0.526]3,4 
Unpublished in ACP, 1999

Eurythoe 
complanata 
(Polychaete) 

NR NR 
(Seawater) 

NR NR (5.2)2 

[1.3]3,4 
Marcano et al, 1997 

Gammarus fasciatus 
(Lined scud) 

NR NR NR (0.76)2 

[0.190]3,4 
NR Judy, 1979  in Harrison, 

1986 
Gammarus 

pseudolimnaeus 
(False snail scud) 

Wild caught 
1-3 days 

45 ppm h/43 
ppm a 

NR NR (0.05)2 

[0.020]3,4 
Arthur & Leonard, 1970 

Gammarus pulex 
(Flea scud) 

NR NR 
(Soft water) 

NR NR (0.084)2 

[0.021]3,4 
Stephenson, 1983  in 

Harrison, 1986 
Gammarus pulex 

(Flea scud) 
NR NR 

(Hard Water) 
NR NR (0.436)2 

[0.109]3,4 
Stephenson, 1983   in 

Harrison, 1986 
Gammarus pulex 

(Flea scud) 
NR 50 NR NR (3.64)2 

[0.910]3,4 
Rewholdt et al, 1973 in 

ACP, 1999 
Gammarus pulex 

(Flea scud) 
NR 104 NR NR (0.1645)2 

[0.041]3,4 
Stephenson, 1983 in ACP, 

1999 
Gammarus pulex 

(Flea scud) 
NR 249 NR NR (0.732)2 

[0.183]3,4 
Stephenson, 1983 in ACP, 

1999 
Gammarus lacustris 

(Bright scud) 
NR NR 

(Freshwater) 
NR NR (1.48)2 

[0.370]3,4 
 Rehwoldt et al, 1973 in 

Harrison, 1986 
Gyraulus 

circumstriatus 

(Snail) 

NR 100 NR NR (0.432)2 

[0.108]3,4 
Wurtz  & Bridges,, 1961 in 

ACP, 1999 

Goniobasis livescens 

(Snail) 
NR 154 NR NR (1.6-3.4)2 

(0.39-0.86)3,4 
Paulsen et al, 1983 and 

Cairns et al, 1976 in ACP, 
1999 

Haliotis cracherodii Probably NR NR NR (0.20)2 Martin et al, 1977 in ACP, 
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Table 19: Acute Toxicity of Copper Products to Invertebrates (continued) 
 

Supplemental Environmental Impact Statement Assessments of Aquatic Herbicides: 
DRAFT Volume 6 – Copper, Section 4 – ENVIRONMENTAL EFFECTS 

(Bivalve) Adults (Seawater) [0.050]3,4 1999 
Species Size/Age Class Water 

Hardness 
(ppm) 

1D LC50  
(ppm a.i.) 
[ppm Cu] 

2D LC50 
(ppm a.i.) 
[ppm Cu] 

4D LC50  
(ppm a.i.) 
[ppm Cu] 

Source 

Copper  Sulfate or Copper Sulfate Pentahydrate or Other Divalent Copper Salts 
Haliotis rufescens 

(Bivalve) 
Adults NR 

(Seawater) 
NR NR (0.26)2 

[0.065]3,4 
Martin et al, 1977 in ACP, 

1999 
Haliotis rufescens 

(Bivalve) 
Embryo NR 

(Seawater) 
NR NR (0.456)2 

[0.114]3,4 
Martin et al, 1977 in ACP, 

1999 
Homarus 

americanus 
(Lobster) 

Larvae NR 
(Seawater) 

NR NR (0.192)2 

[0.048]3,4 
Johnson & Gentile, 1979 in 

ACP, 1999 

Homarus 
americanus 
(Lobster) 

Adults NR 
(Seawater) 

NR NR (0.40)2 

[0.100]3,4 
McLeese, 1974 in ACP, 

1999 in ACP, 1999 

Hyalella azteca 
(Amphipod) 

2-3 weeks (Freshwater 
Water only) 
6-10 ppm h 
9-21 ppm a 

NR (0.289)2 

[0.0722]3,4 
(0.262)2 

[0.0656]3,4 
Suedel et al, 1996 

Hyalella azteca 
(Amphipod) 

2-3 weeks (Freshwater 
Overlying water)

8-120 ppm h 
34-56 ppm a 

NR (0.236)2 

[0.0590]3,4 
(0.189)2 

[0.0472]3,4 
Suedel et al, 1996 

Hyalella azteca 
(Amphipod) 

2-3 weeks (Freshwater 
Pore water) 
8-120 ppm h 
34-56 ppm a 

NR (3.02)2 

[0.754]3,4 
(2.70)2 

[0.674]3,4 
Suedel et al, 1996 

Hyalella azteca 
(Amphipod) 

2-3 weeks (Freshwater 
Sediment) 

8-120ppm h 
4-56 ppm a 

NR [1696]2 

[424]3,4 
(1404)2 

[351]3,4 
Suedel et al, 1996 

Phialidium sp. 
(Hyromedusae) 

NR NR 
(Seawater) 

(0.134)2 

[0.036]3,4 
NR NR Reeve et al, 1976 in  ACP, 

1999 
Keratella sp. 

(Rotifer) 
NR NR 

(Freshwater) 
NR NR (0.404)2 

[0.101]3,4 
Borgmann and Ralph, 1984 

in ACP, 1999 
Labidocera scotti 

(Copepod) 
NR NR 

(Seawater) 
(0.528)2 

[0.132]3,4 
NR NR Reeve et al, 1976 in ACP, 

1999 
Lophopodella 

carteri 

(Bryozoan) 

NR 190-220 NR NR (0.56)2 

[0.140]3,4 
Pardue and Wood, 1980 in 

ACP, 1999 

Lumbriculus 
variegatus 

(oligochaete worm) 

NR 30 NR NR (0.600)2 

[0.150]3,4 
Bailey and Lui, 1980 in 

ACP, 1999 

Limnodrillus 
hoffmeisteri 

(Annelid) 

NR 100 NR NR (0.60)2 

[0.150]3,4 
Wurtz & Bridges, 1961 in 

ACP, 1999 

Lymnaea acuminata 
(Pond snail) 

NR 375 (0.48)2 

[0.120]3,4 
(0.196) 

[0.049]3,4 
(0.136)2 

[0.034]3,4 
Khangarot, 1982 in 

Harrison, 1986 
Lymnaea 

emarginata 

(Pond snail) 

NR NR 
(Freshwater) 

NR NR (1.2)2 

[0.300]3,4 
Cairns et al, 1976 in ACP, 

1999 
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Species Size/Age Class Water 

Hardness 
(ppm) 

1D LC50  
(ppm a.i.) 
[ppm Cu] 

2D LC50 
(ppm a.i.) 
[ppm Cu] 

4D LC50  
(ppm a.i.) 
[ppm Cu] 

Source 

Copper  Sulfate or Copper Sulfate Pentahydrate or Other Divalent Copper salts 
Nais sp. 

(Annelid) 
NR 50 NR NR (0.360)2 

[0.090]3,4 
 Rehwoldt et al, 1973 in 

ACP, 1999 
Macrobrachium sp. 

(Decapod) 
NR NR 

(Freshwater) 
NR (1.112)2 

[0.279]3,4 
NR Ghate and Mulherkar, 1979 

in Harrison, 1986 
Metridia pacifica 

(Copepod) 
NR NR 

(Seawater) 
(0.704)2 

[0.176]3,4 
NR NR Reeve et al, 1976 in ACP, 

1999 
Mya arenaria 

(Bivalve) 
NR NR 

(Seawater) 
NR NR (0.156)2 

[0.039]3,4 
Eisler, 1977 in ACP, 1999

Mytilus edulis 
(Mussel) 

Embryo NR 
(Seawater) 

NR NR (0.0232)2 

[0.0058]3,4 
Martin et al, 1977 in ACP, 

1999 
Mytilus edulis 

(Mussel) 
Adult NR 

(Seawater) 
NR NR (0.800)2 

[0.200]3,4 
Scott & Major, 1972 in 

ACP, 1999 
Mysidopsis bahia 

(Pocket shrimp) 
<24 hour NR 

(Seawater) 
NR NR (0.72)2 

[0.181]3,4 
Unpublished EPA 

Memorandum in ACP, 
1999 

Mysidopsis bigelowi 

(Pocket shrimp) 
<24 hour NR 

(Seawater) 
NR NR (0.56)2 

[0.141]3,4 
Lussier et al no date in 

ACP, 1999 
Nicrotis sp. 

(Snail) 
NR NR 

(Freshwater) 
NR NR (1.2)2 

[0.300]3,4 
Cairns et al, 1976 in ACP, 

1999 
Nereis diversicolor 
(Polychaete worm) 

NR NR 
(Seawater) 

NR NR (1.24)2 

[0.310]3,4 
 Jones et al, 1976 in ACP 

Orconectes limosus 

(Northern Crayfish 
Probably adult NR NR NR (2.4)2 

[0.60]3,4 
Boutet & Chaisemartine, 

1973 in ACP, 1999 
Orconectes rusticus 
(Northern  crayfish) 

Embryo NR 
(Freshwater) 

NR NR (1.000)2 

[0.250]3,4 
Winner et al, 1977  
in Harrison, 1986 

Orconectes rusticus 
(Northern  crayfish) 

Probably adults (Freshwater) 
100-125 

(4.000)1 

[1.000]2,3 
NR (12.000)2 

[3.000]3,4 
Hubschman,1967a 

and1967b,  
in Harrison, 1986 

Pectinetella 
magnifica 

(Bryozoan) 

NR 190-220 NR NR (2.04)2 

[0.510]3,4 
Pardue & Wood, 1980  

in ACP, 1999 

Philodina 
acuticornis 

(Rotifer) 

NR NR 
(Freshwater) 

NR NR (4.0)2 

[1.0]3,4 
Cairns et al, 1978  

in ACP, 1999 

Phyllodoce  
maculata 

(Polychaete worm) 

NR NR 
(Seawater) 

NR NR (0.48)2 

[0.120)3,4 
McLusky & Phillips, 1975 

in ACP, 1999 

Physa heterotropha 
(Pond snail) 

NR 100 NR NR (0.276)2 

[0.069]3,4 
Wurtz & Bridges, 1961 in 

ACP, 1999 
Physa integra 
(Pond snail) 

Wild caught 
11-27mm 

45 NR NR (0.10)2 

[0.039]3,4 
Arthur & Leonard, 1970 

Plumatella 
emarginata 

(Bryozoan) 

NR 190-220 NR NR (0.560)2 

[0.140]3,4 
Pardue and Wood, 1980 in 

ACP, 1999 

Potamopyrgus 
jenkinsi 

 (Mollusc) 

Juveniles NR 
(Hard water) 

NR (0.23)2 

[0.058]3,4 
(0.216)2 

[0.054]3,4 
Watton & Hawkes, 1984, 

in Harrison, 1986 
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Species Size/Age Class Water 
Hardness 

(ppm) 

1D LC50  
(ppm a.i.) 
[ppm Cu] 

2D LC50 
(ppm a.i.) 
[ppm Cu] 

4D LC50  
(ppm a.i.) 
[ppm Cu] 

Source 

Copper  Sulfate or Copper Sulfate Pentahydrate or Other Divalent Copper Salts 
Potamopyrgus 

jenkinsi 
 (Mollusc) 

Adults NR 
(Hard water) 

NR (0.45)2 

[0.112]3,4 
NR Watton & Hawkes, 1984, 

in Harrison, 1986 

Procambarus clarkii 
(Red swamp 

crayfish) 

Larvae NR NR NR (4.8)2 

[1.200]3,4 
Szeto & Nyberg, 1979 in 

Harrison, 1986 

Procambarus clarkii 

(Red swamp 
crayfish) 

Adults NR NR NR (36.0)2 

[9.000]3,4 
Rice & Harrison, 1983 in 

Harrison, 1986 

Procambarus clarkii 

(Red swamp 
crayfish) 

Probably adults 17 NR NR (2.88)2 

[0.720]3,4 
Rice & Harrison in, 1967 in 

ACP, 1999 

Rangia cuneata 
(Bivalve) 

NR NR 
(Seawater) 

NR NR (30-32)2 

[7.4-8.0]3,4 
Olsen & Harrel, 1973 in 

ACP, 1999 
Sagitta hispida 
(Arrow worm) 

NR NR 
(Seawater) 

(0.17-1.8)2 

[0.043-
0.460]3,4 

NR NR Reeve et al, 1976 in ACP, 
199 

Streptocephalus 
proboscideus 
(Branchiopod) 

Newly hatched (Freshwater) 
8-10 ppm h 

13-13.5 ppm a 
20°C 

(0.12)2,4 

[0.03]3 
NR NR Centeno et al, 1993 

Streptocephalus 
Proboscideus 
(Branchiopod) 

Newly hatched (Freshwater) 
35-41 ppm h 
30-35ppm a 

20°C 

(0.17)2,4 

[0.0425]3 
NR NR Centeno et al, 1993 

Streptocephalus 
Proboscideus 
(Branchiopod) 

Newly hatched (Freshwater) 
71-110 ppm h 

58.5-59.5 ppm a
20°C 

(0.21)2,4 

[0.0525]3 
NR NR Centeno et al, 1993 

Streptocephalus 
Proboscideus 
(Branchiopod) 

Newly hatched (Freshwater) 
135-170 ppm h 
110-120 ppm a 

20°C 

(0.44)2,4 

[0.11]3 
NR NR Centeno et al, 1993 

Streptocephalus 
Proboscideus 
(Branchiopod) 

Newly hatched (Freshwater) 
250-327 ppm h 
225-245 ppm a 

20°C 

(0.52)2,4 

[0.13]3 
NR NR Centeno et al, 1993 

Tisbe holothuriae 
(Copepod) 

NR NR 
(Seawater) 

NR (0.32)2 

[0.080]3,4 
NR Moraitou-Apostolopoulos 

& Verriopoulos, 1982 in 
ACP, 1999 

 
1 NR = Not Reported 
2 Formulation equivalence is Cutrine® or Copper Sulfate pentahydrate 
3 Cu2+ equvalence 
4 Value reported in original reference. 
5 h = hardness 
6 a = alkalinity 



Table 20: Chronic Toxicity of Copper Sulfate and Other Divalent Copper Salts to Fish 
 

Species Size Class/ 
Age or Period

End -Point Time 
(Days) 

NOEC 
(ppm Cu) 

MATC 
(ppm Cu) 

LOEC 
(ppm Cu) 

LC50 
(ppm Cu)

Reference 

Brachdanio rario 

(Zebrafish)1,2 
Egg and 
embryo 

Hatch and 
spinal 

abnormalities 

NR3 0.036 0.051 0.072 NR Ozoh, 1979 in Harrison, 
1986 

Brevoortia tyrannus 

(Atlantic menhaden)2 
NR EC50 14 days NR NR NR 0.610 Engel et al, 1976 in ACP, 

1999 
Catostomus sp. 

(Sucker)1 
NR NR 60 days 

chronic 
0.012 0.015 0.018 NR Sauter et al, 1976 in 

Harrison, 1986 
Castonomus commesoni 

(Sucker)1 
Early life stage NR NR 0.015 0.0215 0.030 NR McKim et al, 1978 in ACP, 

1999 
Cyprinus carpio 

(Common carp)1 
NR Immune 

response 
38 weeks 0.145 0.21 0.296 NR O'Neil, 1981 in Harrison, 

1986 
Esox lucius 

(Northern pike)1 
Embryo and 

larvae 
NR 30 days 0.042 0.0605 0.084 NR McKim et al, 1978 in 

Harrison, 1986 
Fundulus heteroclitus 

Mumichog1,2 
NR Hisotpathology 

& Enzyme 
inhibition 

4-21 days 0.25-0.30 0.35-0.42 0.500-0.6006 NR Gardner and Laroche, 1973 
in ACP 

Ictalurus punctatus 

(Channel catfish)1 
Embryo and 

sac-fry 
NR 60 days 0.013 0.016 0.018 NR Sauter et al 1976 in Harrison, 

1986 

Lacodon rhomboides 

(Marine pin perch)4 
NR 50% mortality 14 days NR NR NR 0.150 Engel et al, 1969 

Lepomis macrochirus 
(Bluegill sunfish)1 

Adult Adult survival 
Adult growth 

Spawning BCF

22 months 0.077 0.11 0.162 NR Benoit, 1975 

Lepomis macrochirus 
(Bluegill sunfish)1 

Alevin Larvae survival 90 days 0.021 0.029 0.040 NR Benoit, 1975 

Lepomis macrochirus 
(Bluegill sunfish)1 

Embryo and 
larvae 

NR 90 days 0.012 0.015 0.018 NR Sauter et al 1976 in Harrison, 
1986 

Lepomis macrochirus 
(Bluegill sunfish)1 

NR Cough response 
and respiratory 

distress 

96 hours 0.25 0.35 0.56 NR Anderson and Spear, 1980 in 
Harrison, 1986 
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Table 20: Chronic Toxicity of Copper Sulfate and Other Divalent Copper Salts to Fish (continued) 
 

Species Size Class/ 
Age or Period

End -Point Time 
(Days) 

NOEC 
(ppm Cu) 

MATC 
(ppm Cu) 

LOEC 
(ppm Cu) 

LC50 
(ppm Cu)

Reference 

Leiostomus xanthurus 
(Spot)4 

Egg Hatching 11-days 
with 

5 mM Tris 

1.27 2.8 6.35 NR Engel and Sunda, 1979 

Leiostomus xanthurus 
(Spot)4 

Egg Hatching 11-days 
Estimate 
without 

5 mM Tris 

0.000025 0.000050 0.000010 NR Engel and Sunda, 1979 

Menidia menidia 
(Atlantic silverside)4 

Egg Hatching 
 

11-days 
with 

5 mM Tris 

<1.27 <1.27 <1.27 NR Engel and Sunda, 1979 

Menidia  menidia 
(Atlantic silverside)4 

Egg Hatching 
 

11-days 
Estimate  
without 

5 mM Tris 

<0.00025 <0.000025 <0.000025 NR Engel and Sunda, 1979 

Micropogan undulatus 

(Croaker)1 
NR Mortality 15 days NR NR NR 0.210 Engel et al, 1976 in ACP, 

1999 
Menidia  menidia 

(Atlantic silverside)4 
NR Histopathology

 
4 days 0.25 0.35 0.506 NR Gardner and Laroche, 1973 

in ACP, 1999 
Pimephales notatus 

(Bluntnose minnow)1 
Life cycle NR Probably 

 >90 days 
0.0056 0.00885 0.011 NR Horning and Neiheisel, 1979 

in ACP, 1999 
Pimephales promelas 
(Fathead minnow)1 

4-day sac- fry Survival  & 
Growth in 

overlying water

10 days 0.00867 0.012 0.0172 NR Suedel et al 1996 

Pimephales promelas 
(Fathead minnow)1 

4-day sac- fry Survival & 
Growth in pore 

water 

10 days 0.04287 0.0605 0.0856 NR Suedel et al 1996 

Pimephales promelas 
(Fathead minnow)1 

4-day sac- fry Survival & 
Growth in 
sediment 

10 days 136.97 193.6 273.8 NR Suedel et al 1996 

Pimephales promelas 
(Fathead minnow)1 

4-day sac- fry Survival in 
overlying water

14 days 0.01517 0.021 0.0404 NR Suedel et al 1996 

Pimephales promelas 
(Fathead minnow)1 

4-day sac- fry Survival in 
pore water 

14 days 0.02027 0.029 0.0404 NR Suedel et al 1996 
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Table 20: Chronic Toxicity of Copper Sulfate and Other Divalent Copper Salts to Fish (continued) 
 

Species Size Class/ 
Age or Period

End -Point Time 
(Days) 

NOEC 
(ppm Cu) 

MATC 
(ppm Cu) 

LOEC 
(ppm Cu) 

LC50 
(ppm Cu)

Reference 

Pimephales promelas 
(Fathead minnow)1 

4-day sac- fry Survival in 
sediment 

14 days 129.37 182.9 0.033 NR Suedel et al 1996 

Pimephales promelas 
(Fathead minnow)1 

Life cycle NR Probably >90 
days 

0.013 0.0191 0.027 NR Various in ACP, 1999 

Pimephales promelas 
(Fathead minnow)1 

Egg to fry NR at 198 ppm 
hardness 

Long term 
Probably ~30 

days 

0.015 0.022 0.033 NR Mount, 1968 in Arthur and 
Leonard, 1970 

Pimephales promelas 
(Fathead minnow)1 

Egg to fry NR at 31ppm 
hardness 

Long term 
Probably ~30 

days 

0.0106 0.014 0.0184 NR Mount, 1968 in Arthur and 
Leonard, 1970 

Pimephales promelas 
(Fathead minnow)1 

Embryo and 
sac-fry 

NR 90-days 0.0099 0.0145 0.020 NR Mount & Stephan, 1969 
Harrison, 1986 

Pimephales promelas 
(Fathead minnow)1 

Adult Egg production 
NR 

6 months >0.037 >0.037 >0.0376 >0.037 Pickering et al, 1977 
Harrison, 1986 

Oncorhynchus thsawytscha 
(Chinook salmon)1 

 

Early life stage NR Probably 90 
days 

<0.0074 <0.0074 <0.0074 NR Chapman, 1978 & 1982 in 
ACP, 1999 

Oncorhynchus tshawytscha 
(Chinook salmon)1 

Early life stage Sac-fry survival 
and growth 

26 days 0.0105 0.015 0.0216 NR Hazel and Meith, 1970  

Oncorhynchus tshawytscha 
(Chinook salmon)1 

Juvenile Growth 14 weeks 0.035 0.049 0.0706 NR Buckley et al, 1982 in 
Harrison, 1986 

Oncorhynchus kisutch 
(Coho salmon)1 

Yearling smolt Survival of 
seawater 
challenge 

144 hrs 
exposure, & 
312 hours in 

seawater 

0.005 0.007 0.010 NR Lorz and McPherson, 1976 

Oncorhynchus kisutch 
(Coho salmon)1 

Yearling smolt Downstream 
migration 

170 days 0.0025 0.0035 0.0056 NR Lorz and McPherson, 1976 

Oncorhynchus mykiss 
(Rainbow trout)1 

NR Anorexia and 
growth 

40 days 0 NR 0.100-0.3006 NR Lett  et al, 1976  

Oncorhynchus mykiss 
(Rainbow trout)1 

Early life stage Teratogenesis NR <0.001 <0.001 <0.0016 NR Birge & Black, 1979 in 
Harrison, 1986 
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Table 20: Chronic Toxicity of Copper Sulfate and Other Divalent Copper Salts to Fish (continued) 
 

Species Size Class/ 
Age or Period

End -Point Time 
(Days) 

NOEC 
(ppm Cu) 

MATC 
(ppm Cu) 

LOEC 
(ppm Cu) 

LC50 
(ppm Cu)

Reference 

Oncorhynchus mykiss 
(Rainbow trout)1 

NR Cough response 
and respiratory 

distress 

NR 0.030 0.042 0.0606 NR Seller et al, 1975 in Harrison, 
1986 

Oncorhynchus mykiss 
(Rainbow trout)1 

Embryo and 
sac-fry 

NR 30 days 0.011 0.019 0.032 NR McKim et al, 1977 Harrison, 
1986 

Salmo trutta 
(Brown trout)1 

NR Immune 
suppression 

38 weeks 0.0015 0.0021 0.00296 NR O’Neil, 1981 in Harrison, 
1986 

Salmo Salar 
(Atlantic trout)1 

NR Anorexia NR 0.0215 0.031 0.0436 NR Grande et al, 1967 in 
Harrison, 1986 

Salvelinus fontinalis 

(Eastern Brook Trout)1 

 

Early life stage NR Probably >90 
days 

0.022 0.0315 0.043 NR McKim et al, 1978 in ACP, 
1999  

Salvelinus fontinalis 

(Eastern Brook Trout)1 

 

Early life stage NR Probably >90 
days 

0.028 0.0395 0.055 NR Sauter et al, 1976 in ACP, 
1999  

Salvelinus fontinalis 

(Eastern Brook Trout)1 

 

Life Cycle in 
45 ppm 
hardness 

Survival, 
growth & 
number of 
progeny 

Various but 
>90 days  

>0.0094 >0.0094 >0.0094 NR McKim and Benoit, 1974 

Salvelinus fontinalis 

(Eastern Brook Trout)1 

 

2-year Life 
Cycle 

In 45 ppm 
hardness 

Egg hatch 
 
 

12 days 0.0061 0.0075 0.0094 NR McKim and Benoit, 1974 

Salvelinus fontinalis 

(Eastern Brook Trout)1 

 

2-Year Life 
cycle 

In 44 ppm 
hardness 

Juvenile weight
 
 

90 days  <0.0045 <0.0045 0.0045 NR McKim and Benoit, 1974 

Salvelinus fontinalis 

(Eastern Brook Trout)1 

 

8-month Life 
cycle 44  ppm 

hardness 

Egg hatch 
 
 

90 days 0.0174 0.024 0.0325 NR McKim and Benoit, 1971 

Salvelinus fontinalis 

(Eastern Brook Trout)1 

 

Early Life 
Stage 

Survival and 
Growth in sac-
fry and juvenile

120 or 180 
days 

0.0095 0.013 0.0174 NR McKim and Benoit, 1971 
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Table 20: Chronic Toxicity of Copper Sulfate and Other Divalent Copper Salts to Fish (continued) 
 

Supplemental Environmental Impact Statement Assessments of Aquatic Herbicides: 
DRAFT Volume 6 – Copper, Section 4 – ENVIRONMENTAL EFFECTS 

Vol. 6, Sect. 4 – Page 356 
 

Species Size Class/ 
Age 

End -Point Time 
(Days) 

NOEC 
(ppm Cu) 

MATC 
(ppm Cu) 

LOEC 
(ppm Cu) 

LC50 
(ppm Cu)

Reference 

Salvelinus fontinalis 

(Eastern Brook Trout)1 

 

Life Cycle 
 in 45 ppm 
hardness 

Survival 
Growth and 

reproduction in 
adults 

8 months (life 
cycle) 

0.0174 0.024 0.0325 NR McKim and Benoit, 1971 

Salvelinus fontinalis 

(Eastern Brook Trout)1 

 

Young adult Yearling 
survival and 
premature 

hatch. Decrease 
in hatch 

8 months 0.0174 0.024 0.0325 NR Ingersol and Winner, 1982  
Harrison, 1986 

Salvelinus fontinalis 

(Eastern Brook Trout)1 
Embryos and 

sac-fry 
NR 60 days 0.012 0.063 0.070 NR Sauter et al, 1976 in 

Harrison, 1986 
Salvelinus fontinalis 

(Eastern Brook Trout)1 

 

Adult Decrease in 
plasma 

glutamate 
oxaloacetic 
tranaminase 

365 days 0.0085 0.012 0.0176 NR McKim et al, 1983 in  
Harrison, 1986 

Salvilinus namycush 

(Lake trout)1 
Early life 

Stage 
NR4 NR 

(Probably ~90 
days) 

0.021 0.0315 0.048 NR McKim et al, 1978 in ACP, 
1999 

Trichogaster  trichopterus 
(Blue gourami)1,2 

Adult Immune 
response 

3-4 weeks 0.0045 0.0064 0.0096 NR Rolls and Permuter, 1976 
Harrison, 1986 

 
1 Freshwater fish 
2 Exotic (Tropical) fish  
3 NR = Not Reported  
4 Seawater fish 
5 MATC was the originally reported value; NOEC≈ MATC / √2; LOEC ≈ MATC x √2 
6 LOEC was the originally reported value;  NOEC≈ LOEC / 2; MATC ≈ LOEC / √2 
7 NOEC was the originally reported value; LOEC ≈ NOEC x 2; MATC ≈ NOEC x √2 
NOEC = Statistical No Observed Effect Concentration 
MATC = Maximum Acceptable Toxic Concentration = geometric mean of NOEC and LOEC 
LOEC = Statistical Lowest Observed Effect Concentration 
BCF = Bioconcentration Factor 



Table 21: Chronic Toxicity of Copper Sulfate and Other Divalent Copper Salts to Invertebrates  
 

Species Type Water Age and 
Endpoint 

Time 
(days)

NOEC 
(ppm Cu) 

MATC 
(ppm Cu) 

LOEC 
(ppm Cu) 

Reference 

Acanthocylops 
vernalis Diacyclops 

thomasi 
(Copepod) 

NR1 FW2 NR 
Reduction in 

growth 

7  0.021 0.030 0.0423 Borgmann and Ralph, 
1984 in Harrison, 

1986 

Bosmina longirostris 
(freshwater rotifer) 

NR FW Juvenile 
to adult  
survival, 
growth, 

maturation 
and fecundity

NR 0.005-0.015 0.007-0.021 0.01 – 0.033 Koivisto and Ketola, 
1995 (Abstract) 

Campeloma decisum 
(Operculate pond 

snail) 

Flow-
through 

FW 11 to 27 mm 
Survival 

42 0.008 0.011 0.0148 Arthur and Leonard, 
1970 

Ceriodaphnia dubia 
(Water flea) 

NR FW 

Overlying 
Water 

<24 hour  
reproduction 

 

14 0.00324 0.0045 0.0064 Suedel et al,  1996 

Ceriodaphnia dubia 
(Waterf lea) 

NR FW  
Pore water

<24 hour  
reproduction 

 

14 0.04894 0.069 0.0978 Suedel et al,  1996 

Ceriodaphnia dubia 
(Waterf lea) 

NR FW 

Sediment 
<24 hour  

reproduction 
 

14 11.94 16.8 23.8 Suedel et al,  1996 

Chironomus tentans 
(Bloodworm) 

NR FW 
Overlying 

water 

10 days 
Survival 

10 0.02294 0.032 0.0458 Suedel et al,  1996 

Chironomus tentans 
(Bloodworm) 

NR FW 
Pore 
water 

10 days 
Survival 

10 0.03614 0.051 0.072 Suedel et al,  1996 

Chironomus tentans 
(Bloodworm) 

NR FW 
Sediment 

10 days 
Growth 

10 >2164 >216 >216 Suedel et al,  1996 
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Table 21: Chronic Toxicity of Copper Sulfate and Other Divalent Copper Salts to Invertebrates (continued) 

Species Type Water Age and 
Endpoint 

Time 
(days)

NOEC 
(ppm Cu) 

MATC 
(ppm Cu) 

LOEC 
(ppm Cu) 

Reference 

Corbicula fluminea 
(Bivalve) 

NR FW NR 
Histopatho-

logical  
immune 
response 

NR 0.125 0.177 0.250 Martin and Sparks, 
1971 in Harrison, 

1986 

Corbicula fluminea 
(Bivalve) 

NR FW NR 
Intercellular 
vacuolization 

NR 0.012 0.025 0.050 Martin and Sparks, 
1971 in Harrison, 

1986 
Corbicula manilensis 

(Bivalve) 
NR FW NR  

Incipient 
lethal 

concentration

70 <0.01 <0.01 <0.0103 Harrison et al, 1981, 
1984 in ACP, 1999 

Daphnia ambigua 
(Water flea) 

NR FW NR  
Life Cycle 

reproduction 

21 0.0075 0.019 0.0493 Winner and Farrell, 
1976 in ACP, 1999 

Daphnia magna 
(Water flea) 

NR FW 

 
NR  

Life-cycle 
reproduction 

21  0.022 
16% 

reproductive 
Impairment 

0.028 0.035 ppm  
50% 

reproductive 
impairment 

Biesinger and 
Christensen, 1972 

Daphnia magna 
(Water flea) 

NR FW 

 
NR  

Life-cycle 
weight 

reduction 

21  0.020 0.028 0.0403 Biesinger and 
Christensen, 1972 

Daphnia magna 
(Waterflea) 

NR FW 

 
NR  

Life-cycle 
reproduction 

21  0.0016 0.0023 0.00323  Dave, 1984 in 
Harrison, 1986 

Daphnia pulex 
(Water flea) 

NR FW Juvenile 
to adult  

maturation 

NR 0.005-0.015 0.0071-
0.021 

0.01 – 0.033 Koivisto and Ketola, 
1995 (Abstract) 
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Table 21: Chronic Toxicity of Copper Sulfate and Other Divalent Copper Salts to Invertebrates (continued) 

Species Type Water Age and 
Endpoint 

Time 
(days) 

NOEC 
(ppm Cu) 

MATC 
(ppm Cu) 

LOEC 
(ppm Cu) 

Reference 

Daphnia parvula 
(Water flea) 

NR FW NR  
Population 

growth 

NR 0.0245 0.035 0.0493 Winner & Farrell, 
1976 in ACP, 1999 

Daphnia pulex 
(Water flea) 

NR FW NR  
Population 

growth 

NR 0.0245 0.035 0.049 3 Winner & Farrell, 
1976 in ACP, 1999 

Daphnia pulex 
(Water flea) 

NR FW 

 
NR  

Life-cycle 
survival & 
brood size 

70  0.0025 0.0035 0.0053 Ingersol & Winner, 
1982 in Harrison, 

1986 

Eurythoe complanta 
(Polychaete worm) 

NR SW5 NR  
immune 
response 

suppression in 
1-2 gram 
worms 

7 <0.4 <0.4 <0.43 Macrcano et al, 1997 

Gammarus 
pseudolimnaeus 

(Scud)  

NR FW NR NR  
(Chronic)

0.0031 0.0043 0.00613 EPA working group, 
1980 

Gammarus 
psuedolimnaeus 

(False snail scud) 

Flow-
through 

FW Juvenile to 
adult survival 

42 0.008 0.011 0.0148 Arthur and Leonard, 
1970 

Gammarus 
psuedolimnaeus 

(False snail scud) 

Flow-
through 

FW Juvenile to 
adult  

reproduction 

63 0.0029 0.0036 0.0046 Arthur and Leonard, 
1970 

Gammarus 
psuedolimnaeus 

(False snail scud) 

Flow-
through 

FW Survival of 
hatchlings 

35 0.0062 0.0089 0.0129 Arthur and Leonard, 
1970 
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Table 21: Chronic Toxicity of Copper Sulfate and Other Divalent Copper Salts to Invertebrates (continued) 
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Species Type Water Age and 
Endpoint 

Time 
(days) 

NOEC 
(ppm Cu) 

MATC 
(ppm Cu) 

LOEC 
(ppm Cu) 

Reference 

Macrobrachium 
cardina 

(Decapod) 

NR FW NR 
Histological 

effects 

6-8 0.025-0.005 0.035-0.071 0.050-0.1003 Ghate & Mulherkar, 
1979 in Harrison, 

1986 
Metapenaeus enis 

(Decapod) 
NR SW Post-larvae 

growth 
8  0.045 0.063 0.0893 Wong et al, 1995 

(Abstract) 
Metapenaeus enis 

(Decapod) 
NR SW Post-larvae 

survival 
10  0.005 0.071 0.1 Wong et al, 1995 

(Abstract) 
Metapenaeus enis 

(Decapod) 
NR SW Post-lavae 

growth 
10  0.057 0.067 0.08 Wong et al, 1995 

(Abstract) 
NR 

(Midges) 
NR FW NR 

Emergence 
259 0.015 0.021 0.0303 Hedke, 1984 in ACP, 

1999 
Oncorhynatus 

susticus 
(Decapod) 

NR FW NR 
Growth 

30 0.0025 0.0035 0.0053 Ghate & Mulherkar, 
1979 in Harrison, 

1986 
Oroconectes rusticus 
(Northern crayfish) 

NR FW Survival  of 
newly hatched

17 0.0625 0.088 0.1253 Hubschman, 1967 in 
ACP, 1999 

Physa integra 
(Pond snail) 

Flow-
through 

FW 4-7mm 
survival 

42 0.008 0.011 0.0148 Arthur and Leonard, 
1970 

Venerupis deussata 
(Clam) 

NR SW NR NR 
(Chronic)

0.0005 0.0007 0.0013 EPA working group, 
1980 

 
1 NR = Not reported 
2  Freshwater fish 
3 LOEC was the originally reported value;  NOEC≈ LOEC / 2; MATC ≈ LOEC / √2 
4 NOEC was the originally reported value; LOEC ≈ NOEC x 2; MATC ≈ NOEC x √2 
5 Seawater fish 
 
NOEC = Statistical No Observed Effect Concentration. 
MATC = Maximum Acceptable Toxic Concentration = geometric mean of NOEC and LOEC. 
LOEC = Statistical Lowest Observed Effects Concentration



 

Table 22: Effects of Copper on Survival and population Size Structure of largemouth Bass in Guntersville Reservoir (Alabama) after 
Treatment with Herbicides to Control Hydrilla verticillata and Myriophyllum spicatum 

 
Herbicide 
Treatment 

Treatment 
Rate 

Target Weed Number of 
Tagged Fish 

Start of 
Study/(End of 

Study) 

Average 
Length at Start 
of Study (mm) 

Average 
Length at  

End of study 
(mm) 

Mean 
Condition 

(Ktl) 
Start of 

Study/(End of 
Study) 

Mean Catch 
per unit 

effort 
Start of 

Study/(End 
of Study) 

Mean Length 
Start of 

Study/(End 
of Study) 

2,4-D 2.0 Myriophyllum 
spicatum 

8/(5) 410±104 422±111 1.5/(1.2) 
 

5/(4) 300/(260) 

2,4-D 2.0 Myriophyllum 
spicatum 

      

Diquat + 
Komeen® 

0.3+0.3 Hydrilla 
Verticillata 

8/(5) 383±87 350±41 1.5/(1.4) 5/(5) 280/(360) 

Untreated 
Control 

0 
Simulated 

Myriophyllum 
spicatum 

6/(5) 367±81 378±85 1.8/(1.2) 2/6 280/(300) 

Untreated 
Control 

0 
Simulated 

Myriophyllum 
spicatum 

7(4) 366±56 399±56 1.8/(1.2) 2(6) 280/(300) 
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Table 23A: Acute Assessment for Copper Products 
 

Scientific name Common Name Hardness 
ppm Cu 

C03 

Alkalinity
ppm Cu 

C03 

EEC1 
(ppm Cu) 

LC502 

(ppm Cu)
Risk 

Quotient3 
LOC4 RQ Exceeds LOC 

Inorganic Copper Salts Including Copper Sulfate at a Rate of 0.062 ppm Cu with Half-Life in Soft Water = 5.5 days and Half-Life in Hard Water= 2.0 
days of Fish 

Pimephales promelas Fathead minnow 6 to 10 20 to 25 0.0485 0.0125 3.840 0.1/0.5 Yes/Yes 
(Adverse Impact) 

Oncorhynchus clarkii Cutthroat trout NR6 

(Low) 
NR 

(Low) 
0.0485 0.016 3.000 0.1/0.5 Yes/Yes 

(Adverse Impact 
Endangered species 
with very high level 

of concern) 
Oncorhynchus mykiss Steelhead trout 24 22 0.0485 ~0.018 2.700 0.1/0.5 Yes/Yes 

(Adverse Impact) 
Ptychocheilus oregonensis  Northern squawfish NR NR 0.0485 0.018 2.667 0.1/0.5 Yes/Yes 

(Adverse Impact) 
Oncorhynchus tshawytscha Chinook salmon 24 22 0.0485 0.019 2.526 0.1/0.5 Yes/Yes 

(Adverse Impact 
Endangered species 
with very high level 

of concern) 
Morone saxatilis Striped bass NR NR 0.0485 0.025 1.920 0.1/0.5 Yes/Yes 

(Adverse Impact) 
Notropis atherinoides Emerald shiner 132 NR 0.034-

0.0485 
0.025 1.4-1.9 0.1/0.5 Yes/Yes 

(Adverse Impact) 
Salmo salar Atlantic salmon NR 

(Probably 
Low) 

NR 
(Probably 

Low) 

0.0485 0.025 1.920 0.1/0.5 Yes/Yes 
(Adverse Impact 

Endangered species 
with high level of 

concern) 
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Table 23A: Acute Assessment for Copper Products (continued) 

Scientific name Common Name Hardness 
ppm Cu 

C03 

Alkalinity
ppm Cu 

C03 

EEC1 
(ppm Cu) 

LC502 

(ppm Cu)
Risk 

Quotient3 
LOC4 RQ Exceeds LOC 

Inorganic Copper Salts Including Copper Sulfate at a Rate of 0.062 ppm Cu with Half-Life in Soft Water = 5.5 days and Half-Life in Hard Water= 2.0 
days of Fish 

Paralichthys dentatus Summer flounder NR 
(Seawater) 

NR 
(Seawater) 

0.0485 0.028 1.714 0.1/0.5 Yes/Yes 
(Adverse Impact) 

Oncorhynchus mykiss Steelhead trout 24 22 0.0345 0.029 1.172 0.1/0.5 Yes/Yes 
(Adverse Impact 

Endangered species 
with high level of 

concern) 
Oncorhynchus mykiss Rainbow trout 272 NR 0.0345 0.034 1.000 0.1/0.5 Yes/Yes 

(Adverse Impact 
Sensitive Species 
will be adversely 

impacted) 
Lebistes reticulatus Guppy NR 

(Probably 
High) 

NR 
(Probably 
Alkaline) 

0.0345 0.036 0.944 0.1/0.5 Yes/Yes 
(Adverse Impact) 

Oncorhynchus kisutch Coho salmon 100-50 NR 0.0485 0.045 1.067 0.1/0.5 Yes/Yes 
(Adverse Impact 

Endangered species. 
Will be adversely 

impacted) 
Paralichthys dentatus Summer flounder NR 

(Seawater) 
NR 

(Seawater) 
0.0485 0.0467 1.028 0.1/0.5 Yes/Yes 

(Adverse Impact) 
Ictalurus punctatus Channel catfish 16 16 0.0485 0.054 0.889 0.1/0.5 Yes/Yes 

(Adverse Impact) 
Tricogaster trichopterus Blue gourami NR 

(Deionized )
NR 

(Deionized )
0.0485 0.091 0.527 0.1/0.5 Yes/No 

(Restricted Use) 
Salvelinus fontinalis Eastern brook trout 45 42 0.0485 0.1 0.480 0.1/0.5 Yes/No 

(Restricted Use) 
Lebistes reticulatus Guppy 87 NR 0.034 – 

0.0485 
0.1 0.340 – 0.480 0.1/0.5 Yes/No 

(Restricted Use) 
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Table 23A: Acute Assessment for Copper Products (continued) 

Scientific name Common Name Hardness 
ppm Cu 

C03 

Alkalinity
ppm Cu 

C03 

EEC1 
(ppm Cu) 

LC502 

(ppm Cu)
Risk 

Quotient3 
LOC4 RQ Exceeds LOC 

Inorganic Copper Salts Including Copper Sulfate at a Rate of 0.062 ppm Cu with Half-Life in Soft Water = 5.5 days and Half-Life in Hard Water= 2.0 
days of Fish 

Menidia peninsulae Tidewater silverside NR NR 0.0485 0.14 0.343 0.1/0.5 Yes/No 
(Restricted Use) 

Pseudopleuronectes 
americanus 

Winter flounder NR 
(Seawater) 

NR 
(Seawater) 

0.0485 0.142 0.338 0.1/0.5 Yes/No 
(Restricted Use) 

Acrocheilus gluteaceus Chisel mouth 51-100 NR 0.0485 0.143 0.336 0.1/0.5 Yes/No 
(Restricted Use) 

Gambusia affinis Mosquito fish 0-50 NR 0.0485 0.147 0.327 0.1/0.5 Yes/No 
(Restricted Use) 

Oncorhynchus tshawytscha Chinook salmon NR 
(Probably 

Low) 

NR 0.0485 0.178 0.270 0.1/0.5 Yes/No 
(Restricted Use 

Endangered species 
with high level of 

concern) 
Ictalurus nebulosus Brown bullhead 200 NR 0.034-

0.0485 
0.18 0.2-0.25 0.1/0.5 Yes/No 

(Restricted Use) 
Brachdanio rario Zebrafish >200 NR 0.034-

0.0485 
0.21 0.19-0.23 0.1/0.5 Yes/No 

(Restricted Use) 
Lepomis macrochirus Bluegill sunfish 272 NR 0.034-

0.0485 
0.221 0.15-0.22 0.1/0.5 Yes/No 

(Restricted Use) 
Pimephales notatus Bluntnose minnow 200 NR 0.034-

0.0485 
0.26 0.13-0.18 0.1/0.5 No/No  

(Probably Not) 
Notoemigonus crysoleucas Golden shiner NR 

(Probably 
Low) 

NR 
(Probably 

Low) 

0.0587 0.27 0.214 0.1/0.5 Yes/No 
(Restricted Use) 

Cyprinodon variegatus Sheepshead minnow NR 
(Seawater) 

NR 
(Seawater) 

0.0485 0.28 0.171 0.1/0.5 Yes/No 
(Restricted Use) 

Ethestoma caeruleum Rainbow darter 200 NR 0.034-
0.0485 

0.32 0.11-0.15 0.1/0.5 No/No 
(Probably Not) 

Rhinichthys atratulus Blacknose dace NR 
(High) 

NR 0.0345 0.32 0.106 0.1/0.5 No/No 
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Table 23A: Acute Assessment for Copper Products (continued) 

Scientific name Common Name Hardness 
ppm Cu 

C03 

Alkalinity
ppm Cu 

C03 

EEC1 
(ppm Cu) 

LC502 

(ppm Cu)
Risk 

Quotient3 
LOC4 RQ Exceeds LOC 

Inorganic Copper Salts Including Copper Sulfate at a Rate of 0.062 ppm Cu with Half-Life in Soft Water = 5.5 days and Half-Life in Hard Water= 2.0 
days of Fish 

Carrasius auratus Goldfish 272 NR 0.034-
0.0485 

0.345 0.098-0.14 0.1/0.5 No/No 

Oncorhynchus clarkii Cutthroat trout NR 
(High) 

NR 
(High) 

0.0345 0.367 0.093 0.1/0.5/0.05 No/No/Yes 
(Endangered species 

with high level of 
concern. May be 

adversely impacted)
Trachinotus carolinus Florida pompano NR 

(Seawater) 
NR 

(Seawater) 
0.0485 0.417 0.115 0.1/0.5 No/No 

Danio malabaricus Giant daino 190 NR 0.034-
0.0485 

0.5 0.068-0.096 0.1/0.5 No/No 

Perciformes sp. Mixed perch species NR 
(Low) 

NR 0.0485 0.66 0.073 0.1/0.5 No/No 

Ictalurus punctatus Channel catfish 83 76 0.0485 0.7 0.069 0.1/0.5 No/No 
Cyprinus carpio Common carp NR 

(High) 
NR 0.0345 0.81 0.042 0.1/0.5 No/No 

Gambusia affinis Mosquito fish 210 NR 0.034-
0.0485 

0.81 0.042-0.059 0.1/0.5 No/No 

Agosia chrogaster Longnose dace 218 NR 0.034-
0.0485 

0.86 0.040-0.056 0.1/0.5 No/No 

Ethestoma spectabie Orangethroat darter 200 NR 0.034-
0.0485 

0.86 0.040-0.056 0.1/0.5 No/No 

Lepomis cyanocephalus Green sunfish NR 
(Probably 

Low) 

NR 
(Probably 

Low) 

0.0485 0.87 0.055 0.1/0.5 No/No 

Ictalurus punctatus Channel catfish 287 240 0.034-
0.0485 

0.925 0.037-0.052 0.1/0.5 No/No 

Jordandella floridae Flagfish NR 
(High) 

NR 0.0345 1.27 0.027 0.1/0.5 No/No 

Fundulus daphinus Banded killifish 53 NR 0.0485 1.32 0.036 0.1/0.5 No/No 
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Table 23A: Acute Assessment for Copper Products (continued) 

Scientific name Common Name Hardness 
ppm Cu 

C03 

Alkalinity
ppm Cu 

C03 

EEC1 
(ppm Cu) 

LC502 

(ppm Cu)
Risk 

Quotient3 
LOC4 RQ Exceeds LOC 

Inorganic Copper Salts Including Copper Sulfate at a Rate of 0.062 ppm Cu with Half-Life in Soft Water = 5.5 days and Half-Life in Hard Water= 2.0 
days of Fish 

Gambusia affinis Mosquito fish 105 NR 0.0485 1.32 0.036 0.1/0.5 No/No 
Pimephales promelas Fathead minnow NR 

(High) 
NR 0.0345 1.45 0.023 0.1/0.5 No/No 

Cirrhina mrigala Hamilton’s carp NR 
(High) 

NR 0.0345 1.5 0.023 0.1/0.5 No/No 

Lepomis gibbosus Pumpkinseed sunfish NR 
(Probably 

High) 

NR 
(Probably 

High) 

0.0485 2.4 0.020 0.1/0.5 No/No 

Perciformes sp. Mixed perch species NR 
(High) 

NR 0.0485 2.55 0.019 0.1/0.5 No/No 

Lepomis macrochirus Bluegill sunfish NR 
(Probably 

Inter.) 

NR 0.034-
0.0485 

2.6 0.013-0.018 0.1/0.5 No/No 

Anguilla rostratata Glass and Black eel  40-50 NR 0.0485 2.87 0.017 0.1/0.5 No/No 

Punctus ticto Checkered barb 190 NR 0.045-
0.0587 

3 0.015-0.019 0.1/0.5 No/No 

Tilapia massambica Mozambique tilapia NR 
(Probably 

High) 

NR 
(Probably 

High) 

0.0458 6 0.008 0.1/0.5 No/No 

Perca americana White perch NR 
(Probably 

High) 

NR 
(Probably 

High) 

0.0345 6.2 0.005 0.1/0.5 No/No 

Komeen® at Rate or 0.5 ppm Cu with a Half-Life of 0.18 days on Fish 
Oncorhynchus mykiss Rainbow trout NR 

(Probably 
Low) 

NR 0.0325 0.076 0.421 0.1/0.5 Yes/No 
(Restricted Use 

Sensitive Species 
may be adversely 

impacted) 
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Table 23A: Acute Assessment for Copper Products (continued) 

Scientific name Common Name Hardness 
ppm Cu 

C03 

Alkalinity
ppm Cu 

C03 

EEC1 
(ppm Cu) 

LC502 

(ppm Cu)
Risk 

Quotient3 
LOC4 RQ Exceeds LOC 

Komeen® at Rate or 0.5 ppm Cu with a Half-Life of 0.18 days on Fish 
Oncorhynchus mykiss Rainbow trout NR 

(Probably 
High) 

NR 0.0325 4.6 0.007 0.1/0.5 No/No 

Notemigonus crysoleucus Golden shiner 20 18 0.0325 5.4 0.006 0.1/0.5 No/No 

Lepomis macrochirus Bluegill sunfish NR 
(Probably 

Low) 

NR 
(Probably 

soft) 

0.0325 30 0.001 0.1/0.5 No/No 

Notemigonus crysoleucus Golden shiner 279 78 0.0325 50.4 0.001 0.1/0.5 No/No 

Morone saxatilis Striped bass NR 
(Probably 

High) 

NR 
(Probably 

High) 

0.0325 320 0.000 0.1/0.5 No/No 

Perca americana White perch NR 
(Probably 

High) 

NR 
(Probably 

High) 

0.0325 496 0.000 0.1/0.5 No/No 

Micropterus salmoides Largemouth bass NR 
(Probably 

High) 

NR 
(Probably 

High) 

0.0325 558 0.000 0.1/0.5 No/No 

K-Tea® at Rate or 0.5 ppm Cu with a Half-Life of 6.0 days on Fish  
Oncorhynchus mykiss Rainbow trout NR 

(Probably 
Low) 

NR 0.45 0.029 13.793 0.1/0.5 Yes/Yes 
(Adverse Impact 

Sensitive species will 
be adversely 

impacted) 
Lepomis macrochirus Bluegill sunfish NR 

(Probably 
Low) 

NR 0.45 4.3 0.093 0.1/0.5 No/No 
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Table 23A: Acute Assessment for Copper Products (continued) 

Scientific name Common Name Hardness 
ppm Cu 

C03 

Alkalinity
ppm Cu 

C03 

EEC1 
(ppm Cu) 

LC502 

(ppm Cu)
Risk 

Quotient3 
LOC4 RQ Exceeds LOC 

Cutrine® or Copper Control®  at Rate or 0.5 ppm Cu with a Half-Life of 6.0 days on Fish 
Oncorhynchus mykis Rainbow trout NR 

(Probably 
Low) 

NR 0.45 0.03 13.333 0.1/0.5 Yes/Yes 
(Adverse Impact. 

Sensitive species will 
be adversely 

impacted) 
Oncorhynchus mykis Rainbow trout 290 NR 0.45 4 0.100 0.1/0.5 No/No 

(Sensitive Species 
may be adversely 

impacted) 
Morone saxatilis  Striped bass NR 

(Probably 
Low) 

NR 0.45 0.01 40.000 0.1/0.5 Yes/Yes  
(Adverse Impact) 

Ictalurus punctatus Channel catfish 16 16 0.45 0.051 7.843 0.1/0.5 Yes/Yes  
(Adverse Impact) 

Morone saxatilis  Striped bass NR 
(Probably 

Low) 

NR 0.45 0.1 4.000 0.1/0.5 Yes/Yes  
(Adverse Impact) 

Cirrhina mrigala Hamilton's carp NR 
(Probably 

High) 

NR 
(Probably 

High) 

0.45 >0.85 <0.47 0.1/0.5 Not determinable 

Labeo rohita Rohita carp NR 
(Probably 

High) 

NR 
(Probably 

High) 

0.45 >0.85 <0.47 0.1/0.5 Not determinable 

Lepomis cyanocephalus Green sunfish 11 NR 0.45 0.94 0.426 0.1/0.5 Yes/No 
(Restricted Use) 

Lepomis macrochirus Bluegill sunfish 48 NR 0.45 1.4 0.286 0.1/0.5 Yes/No 
(Restricted Use) 

Ictalurus punctatus Channel catfish 83 76 0.45 1.362 0.294 0.1/0.5 Yes/No 
(Restricted Use) 

Lepomis macrochirus Bluegill sunfish 200 NR 0.45 7.5 0.053 0.1/0.5 No/No 
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Table 23A: Acute Assessment for Copper Products (continued) 

Scientific name Common Name Hardness 
ppm Cu 

C03 

Alkalinity
ppm Cu 

C03 

EEC1 
(ppm Cu) 

LC502 

(ppm Cu)
Risk 

Quotient3 
LOC4 RQ Exceeds LOC 

Gambusia affinis Mosquito fish 105 NR 0.45 2.9 0.138 0.1/0.5 No/No 

Micropterus salmoides Largemouth bass NR 
(Probably 

High) 

NR 
(Probably 

High) 

0.45 6.4 0.063 0.1/0.5 No/No 

Lepomis cyanocephalus Green sunfish 320 NR 0.45 11.6 0.034 0.1/0.5 No/No 
Inorganic copper salts Including Copper Sulfate at Rate 0.062 ppm Cu with a Half-Life of 5.5 days in Soft Water and a Half-Life of 2.0 days in Hard 

Water on Aquatic Invertebrates 
Ceriodaphnia dubia Waterflea 6 to 10 9 to 21 0.0588 0.0027 20.37 0.1/0.5 Yes/Yes 

(Adverse Impact) 
Daphnia hyalina Waterflea NR 

(Probably 
Low) 

NR 
(Probably 

Low) 

0.0485 0.005 9.600 0.1/0.5 Yes/Yes 
(Adverse Impact) 

Mytilis edulis Mussel NR 
(Seawater) 

NR 
(Seawater) 

0.0485 0.0058 8.276 0.1/0.5 Yes/Yes 
(Adverse Impact) 

Daphnia magna  Waterflea NR 
(Probably 

Low) 

NR 
(Probably 

Low) 

0.0558 0.0065 8.462 0.1/0.5 Yes/Yes 
(Adverse Impact) 

Crassostrea gigas Pacific oyster NR 
(Seawater) 

NR 0.0485 0.0078 6.154 0.1/0.5 Yes/Yes 
(Adverse Impact) 

Daphnia magna  Waterflea 6 to 10 9 to 21 0.0558 0.011 5.000 0.1/0.5 Yes/Yes 
(Adverse Impact) 

Daphnia magna Waterflea 45.3 42.3 0.0558 0.0098 5.612 0.1/0.5 Yes/Yes 
(Adverse Impact) 

Gammarus pseudolimnaeus False snail scud 45 43 0.0485 0.02 2.400 0.1/0.5 Yes/Yes 
(Adverse Impact) 

Gammarus pulex Flea scud NR 
(Low) 

NR 0.0485 0.021 2.286 0.1/0.5 Yes/Yes 
(Adverse Impact) 

Daphnia pulex Waterflea 45 NR 0.0558 0.023 2.391 0.1/0.5 Yes/Yes 
(Adverse Impact) 

Coibicula manilensis Manila clam NR NR 0.0485 0.025 1.920 0.1/0.5 Yes/Yes 
(Adverse Impact) 
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Table 23A: Acute Assessment for Copper Products (continued) 

Scientific name Common Name Hardness 
ppm Cu 

C03 

Alkalinity
ppm Cu 

C03 

EEC1 
(ppm Cu) 

LC502 

(ppm Cu)
Risk 

Quotient3 
LOC4 RQ Exceeds LOC 

Inorganic copper salts Including Copper Sulfate at Rate 0.062 ppm Cu with a Half-Life of 5.5 days in Soft Water and a Half-Life of 2.0 days in Hard 
Water on Aquatic Invertebrates 

Streptocephalus 
proboscideus 

Branchiopod 8 to 10 ~14 0.0587 0.03 1.933 0.1/0.5 Yes/Yes 
(Adverse Impact) 

Acartia tonsa Copepod NR 
(Seawater) 

NR 
(Seawater) 

0.0485 0.031 1.548 0.1/0.5 Yes/Yes 
(Adverse Impact) 

Lymnaea acuminata Pond snail NR 
(Probably 

Low) 

NR 0.0485 0.034 1.412 0.1/0.5 Yes/Yes 
(Adverse Impact) 

Phialidium sp. Hydromedusae NR 
(Seawater) 

NR 
(Seawater) 

0.0587 0.036 1.611 0.1/0.5 Yes/Yes 
(Adverse Impact) 

Mya arnerier Bivalve NR 
(Seawater) 

NR 
(Seawater) 

0.0485 0.039 1.231 0.1/0.5 Yes/Yes 
(Adverse Impact) 

Physa integra Pond snail 45 NR 0.0485 0.039 1.231 0.1/0.5 Yes/Yes 
(Adverse Impact) 

Biomphalaria globrata Mollusc (snail) 200 NR 0.034-
0.0485 

0.04 0.85-1.2 0.1/0.5 Yes/Yes 
(Adverse Impact) 

Corbicula fluminea Freshwater clam 64 NR 0.0485 0.04 1.200 0.1/0.5 Yes/Yes 
(Adverse Impact) 

Crassostrea virginica Eastern oyster NR 
(Seawater) 

NR 
(Seawater) 

0.0485 0.043 1.116 0.1/0.5 Yes/Yes 
(Adverse Impact) 

Homarus americanus American lobster NR 
(Seawater) 

NR 
(Seawater) 

0.0485 0.048 1.000 0.1/0.5 Yes/Yes 
(Adverse Impact) 

Cloen dipterum Mayfly NR 
(Probably 

Low) 

NR 
(Probably 

Low) 

0.0345 0.053 0.642 0.1/0.5 Yes/Yes 
(Adverse Impact) 

Potamopyrgus jenkinsi Mollusc (snail) NR 
(High) 

NR 0.0345 0.054 0.630 0.1/0.5 Yes/Yes 
(Adverse Impact) 

Haliotis sp. Bivalve NR 
(Seawater) 

NR 0.0485 0.057 0.842 0.1/0.5 Yes/Yes 
(Adverse Impact) 

Hyalella azteca Amphipod 6 to 10 9 to 21 0.0485 0.066 0.727 0.1/0.5 Yes/Yes 
(Adverse Impact) 
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Table 23A: Acute Assessment for Copper Products (continued) 

Scientific name Common Name Hardness 
ppm Cu 

C03 

Alkalinity
ppm Cu 

C03 

EEC1 
(ppm Cu) 

LC502 

(ppm Cu)
Risk 

Quotient3 
LOC4 RQ Exceeds LOC 

Inorganic copper salts Including Copper Sulfate at Rate 0.062 ppm Cu with a Half-Life of 5.5 days in Soft Water and a Half-Life of 2.0 days in Hard 
Water on Aquatic Invertebrates 

Physa heterotropha Pond snail 100 NR 0.034-
0.0485 

0.069 0.49-0.70 0.1/0.5 Yes/No 
(Probably Restricted 

Use) 
Tisbe holothuriae Copepod NR 

(Seawater) 
NR 

(Seawater) 
0.0558 0.08 0.67 0.1/0.5 Yes/Yes 

(Adverse Impact) 
Euphausia pacifica Euphausid shrimp NR 

(Seawater) 
NR 

(Seawater) 
0.0527 0.082 0.634 0.1/0.5 Yes/Yes 

(Adverse Impact) 
NR Mixed Annelid Species NR 

(Seawater) 
NR 

(Seawater) 
0.0587 0.089 0.652 0.1/0.5 Yes/Yes 

(Adverse Impact) 
Nais sp. Annelid worm 50 NR 0.0485 0.09 0.533 0.1/0.5 Yes/No 

(Probably Restricted 
Use) 

Brachonius plicatilis Rotifer NR 
(Seawater) 

NR 
(Seawater) 

0.0587 0.1 0.580 0.1/0.5 Yes/Yes 
(Adverse Impact) 

Homarus americanus American lobster NR 
(Seawater) 

NR 
(Seawater) 

0.0485 0.1 0.480 0.10/0.5 Yes/No  
(Restricted Use) 

Gyraulus cricumstriatus Snail 100 NR 0.034-
0.0485 

0.108 0.31-0.44 0.1/0.5 Yes/No  
(Restricted Use) 

Keratella sp. Rotifer  NR NR 0.0485 0.101 0.475 0.1/0.5 Yes/No  
(Restricted Use) 

Gammarus pulex Flea scud NR 
(High) 

NR 0.0345 0.11 0.31 0.1/0.5 Yes/No  
(Restricted Use) 

Haliotis rufescens Bivalve NR 
(Seawater) 

NR 
(Seawater) 

0.0485 0.114 0.421 0.1/0.5 Yes/No 
(Restricted Use) 

Potamopyrgus jenkinsi Mollusc (snail) NR 
(High) 

NR 0.0458 0.112 0.402 0.1/0.5 Yes/No  
(Restricted Use) 

Pyllodoce maculata Polychaete worm NR 
(Seawater) 

NR 
(Seawater) 

0.0485 0.12 0.400 0.1/0.5 Yes/No  
(Restricted Use) 

Streptoephalus proboscideus Branchiopod 250-237 225-245 0.0527 0.13 0.400 0.1/0.5 Yes/No  
(Restricted Use) 
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Table 23A: Acute Assessment for Copper Products (continued) 

Scientific name Common Name Hardness 
ppm Cu C03

Alkalinity
ppm Cu 

C03 

EEC1 
(ppm Cu) 

LC502 

(ppm Cu)
Risk 

Quotient3 
LOC4 RQ Exceeds LOC 

Inorganic copper salts Including Copper Sulfate at Rate 0.062 ppm Cu with a Half-Life of 5.5 days in Soft Water and a Half-Life of 2.0 days in Hard 
Water on Aquatic Invertebrates 

Labidocera scotti Copepod NR 
(Seawater) 

NR 0.0587 0.132 0.44 0.1/0.5 Yes/No  
(Restricted Use) 

Lophopodella carteri Bryozoan 190-220 NR 0.034-
0.0485 

0.14 0.24-0.34 0.1/0.5 Yes/No  
(Restricted Use) 

Plumatella emarginata Bryozoan 190-120 NR 0.034-
0.0485 

0.14 0.24-0.34 0.1/0.5 Yes/No  
(Restricted Use) 

Sagita hispida Arrow worm NR 
(Seawater) 

NR 0.0587 0.14 0.41 0.1/0.5 Yes/No  
(Restricted Use) 

Mysidopsis bahia Pocket shrimp NR 
(Seawater) 

NR 
(Seawater) 

0.0485 0.141 0.340 0.1/0.5 Yes/No  
(Restricted Use) 

Lumbriculus variegatus Oligochaete worm 30 NR 0.0485 0.15 0.320 0.1/0.5 Yes/No  
(Restricted Use) 

Limnodrillus hoffmeisteri Annelid worm 100 NR 0.034-
0.0485 

0.15 0.23-0.32 0.1/0.5 Yes/No  
(Restricted Use) 

Cancer magister Crab NR 
(Seawater) 

NR 
(Seawater) 

0.0485 0.17 0.282 0.1/0.5 Yes/No  
(Restricted Use) 

Metridia pacifica Copepod NR 
(Seawater) 

NR 
(Seawater) 

0.0587 0.176 0.330 0.1/0.5 Yes/No  
(Restricted Use) 

Mysidopsis bigolowi Pocket shrimp NR 
(Seawater) 

NR 
(Seawater) 

0.0485 0.181 0.265 0.1/0.5 Yes/No  
(Restricted Use) 

Gammarus fasciatus Lined scud Probably 
high 

NR 0.0345 0.19 0.179 0.1/0.5 Yes/No  
(Restricted Use) 

Mytilus edulis Mussel NR 
(Seawater) 

NR 0.0485 0.2 0.240 0.1/0.5 Yes/No  
(Restricted Use) 

Oronectes rusticus Northern crayfish NR 
(Probably 

Intermediate
) 

NR 0.034-
0.0485 

0.25 0.14-0.19 0.1/0.5 No/No  
(Probably Not ) 

Macrobranchium sp.  Decapod NR NR 0.045-
0.0558 

0.279 0.16-0.20 0.1/0.5 Yes/No  
(Restricted Use) 
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Table 23A: Acute Assessment for Copper Products (continued) 

Scientific name Common Name Hardness 
ppm Cu 

C03 

Alkalinity
ppm Cu 

C03 

EEC1 
(ppm Cu) 

LC502 

(ppm Cu)
Risk 

Quotient3 
LOC4 RQ Exceeds LOC 

Inorganic copper salts Including Copper Sulfate at Rate 0.062 ppm Cu with a Half-Life of 5.5 days in Soft Water and a Half-Life of 2.0 days in Hard 
Water on Aquatic Invertebrates 

Chironomus tentans Bloodworm 17-84 NR 0.0587 0.298 0.195 0.1/0.5 Yes/No  
(Restricted Use) 

Ephemerella subvarium Mayfly NR NR 0.034-
0.0485 

0.32 0.11-0.15 0.1/0.5 No/No  
(Probably Not ) 

Lymnaea emarginata Pond snail NR 
(Probably 
extremely 

high) 

NR 0.0345 0.3 0.113 0.1/0.5 No/No  
(Probably Not ) 

Nicrotis sp. Snail NR NR 0.034-
0.0485 

0.3 0.11-0.16 0.1/0.5 No/No  
(Probably Not ) 

Nereis diversicolor Polychaete worm NR 
(Seawater) 

NR 
(Seawater) 

0.0485 0.31 0.155 0.1/0.5 No/No  
(Probably Not ) 

Gammarus lacustris Bright scud NR 
(Probably 

high) 

NR 
(Probably 

high) 

0.0345 0.37 0.092 0.1/0.5 No/No 

Pectinetella magnifica Bryozoan 190-220 NR 0.034-
0.0485 

0.51 0.067-0.094 0.1/0.5 No/No 

Eurytemora affinis Copepod NR 
(Seawater) 

NR 
(Seawater) 

0.0485 0.526 0.091 0.1/0.5 No/No 

Crassostrea gigas Pacific oyster NR 
(Seawater) 

NR 
(Seawater) 

0.0485 0.56 0.086 0.1/0.5 No/No 

Goniobasis livescens Snail 154 NR 0.034-
0.0485 

0.58 0.059-0.094 0.1/0.5 No/No 

Orconectes limosus  Northern crayfish NR NR 0.034-
0.0485 

0.6 0.059-0.094 0.1/0.5 No/No 

Asellus meridianus Aquatic isopod NR 
(Probably 

high) 

NR 0.0345 0.65 0.052 0.1/0.5 No/No 

Procambarus clarkii Red swamp crayfish 17 NR 0.0485 0.72 0.067 0.1/0.5 No/No 

Supplemental Environmental Impact Statement Assessments of Aquatic Herbicides: 
DRAFT Volume 6 – Copper, Section 4 – ENVIRONMENTAL EFFECTS 

Vol. 6, Sect. 4 – Page 373 
 



 
 

Table 23A: Acute Assessment for Copper Products (continued) 

Scientific name Common Name Hardness 
ppm Cu 

C03 

Alkalinity
ppm Cu 

C03 

EEC1 
(ppm Cu) 

LC502 

(ppm Cu)
Risk 

Quotient3 
LOC4 RQ Exceeds LOC 

Inorganic copper salts Including Copper Sulfate at Rate 0.062 ppm Cu with a Half-Life of 5.5 days in Soft Water and a Half-Life of 2.0 days in Hard 
Water on Aquatic Invertebrates 

Amicola sp. Mollusc (snail) NR 
(Probably 

high) 

NR 
(Probably 

high) 

0.0345 0.9 0.038 0.1/0.5 No/No 

Philodina acuticornis Rotifer NR NR 0.034-
0.0485 

1 0.034-0.048 0.1/0.5 No/No 

Procambarus clarkii Red swamp crayfish NR 
(Probably 

high) 

NR 0.0345 1.2 0.028 0.1/0.5 No/No 

Eurythoe complanata Polychaete worm NR 
(Seawater) 

NR 
(Seawater) 

0.0458 1.3 0.035 0.1/0.5 No/No 

Aelosoma headleyi Annelid NR 
(Probably 

high) 

NR 
(Probably 

high) 

0.0345 1.65 0.021 0.1/0.5 No/No 

Chironomus tentans Bloodworm 17-84 NR 0.0587 1.7 0.034 0.1/0.5 No/No 

Cyclops ambysorum Copepod NR 
(laboratory 

water) 

NR 0.0558 2.5 0.019 0.1/0.5 No/No 

Cobicula manilensis Manila clam NR NR 0.0485 >2.6 <0.018 0.1/0.5 No/No 
Oronectes rusticus Northern crayfish 100-125 NR 0.034-

0.0485 
3 0.011-0.016 0.1/0.5 No/No 

NR Caddisfly 50 NR 0.0485 6.2 0.008 0.1/0.5 No/No 
Rangia cuneata Bivalve NR 

(Seawater) 
NR 

(Seawater) 
0.0485 7.7 0.006 0.1/0.5 No/No 

Acroneuria lycorias Stonefly 40 NR 0.0485 8.3 0.006 0.1/0.5 No/No 
Procambarus clarkii  Red swamp crayfish NR 

(Probably 
high) 

NR 0.0345 9 0.004 0.1/0.5 No/No 
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Table 23A: Acute Assessment for Copper Products (continued) 
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Scientific name Common Name Hardness 
ppm Cu 

C03 

Alkalinity
ppm Cu 

C03 

EEC1 
(ppm Cu) 

LC502 

(ppm Cu)
Risk 

Quotient3 
LOC4 RQ Exceeds LOC 

Inorganic copper salts Including Copper Sulfate at Rate 0.062 ppm Cu with a Half-Life of 5.5 days in Soft Water and a Half-Life of 2.0 days in Hard 
Water on Aquatic Invertebrates 

Amicola sp. Mollusc (snail) NR 
(Probably 

high) 

NR 
(Probably 

high) 

0.0345 9.3 0.004 0.1/0.5 No/No 

Cyclops sp. Copepod NR 
(Natural 

pondwater)

NR 0.0345 36 0.001 0.1/0.5 No/No 

Cutrine® at Rate of 1.0 ppm Cu with a Half-Life of 6.0 days 
Alonella sp. Water flea 15 NR 0.898 9.9 0.090 0.1/0.5 No/No 
Alonella sp. Water flea 280 NR 0.898 18.5 0.048 0.1/0.5 No/No 
Cypria sp. Ostracod 15 NR 0.898 10.2 0.087 0.1/0.5 No/No 
Cypria sp. Ostracod 280 NR 0.898 15.3 0.058 0.1/0.5 No/No 

Eucylcops sp. Copepod 15 NR 0.898 11.4 0.078 0.1/0.5 No/No 
Scientific name Common Name Hardness Alkalinity EEC1 

(ppm Cu) 
LC502 

(ppm Cu)
Risk 

Quotient3 
LOC4 RQ Exceeds LOC 

Cutrine® at Rate of 1.0 ppm Cu with a Half-Life of 6.0 days 
Eucylcops sp. Copepod 280 NR 0.898 16.4 0.054 0.1/0.5 No/No 
Diapotomus Calanoid 15 NR 0.898 12.6 0.071 0.1/0.5 No/No 
Diapotomus Calanoid 280 NR 0.898 12.6 0.071 0.1/0.5 No/No 

Palemonetes pugio Grass shrimp NR 
(Seawater) 

NR 0.85 4.8 0.167 0.1/0.5 No/No 

Penaeus stylirostris Blue shrimp NR 
(Seawater) 

NR 0.85 19 0.042 0.1/0.5 No/No 

Uca pugilator Fiddler crab NR 
(Seawater) 

NR 0.85 156 0.005 0.1/0.5 No/No 

 
1 
2 
3 

EEC = Time-weighted average environmental concentration 
LC50 = Dosage in ppm that kills 50% of the test organisms 
Risk Quotient = R  = EEC/LC50 
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Table 23A: Acute Assessment for Copper Products (continued) 

4 

5 
6 
7 
8 

LOC = level of concern. <0.1 = low level of concern. 0.1 to <0.5 =intermediate level of concern that can be mitigated by restricted use. >0.5 = High level of 
concern that cannot be mitigated by restricted use.  <0.05 = Low level of concern for endangered species. 
4-day time weighted average EEC and 4 day LC50 
NR = Not Reported 
1-day time-weighted average EEC and 1-day LC50 
2-day time-weighted average EEC and 2-day LC50 

 
 
 
 
 
 
 
 



 

Table 23B: Chronic Risk Assessment Copper Products on Fish and Aquatic Invertebrates 
 

Scientific name Common Name Hardness  
(ppm) 

Alkalinity 
(ppm) 

Exposure 
Time 
(days) 

Time 
Weighed 

EEC1 

(ppm) 

LC502 MATC or 
NOEC3 

Risk 
Quotient4 

LOC5 RQ Exceeds Level 
of Concern 

Inorganic Copper Salts Including Copper Sulfate at Rate of 0.062 ppm Cu with a Half-Life of 5.5 days in Soft Water 
 and a Half-Life of 2.0 days in Hard Water on Fish 

Pimephales promelas  Fathead minnow 6 to 10 20 to 25 10 0.035 0.0128 0.012M 2.9000 1.0 Yes  
(Adverse Impact) 

Oncorhynchus clarkii Cutthroat trout NR 
(Low) 

NR 
(Low) 

28 0.017 0.016 0.0019 8.9250 1.0 Yes  
(Adverse Impact) 

Oncorhynchus mykiss  Steelhead trout 24 22 28 0.017 ~0.018 0.0021 8.0952 1.0 Yes  
(Adverse Impact) 

Ptychocheilus oregonensis Northern squawfish NR 
(Probably 

low) 

NR6 28 0.017 0.018 0.0021 7.9333 1.0 Yes  
(Adverse Impact) 

Salmo trutta Brown trout NR NR 266 0.00067-
0.0018 

NR 0.0021 0.32-0.86 1.0 No 

Oncorhynchus tshawytscha  Chinook salmon 24 22 28 0.017 0.019 0.0023 7.3913 1.0 Yes  
(Adverse Impact) 

Morone saxatilis Striped bass NR NR 28 0.017 0.025 0.0030 5.7120 1.0 Yes  
(Adverse Impact) 

Notropis atherinoides  Emerald shiner 132 NR 28 0.0064-
0.017 

0.025 0.0030 2.2-5.9 1.0 Yes  
(Adverse Impact) 

Salmo salar Atlantic salmon NR 
(Probably 

low) 

NR 
(Probably 

low) 

28 0.017 0.025 0.0310 0.5484 1.0 No 

Paralichhtys dentatus  Summer flounder NR 
(Seawater) 

NR 
(Seawater) 

28 0.017 0.028 0.0033 5.1000 1.0 Yes  
(Adverse Impact) 

Oncorhynchus tshawytscha Chinook salmon 0-50 NR 
(Probably 

low) 

90 0.0055 0.042 <0.0074M >0.74 1.0 Not determinable 
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Table 23B: Chronic Risk Assessment Copper Products on Fish and Aquatic Invertebrates (continued) 

Scientific name Common Name Hardness  
(ppm) 

Alkalinity 
(ppm) 

Exposure 
Time 
(days) 

Time 
Weighed 

EEC1 

(ppm) 

LC502 MATC or 
NOEC3 

Risk 
Quotient4 

LOC5 RQ Exceeds Level 
of Concern 

Inorganic Copper Salts Including Copper Sulfate at Rate of 0.062 ppm Cu with a Half-Life of 5.5 days in Soft Water 
 and a Half-Life of 2.0 days in Hard Water on Fish 

Oncorhynchus mykiss Steelhead trout 272 NR 28 0.0064 0.029 0.0035 1.8538 1.0 Yes  
Adverse Impact 

Oncorhynchus mykiss Rainbow trout 272 NR 90 0.002 0.034 <0.001M >2.0 1.0 Yes  
(Adverse Impact) 

Lebistes reticulatus Guppy NR 
(Probably 

high) 

NR 
(Probably 
alkaline) 

28 0.0064 0.036 0.0043 1.4933 1.0 Yes  
(Adverse Impact) 

Oncorhynchus kisutch Coho salmon 100-50 NR 28 0.017 0.045 0.0054 3.1733  Yes  
(Adverse Impact) 

Paralichhthys dentatus Summer flounder NR 
(Seawater) 

NR 
(Seawater) 

28 0.017 0.0467 0.0056 3.0578 1.0 Yes  
(Adverse Impact) 

Ictalurus punctatus Channel catfish 16 16 60 0.0082 0.054 0.016M 0.5100 1.0 No 

Oncorhynchus kisutch Coho salmon ~90 ~70 165 0.0011-
0.0029 

0.06 0.0035M 0.31-0.83 1.0 No 

Oncorhynchus tshawytscha Chinook Salmon NR 
(Probably 

soft) 

NR 26 0.018 NR 0.015M 1.2000 1.0 No 
(Probably Not) 

Catostomus sp. Sucker  NR NR 28 0.0064-
0.017 

NR 0.015M 0.43-1.13 1.0 No  
(Probably Not) 

Pimephales promelas Fathead minnow NR 
(Low) 

NR 
(Probably 

low) 

>90 0.0055 0.075 0.019M 0.2900 1.0 No 

Tricogaster trichopterus Blue gourami NR 
(Deionized )

NR 
(Deionized )

28 0.017 0.075 0.0064M 2.6600 1.0 Yes  
(Adverse Impact) 

Salvelinus fontinalis Eastern brook trout 45 42 90 0.0054 0.1 0.013M 0.4200 1.0 No 

Supplemental Environmental Impact Statement Assessments of Aquatic Herbicides: 
DRAFT Volume 6 – Copper, Section 4 – ENVIRONMENTAL EFFECTS 

Vol. 6, Sect. 4 – Page 378 
 



 
 

Table 23B: Chronic Risk Assessment Copper Products on Fish and Aquatic Invertebrates (continued) 

Scientific name Common Name Hardness  
(ppm) 

Alkalinity 
(ppm) 

Exposure 
Time 
(days) 

Time 
Weighed 

EEC1 

(ppm) 

LC502 MATC or 
NOEC3 

Risk 
Quotient4 

LOC5 RQ Exceeds Level 
of Concern 

Inorganic Copper Salts Including Copper Sulfate at Rate of 0.062 ppm Cu with a Half-Life of 5.5 days in Soft Water  
and a Half-Life of 2.0 days in Hard Water on Fish 

Salvelinus fontinalis Eastern brook trout 0.44 Probably 
Low 

>90 0.0054 0.1 <0.0045L >1.20 1.0 Not Determinable  
 

Salvelinus fontinalis Eastern brook trout 45 42 79 0.0054 0.1 0.0061N 0.89 1.0 No 
(Probably Not) 

Lebistes reticulatus Guppy 87 NR 28 0.017 0.1 0.0119 1.4280 1.0 No  
(Probably Not) 

Lepomis machcrochirus Bluegill sunfish NR NR 90 0.0020-
0.0055 

NR 0.015M 0.13-0.37 1.0 No  
 

Ictalurus punctatus Channel catfish NR NR 60 0.0030-
0.0082 

NR 0.016 M 0.19-0.51 1.0 No  
 

Menidia peninsulae Tidewater silverside NR NR 28 0.017 0.14 0.0167 1.0200 1.0 No  
(Probably Not) 

Pseudopleuronectes 
americanus 

Winter flounder NR 
(Seawater) 

NR 
(Seawater) 

28 0.017 0.142 0.0169 1.0056 1.0 No  
(Probably Not) 

Acrocheilus gluteaceus Chiselmouth 51-100 NR 28 0.017 0.143 0.0170 0.9986 1.0 No 
Gambusia affinis  Mosquito fish 0-50 NR 28 0.017 0.147 0.0175 0.9714 1.0 No 

Oncorhynchus tshawytscha Chinook salmon NR 
(Probably 

low) 

NR 28 0.017 0.178 0.0212 0.8022 1.0 No 

Castonomus commesoni Sucker NR NR 28 0.0064-
0.017 

NR 0.021M 0.30-0.81 1.0 No 

Ictalurus nebulosus  Brown bullhead 200 NR 28 0.0064-
0.017 

0.18 0.0214 0.30-0.81 1.0 No 

Brachdanio rario Zebrafish >200 NR 28 0.0064-
0.017 

0.21 0.0250 0.27-0.71 1.0 No 

Brachdanio rario Zebrafish NR NR 28 0.0064-
0.017 

 0.051M 0.13-0.33 1.0 No 
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Table 23B: Chronic Risk Assessment Copper Products on Fish and Aquatic Invertebrates (continued) 

Scientific name Common Name Hardness  
(ppm) 

Alkalinity 
(ppm) 

Exposure 
Time 
(days) 

Time 
Weighed 

EEC1 

(ppm) 

LC502 MATC or 
NOEC3 

Risk 
Quotient4 

LOC5 RQ Exceeds Level 
of Concern 

Inorganic Copper Salts Including Copper Sulfate at Rate of 0.062 ppm Cu with a Half-Life of 5.5 days in Soft Water  
and a Half-Life of 2.0 days in Hard Water on Fish 

Lepomis macrochirus Bluegill sunfish 272 NR 28 0.0064-
0.017 

0.221 0.0263 0.029-0.65 1.0 No 

Pimephales notatus Bluntnose minnow 200 NR 28 0.0064-
0.017 

0.26 0.0310 0.21-0.55 1.0 No 

Salvilnus namycush  Lake trout NR NR 90 0.0020-
0.0055 

NR 0.031M 0.065-0.18 1.0 No 

Notemigonus crysoleucas Golden shiner NR 
(Probably 

low) 

NR 
(Probably 

low) 

28 0.017 0.27 0.0321 0.5289 1.0 No 

Cyprinodon variegatus Sheepshead minnow NR 
(Seawater) 

NR 
(Seawater) 

28 0.017 0.28 0.0333 0.5100 1.0 No 

Ethestoma caeruleum Rainbow darter 200 NR 28 0.0064-
0.017 

0.32 0.0381 0.17-0.45 1.0 No 

Rhinichthys atratulus Blacknose dace NR 
(High) 

NR 28 0.0064 0.32 0.0381 0.1680 1.0 No 

Carrasius auratus Goldfish 272 NR 28 0.0064-
0.017 

0.345 0.0411 0.16-0.43 1.0 No 

Oncorhynchus clarkii Cutthroat trout NR 
(High) 

NR 
(High) 

28 0.0064 0.367 0.0437 0.1465 1.0 No 

Tachinotus carolinus Florida pompano NR 
(Seawater) 

NR 
(Seawater) 

28 0.017 0.417 0.0496 0.3424 1.0 No 

Brachdanio rario Zebrafish NR NR 28 0.0064-
0.017 

NR 0.051M 0.13-0.33 1.0 No 

Danio malabaricus Giant danio 190 NR 28 0.0064-
0.017 

0.5 0.0595 0.11-0.28 1.0 No 

Esox lucius Northern pike NR NR 30 0.0060-
0.016 

NR 0.060M 0.10-0.27 1.0 No 
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Table 23B: Chronic Risk Assessment Copper Products on Fish and Aquatic Invertebrates (continued) 

Scientific name Common Name Hardness  
(ppm) 

Alkalinity 
(ppm) 

Exposure 
Time 
(days) 

Time 
Weighed 

EEC1 

(ppm) 

LC502 MATC or 
NOEC3 

Risk 
Quotient4 

LOC5 RQ Exceeds Level 
of Concern 

Inorganic Copper Salts Including Copper Sulfate at Rate of 0.062 ppm Cu with a Half-Life of 5.5 days in Soft Water  
and a Half-Life of 2.0 days in Hard Water on Fish 

Perciformes sp. Mixed perch species NR 
(Low) 

NR 28 0.017 0.66 0.0786 0.2164 1.0 No 

Ictalurus punctatus Channel catfish 83 76 28 0.017 0.7 0.0833 0.2040  No 
Pimephales notatus Bluntnose minnow NR NR 90 0.0020-

0.0055 
NR 0.0088M 0.25-0.63 1.0 No 

Cyprinus carpio Common carp NR 
(High) 

NR 266 0.00067 0.81 0.21M 0.0032 1.0 No 

Gambusia affinis Mosquito fish 210 NR 28 0.0064-
0.017 

0.81 0.0964 0.068-0.18 1.0 No 

Agosia chrysogaster Longfin dace 218 NR 28 0.0064-
0.017 

0.86 0.1024 0.064-0.17 1.0 No 

Ethestoma spectabie Orangethroat darter 200 NR 28 0.0064-
0.017 

0.86 0.1024 0.064-0.17 1.0 No 

Lepomis cyanocephalus Green sunfish NR 
(Probably 

low) 

NR 
(Probably 

low) 

28 0.017 0.87 0.1036 0.1641 1.0 No 

Ictalurus punctatus Channel catfish 287 240 28 0.0064-
0.017 

0.925 0.1101 0.058-0.15 1.0 No 

Lepomis machrochirus Bluegill sunfish 45 NR 90 0.0055 1.1 0.021N 0.2600 1.0 No 
Jordandella floridae Flagfish NR 

(High) 
NR 28 0.0064 1.27 0.1512 0.0423 1.0 No 

Fundulus diaphinus Banded killifish 53 NR 28 0.017 1.32 0.1571 0.1082 1.0 No 
Gambusia affinis  Mosquito fish 105 NR 28 0.017 1.32 0.1571 0.1082 1.0 No 

Pimephales promelas Fathead minnow NR 
(High) 

NR 28 0.0064 1.45 0.1726 0.0371 1.0 No 

Cirrhina mrigala Hamilton’s carp NR 
(High) 

NR 28 0.0064 1.5 0.1786 0.0358 1.0 No 
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Table 23B: Chronic Risk Assessment Copper Products on Fish and Aquatic Invertebrates (continued) 

Scientific name Common Name Hardness  
(ppm) 

Alkalinity 
(ppm) 

Exposure 
Time 
(days) 

Time 
Weighed 

EEC1 

(ppm) 

LC502 MATC or 
NOEC3 

Risk 
Quotient4 

LOC5 RQ Exceeds Level 
of Concern 

Inorganic Copper Salts Including Copper Sulfate at Rate of 0.062 ppm Cu with a Half-Life of 5.5 days in Soft Water  
and a Half-Life of 2.0 days in Hard Water on Fish 

Lepomis gibbosus Pumpkinseed sunfish NR 
(Probably 

high) 

NR 
(Probably 

high) 

28 0.0064 2.4 0.2857 0.0224 1.0 No 

Perciformes sp. Mixed perch species NR 
(High) 

NR 28 0.0064 2.55 0.3036 0.0211 1.0 No 

Lepomis macrochirus  Bluegill sunfish NR 
(Probably 

Inter.) 

NR 28 0.0064-
0.017 

2.6 0.3095 0.021-0.057 1.0 No 

Anguilla rostratata American eel 40-50 NR 28 0.017 2.87 0.3417 0.0498 1.0 No 
Punctus ticto Checkered barb 190 NR 28 0.0064-

0.017 
3 0.3488 0.018-0.49 1.0 No 

Fundulus heteroclitis Mumichog NR NR 21 0.0085-
0.022 

NR 0.38M 0.0085-0.058 1.0 No 

Tilapia massambica Mozambique tilapia NR 
(Probably 

high) 

NR 
(Probably 

high) 

28 0.0064 6 0.7143 0.0090 1.0 No 

Perca americana White perch NR 
(Probably 

high) 

NR 
(Probably 

high) 

28 0.0064 6.2 0.7381 0.0087 1.0 No 

Komeen® at Application Rate of 0.5 ppm Cu with a Half-Life of 0.18 days  on Fish 
Oncorhynchus mykiss Rainbow trout NR 

(Probably 
low) 

NR 28 0.0046 0.076 0.0090 0.5084 1.0 No 

Oncorhynchus mykiss Rainbow trout NR 
(Probably 

high) 

NR 28 0.0046 4.6 0.5476 0.0084 1.0 No 

Notemigonus crysoleucus Golden shiner 20 18 28 0.0046 5.4 0.6429 0.0072 1.0 No 
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Table 23B: Chronic Risk Assessment Copper Products on Fish and Aquatic Invertebrates (continued) 

Scientific name Common Name Hardness  
(ppm) 

Alkalinity 
(ppm) 

Exposure 
Time 
(days) 

Time 
Weighed 

EEC1 

(ppm) 

LC502 MATC or 
NOEC3 

Risk 
Quotient4 

LOC5 RQ Exceeds Level 
of Concern 

Komeen® at Application Rate of 0.5 ppm Cu with a Half-Life of 0.18 days  on Fish 
Lepomis macrochirus Bluegill sunfish NR 

(Probably 
low) 

NR 
(Probably 

soft) 

28 0.0046 30 3.5714 0.0013 1.0 No 

Notemigonus crysoleucus Golden shiner 279 78 28 0.0046 50.4 6.0000 0.0008 1.0 No 

Morone saxatilis Striped bass NR 
(Probably 

high) 

NR 
(Probably 

high) 

28 0.0046 320 38.0952 0.0001 1.0 No 

Perca americana White perch NR 
(Probably 

high) 

NR 
(Probably 

high) 

28 0.0046 496 59.0476 0.0001 1.0 No 

Micropterus salmoides Largemouth bass NR 
(Probably 

high) 

NR 
(Probably 

high) 

28 0.0046 558 66.4286 0.0001 1.0 No 

K-Tea® at a Rate of 0.5 ppm Cu with a Half-Life of 6.0 days on Fish 
Oncorhynchus mykiss Rainbow trout NR 

(Probably 
low) 

NR 28 0.15 0.029 0.0035 43.4483 1.0 Yes 
(Adverse Impact) 

Lepomis macrochirus Bluegill sunfish NR 
(Probably 

low) 

NR 28 0.15 4.3 0.5119 0.2930 1.0 No 

Cutrine® or Copper Control® at a Rate of 0.5 ppm Cu with a Half-Life of 6.0 days on Fish 
Oncorhynchus mykis Rainbow trout NR 

(Probably 
low) 

NR 28 0.15 0.03 0.0036 42.0000 1.0 Yes 
(Adverse Impact) 

Oncorhynchus mykis Rainbow trout 290 NR 28 0.15 4 0.4762 0.3150 1.0 No 
Morone saxatilis  Striped bass NR 

(Probably low) 
28 0.15 0.01 0.0012 126.0000 1.0 Yes 

(Adverse Impact) 
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Table 23B: Chronic Risk Assessment Copper Products on Fish and Aquatic Invertebrates (continued) 

Common Name Hardness  
(ppm) 

Alkalinity 
(ppm) 

Exposure 
Time 
(days) 

Time 
Weighed 

EEC1 

(ppm) 

LC502 MATC or 
NOEC3 

Risk 
Quotient4 

LOC5 RQ Exceeds Level 
of Concern 

Scientific name 

Cutrine® or Copper Control® at a Rate of 0.5 ppm Cu with a Half-Life of 6.0 days on Fish 
Ictalurus punctatus Channel catfish 16 16 28 0.15 0.051 0.0061 24.7059 1.0 Yes 

(Adverse Impact) 
Morone saxatilis  Striped bass NR 

(Probably low) 
28 0.15 0.1 0.0119 12.6000 1.0 Yes 

(Adverse Impact) 
Cirrhina mrigala Hamilton's carp NR 

(Probably 
high) 

NR 
(Probably 

high) 

28 0.15 >0.85 <0.10 <1.5 1.0 Not determinable 

Labeo rohita  Rohita carp NR 
(Probably 

high) 

NR 
(Probably 

high) 

28 0.15 >0.85 <0.10 <1.5 1.0 Not determinable 

Lepomis cyanocephalus Green sunfish 11 NR 28 0.15 0.94 0.1119 1.3404 1.0 No  
(Probably Not) 

Lepomis macrochirus Bluegill sunfish 48 NR 28 0.15 1.4 0.1667 0.9000 1.0 No  
 

Italurus punctatus  Channel catfish 83 76 28 0.15 1.362 0.1621 0.9251 1.0 No  
 

Lepomis macrochirus Bluegill sunfish 200 NR 28 0.15 7.5 0.8929 0.1680 1.0 No 
Gambusia affinis Mosquito fish 105 NR 28 0.15 2.9 0.3452 0.4345 1.0 No 

Micropterus salmoides Largemouth bass NR 
(Probably 

high) 

NR 
(Probably 

high) 

28 0.15 6.4 0.7619 0.1969 1.0 No 

Lepomis cyanocephalus Green sunfish 320  28 0.15 11.6 1.3810 0.1086 1.0 No 
Inorganic Copper Salts Including Copper Sulfate at an Application Rate of 0.062 ppm Cu and a Half-Life in Soft Water of 5.5 days  

and a Half-Life in Hard-Water of 2.0 Days on Aquatic Invertebrates 
Venerupis deussata Clam NR 

(Seawater) 
NR 28 0.017 NR 0.0007M 24.3000 1.0 Yes  

(Adverse Impact) 
Ceriodaphnia dubia Water flea 6 to 10 9 to 21 14 0.029 0.0027 0.0045M 6.4000 1.0 Yes  

(Adverse Impact) 
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Table 23B: Chronic Risk Assessment Copper Products on Fish and Aquatic Invertebrates (continued) 

Scientific name Common Name Hardness  
(ppm) 

Alkalinity 
(ppm) 

Exposure 
Time 
(days) 

Time 
Weighed 

EEC1 

(ppm) 

LC502 MATC or 
NOEC3 

Risk 
Quotient4 

LOC5 RQ Exceeds Level 
of Concern 

Inorganic Copper Salts Including Copper Sulfate at an Application Rate of 0.062 ppm Cu and a Half-Life in Soft Water of 5.5 days  
and a Half-Life in Hard-Water of 2.0 Days on Aquatic Invertebrates 

Daphnia hyalina Water flea NR 
(Probably 

low) 

NR 
(Probably 

low) 

21 0.022 0.005 0.0021 10.5600 1.0 Yes  
(Adverse Impact) 

Daphnia magna Water flea NR 
(Probably 

low) 

NR 
(Probably 

low) 

21 0.022 0.0065 0.0023M 9.5652 1.0 Yes  
(Adverse Impact) 

Mytilis edulis Mussel NR 
(Seawater) 

NR 
(Seawater) 

28 0.017 0.0058 0.0024 7.0345 1.0 Yes  
(Adverse Impact) 

Daphnia magna  Water flea NR 
(Probably 

low) 

NR 
(Probably 

low) 

21 0.022 0.0065 0.0027 8.1231 1.0 Yes  
(Adverse Impact) 

Crassostrea gigas Pacific oyster NR 
(Seawater) 

NR 
(Seawater) 

28 0.017 0.0078 0.0033 5.2308 1.0 Yes  
(Adverse Impact) 

Oncorhynatus susticus Decapod NR NR 30 0.016  0.0035M 4.6000 1.0 Yes  
(Adverse Impact) 

Daphnia magna  Water flea 6 to 10 9 to 21 28 0.017 0.011 0.0046 3.7091 1.0 Yes  
(Adverse Impact) 

Corbicula manilensis  Manila clam NR NR 70 0.0026-
0.0070 

 <0.01N >0.26->0.70 1.0 Not determinable 

Daphnia magna Water flea 45.3 42.3 21 0.022 0.0098 0.028M 0.7900 1.0 No 

Gammarus pseudolimnaeus False snail scud 45 43 63 0.0078 0.02 0.0036M 2.2000 1.0 Yes  
(Adverse Impact) 

Gammarus pulex Flea scud NR 
(Low) 

NR 28 0.017 0.021 0.0088 1.9429 1.0 Yes  
(Adverse Impact) 

Daphnia pulex Water flea 45 NR 28 0.017 0.023 0.0096 1.7739 1.0 Yes  
(Adverse Impact) 

Cobicula manilensis Manila clam NR NR 28 0.0064-
0.017 

0.025 0.0104 0.58-1.55 1.0 No  
(Probably Not) 
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Table 23B: Chronic Risk Assessment Copper Products on Fish and Aquatic Invertebrates (continued) 

Scientific name Common Name Hardness  
(ppm) 

Alkalinity 
(ppm) 

Exposure 
Time 
(days) 

Time 
Weighed 

EEC1 

(ppm) 

LC502 MATC or 
NOEC3 

Risk 
Quotient4 

LOC5 RQ Exceeds Level 
of Concern 

Inorganic Copper Salts Including Copper Sulfate at an Application Rate of 0.062 ppm Cu and a Half-Life in Soft Water of 5.5 days  
and a Half-Life in Hard-Water of 2.0 Days on Aquatic Invertebrates 

Bosmina longirostris Rotifer NR NR 28 0.0064-
0.017 

NR 0.012M 0.53-1.42 1.0 No  
(Probably Not) 

Daphnia pulex Water flea NR NR 21 0.0085-
0.022 

NR 0.012M 0.71-1.83 1.0 No  
(Probably Not) 

Streptocephalus 
proboscideus 

 Branchiopod 8 to 10 ~14 28 0.017 0.039 0.0163 1.0462 1.0 No  
(Probably Not) 

Acartia tonsa Copepod NR 
(Seawater) 

NR 
(Seawater) 

28 0.017 0.031 0.0129 1.3161 1.0 No  
(Probably Not) 

Lymnaea acuminata Pond snail NR 
(Probably 

low) 

NR 
(Seawater) 

28 0.017 0.034 0.0142 1.2000 1.0 No  
(Probably Not) 

Phialidium sp. Hydromedusae NR 
(Seawater) 

NR 28 0.017 0.036 0.0150 1.1333 1.0 No  
(Probably Not) 

Mya arenaria Bivalve NR 
(Seawater) 

NR 28 0.017 0.039 0.0163 1.0462 1.0 No  
(Probably Not) 

Physa integra Pond snail 45 NR 42 0.012 0.039 0.011N 1.2000 1.0 No  
(Probably Not) 

Biomphalaria globrata Mollusc (snail) 200 NR 28 0.0064-
0.017 

0.04 0.0167 0.38-1.0 1.0 No  
(Probably Not) 

Corbicula fluminea Clam 64 NR 28 0.017 0.04 0.025M 0.6800 1.0 No 
Crassostrea virginica Eastern oyster NR 

(Seawater) 
NR 

(Seawater) 
28 0.017 0.043 0.0179 0.9488 1.0 No 

Homarus americanus American lobster NR 
(Seawater) 

NR 28 0.017 0.048 0.0200 0.8500 1.0 No 

NR Midges NR NR 259 0.00069-
0.0019 

NR 0.021M 0.033-0.090 1.0 No 

Cloen dipterum Mayfly NR 
(Probably 

low) 

NR 
(Probably 

low) 

28 0.017 0.053 0.0221 0.7698 1.0 No 
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Table 23B: Chronic Risk Assessment Copper Products on Fish and Aquatic Invertebrates (continued) 

Scientific name Common Name Hardness  
(ppm) 

Alkalinity 
(ppm) 

Exposure 
Time 
(days) 

Time 
Weighed 

EEC1 

(ppm) 

LC502 MATC or 
NOEC3 

Risk 
Quotient4 

LOC5 RQ Exceeds Level 
of Concern 

Inorganic Copper Salts Including Copper Sulfate at an Application Rate of 0.062 ppm Cu and a Half-Life in Soft water of 5.5 days  
and a Half-Life in Hard-Water of 2.0 Days on Aquatic Invertebrates 

Protmopyrgus jenkinsi Mollusc (snail) High NR 28 0.0064 0.054 0.0225 0.2844 1.0 No 
Chironomus tetans Bloodworm 8-120 34-56 10 0.035 0.057 0.0229N 1.5200 1.0 Yes 

(Adverse Impact) 
Haliotis sp. Bivalve NR 

(Seawater) 
NR 

(Seawater) 
28 0.017 0.057 0.0238 0.7158 1.0 No 

Daphnia magna Water flea 45 42.3 21 0.022 0.06 0.0250 0.8800 1.0 No 
Daphnia ambigua Water flea NR NR 21 0.0085-

0.022 
NR 0.019M 0.28-1.2 1.0 No 

(Probably Not) 
Hyalella azteca Amphipod 6 to 10 9 to 21 28 0.017 0.066 0.0275 0.6182 1.0 No 

(Probably Not) 
Acanthocyclops vernalis & 

Diacyclops thomasi 
Copepod NR NR 7 0.023-0.041 NR 0.030M 0.77-1.37 1.0 No 

(Probably Not) 
Physa heterotropha Pond snail 100 NR 28 0.0064-

0.017 
0.069 0.0288 0.22-0.60 1.0 No 

(Probably Not) 
Tisbe holothuriae Copepod NR 

(Seawater) 
NR 

(Seawater) 
28 0.017 0.08 0.0333 0.5100 1.0 No 

(Probably Not) 
Daphnia ambigua Water flea NR NR 21 0.0085-

0.022 
0.081 >0.004M <2.13-<5.5 1.0 Not Determinable 

Daphnia pulex Water flea NR NR 21 0.0085-
0.022 

NR 0.035M 0.24-0.63 1.0 No 

Daphnia parvula Water flea NR NR 21 0.0085-
0.022 

 0.035M 0.24-0.63 1.0 No 

Euphausia pacifica Euphausid shrimp NR 
(Seawater) 

NR 
(Seawater) 

28 0.017 0.082 0.0342 0.4976 1.0 No 

NR Mixed Annelid Species NR 
(Seawater) 

NR 
(Seawater) 

28 0.017 0.089 0.0371 0.4584 1.0 No 

Nais sp. Annelid worm 50 NR 28 0.017 0.09 0.0375 0.4533 1.0 No 
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Table 23B: Chronic Risk Assessment Copper Products on Fish and Aquatic Invertebrates (continued) 

Scientific name Common Name Hardness  
(ppm) 

Alkalinity 
(ppm) 

Exposure 
Time 
(days) 

Time 
Weighed 

EEC1 

(ppm) 

LC502 MATC or 
NOEC3 

Risk 
Quotient4 

LOC5 RQ Exceeds Level 
of Concern 

Inorganic Copper Salts Including Copper Sulfate at an Application Rate of 0.062 ppm Cu and a Half-Life in Soft Water of 5.5 days  
and a Half-Life in Hard-Water of 2.0 Days on Aquatic Invertebrates 

Brachonius plicatilis Rotifer NR 
(Seawater) 

NR 
(Seawater) 

28 0.017 0.1 0.0417 0.4080 1.0 No 

Homarus americanus American lobster NR 
(Seawater) 

NR 
(Seawater) 

28 0.017 0.1 0.0417 0.4080 1.0 No 

Gyralus cricumstriatus Snail 100 NR 28 0.0064-
0.017 

0.108 0.0450 0.14-0.38 1.0 No 

Keratella sp. Rotifer  NR NR 28 0.017 0.101 0.0421 0.4040 1.0 No 
Gammarus pulex Flea scud High NR 28 0.0064 0.11 0.0458 0.1396 1.0 No 
Haliotis rufescens Bivalve NR 

(Seawater) 
NR 

(Seawater) 
28 0.017 0.114 0.0475 0.3579 1.0 No 

Potamopyrgus jenkinsi Mollusc (snail) High NR 28 0.0064 0.112 0.0467 0.1371 1.0 No 
Pyllodoce maculata Polychaete worm NR 

(Seawater) 
NR 

(Seawater) 
28 0.017 0.12 0.0500 0.3400 1.0 No 

Streptocephalus 
proboscideus 

Branchiopod 250-237 225-245 28 0.0064 0.13 0.0542 0.1182 1.0 No 

Labidocera scotti Copepod NR 
(Seawater) 

NR 
(Seawater) 

28 0.017 0.132 0.0550 0.3091 1.0 No 

Lophopodella carteri Bryozoan 190-220 NR 
 

28 0.0064-
0.017 

0.14 0.0583 0.10-0.28 1.0 No 

Plumatella emarginata Bryozoan 190-120 NR 28 0.0064-
0.017 

0.14 0.0583 0.10-0.28 1.0 No 

Sagita hispida Arrow worm NR 
(Seawater) 

NR 
(Seawater) 

28 0.017 0.14 0.0583 0.2914 1.0 No 

Mysidopsis bahia Pocket shrimp NR 
(Seawater) 

NR 
(Seawater) 

28 0.017 0.141 0.0588 0.2894 1.0 No 

Metapeneus enis Decapod NR 
(Seawater) 

NR 
(Seawater) 

28 0.017  0.063M 0.2700 1.0 No 

Lumbriculus variegatus Oligochaete worm 30 NR 28 0.017 0.15 0.0625 0.2894 1.0 No 
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Table 23B: Chronic Risk Assessment Copper Products on Fish and Aquatic Invertebrates (continued) 

Scientific name Common Name Hardness  
(ppm) 

Alkalinity 
(ppm) 

Exposure 
Time 
(days) 

Time 
Weighed 

EEC1 

(ppm) 

LC502 MATC or 
NOEC3 

Risk 
Quotient4 

LOC5 RQ Exceeds Level 
of Concern 

Inorganic Copper Salts Including Copper Sulfate at an Application Rate of 0.062 ppm Cu and a Half-Life in Soft Water of 5.5 days  
and a Half-Life in Hard-Water of 2.0 Days on Aquatic Invertebrates 

Limnodrillus hoffmeisteri Annelid worm 100 NR 28 0.0064-
0.017 

0.15 0.0625 0.098-0.26 1.0 No 

Cancer magister Crab NR 
(Seawater) 

NR 
(Seawater) 

28 0.017 0.17 0.0708 0.2400 1.0 No 

Metridia pacifica Copepod NR 
(Seawater) 

NR 
(Seawater) 

28 0.017 0.176 0.0733 0.2318 1.0 No 

Mysidopsis bahia Pocket shrimp NR 
(Seawater) 

NR 
(Seawater) 

28 0.017 0.181 0.0754 0.2254 1.0 No 

Gammarus fasciatus Lined scud NR 
(Probably 

high) 

NR 28 0.0064 0.19 0.0792 0.0808 1.0 No 

Mytilus edulis Mussel NR 
(Seawater) 

NR 
(Seawater) 

28 0.017 0.2 0.0833 0.2040 1.0 No 

Oronconectes rusticus Northern crayfish NR 
(Probably 

intermediate)

NR 17 0.010-0.026 0.25 0.1042 0.096-0.25 1.0 No 

Macrobranchium sp.  Decapod NR NR 28 0.0064-
0.017 

0.279 0.049M 0.023-0.061 1.0 No 

Chironomus tentans Bloodworm NR 
(Probably 

low) 

NR 28 0.017 0.298 0.1242 0.1369 1.0 No 

Ephemerella Subvairum Mayfly NR NR 28 0.0064-
0.017 

0.32 0.1333 0.046-0.12 1.0 No 
 

Lymnaea emarginata Pond snail NR 
(Probably 
extremely 

high) 

NR 28 0.0064 0.3 0.1250 0.0512 1.0 No 

Nicrotis sp. Snail NR NR 28 0.0064-
0.017 

0.3 0.1250 0.049-0.13 1.0 No 
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Table 23B: Chronic Risk Assessment Copper Products on Fish and Aquatic Invertebrates (continued) 

Scientific name Common Name Hardness  
(ppm) 

Alkalinity 
(ppm) 

Exposure 
Time 
(days) 

Time 
Weighed 

EEC1 

(ppm) 

LC502 MATC or 
NOEC3 

Risk 
Quotient4 

LOC5 RQ Exceeds Level 
of Concern 

Inorganic Copper Salts Including Copper Sulfate at an Application Rate of 0.062 ppm Cu and a Half-Life in Soft Water of 5.5 days  
and a Half-Life in Hard-Water of 2.0 Days on Aquatic Invertebrates 

Nereis diversicolor Polychaete worm NR 
(Seawater) 

NR 
(Seawater) 

28 0.017 0.31 0.1292 0.1316 1.0 No 

Gammarus lacustris Bright scud NR 
(Probably 

high) 

NR 
(Probably 

high) 

28 0.0064 0.37 0.1542 0.0415 1.0 No 

Pectinetella magnifica Bryozoan 190-220 NR 28 0.0064-
0.017 

0.51 0.2125 0.029-0.077 1.0 No 

Eurytomora affinis Copepod NR 
(Seawater) 

NR 
(Seawater) 

28 0.017 0.526 0.2192 0.0776 1.0 No 

Crassostrea gigas Pacific oyster NR 
(Seawater) 

NR 
(Seawater) 

28 0.017 0.56 0.2333 0.0729 1.0 No 

Goniobasis livescens Snail 154 NR 28 0.0064-
0.017 

0.58 0.2417 0.26-0.068 1.0 No 

Orconectes limosus  Northern crayfish NR NR 28 0.0064-
0.017 

0.6 0.2500 0.025-0.065 1.0 No 

Asellus meridianus Aquatic isopod NR 
(Probably 

high) 

NR 
(Probably 

high) 

28 0.0064 0.65 0.2708 0.0236 1.0 No 

Procambarus clarkii Red swamp crayfish 17 NR 28 0.017 0.72 0.3000 0.0567 1.0 No 

Amicola sp.  Mollusc (snail) NR 
(Probably 

high) 

NR 
(Probably 

high) 

28 0.0064 0.9 0.3750 0.0171 1.0 No 

Phioldina acuticornis Rotifer NR NR 28 0.0064-
0.017 

1 0.4167 0.014-0.040 1.0 No 

Procambarus clarkii Red swamp crayfish NR 
(Probably 

high) 

NR 28 0.0064 1.2 0.5000 0.0128 1.0 No 
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Table 23B: Chronic Risk Assessment Copper Products on Fish and Aquatic Invertebrates (continued) 

Scientific name Common Name Hardness  
(ppm) 

Alkalinity 
(ppm) 

Exposure 
Time 
(days) 

Time 
Weighed 

EEC1 

(ppm) 

LC502 MATC or 
NOEC3 

Risk 
Quotient4 

LOC5 RQ Exceeds Level 
of Concern 

Inorganic Copper Salts Including Copper Sulfate at an Application Rate of 0.062 ppm Cu and a Half-Life in Soft Water of 5.5 days  
and a Half-Life in Hard-Water of 2.0 Days on Aquatic Invertebrates 

Eurythoe complanata Polychaete worm NR 
(Seawater) 

NR 
(Seawater) 

28 0.017 1.3 0.5417 0.0314 1.0 No 

Aelosoma headleyi Annelid NR 
(Probably 

high) 

NR 
(Probably 

high) 

28 0.0064 1.65 0.6875 0.0093 1.0 No 

Chironomus tentans Bloodworm 17-84 NR 28 0.017 1.7 0.7083 0.0240 1.0 No 

Campeloma decisum Operculate snail 45 NR 
(Probably 

low) 

42 0.012 1.7 0.011M 1.0900 1.0 No 
(Probably Not) 

Cyclops ambysorum Copepod NR 
(Laboratory 

water) 

NR 28 0.017 2.5 1.0417 0.0163 1.0 No 

Cobicula manilensis Manila clam NR NR 28 0.0064-
0.017 

>2.6 >1.108 <0.0057-
<0.015 

1.0 No 

Oronectes rusticus Northern crayfish 100-125 NR 17 0.010-0.026 3 0.088M 0.11-0.30 1.0 No 

NR Caddisfly 50 NR 28 0.017 6.2 2.5833 0.0066 1.0 No 
Rangia cuneata Bivalve NR 

(Seawater) 
NR 

(Seawater) 
28 0.017 7.7 3.2083 0.0053 1.0 No 

Acroneuria lycorias Stonefly 40 NR 28 0.017 8.3 3.4583 0.0049 1.0 No 
Procambarus clarkii Red swamp crayfish NR 

(Probably 
high) 

NR 28 0.0064 9 3.7500 0.0017 1.0 No 

Amicola sp. Mollusc (snail) NR 
(Probably 

high) 

NR 
(Probably 

high) 

28 0.0064 9.3 3.8750 0.0017 1.0 No 
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Table 23B: Chronic Risk Assessment Copper Products on Fish and Aquatic Invertebrates (continued) 
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Scientific name Common Name Hardness  
(ppm) 

Alkalinity 
(ppm) 

Exposure 
Time 
(days) 

Time 
Weighed 

EEC1 

(ppm) 

LC502 MATC or 
NOEC3 

Risk 
Quotient4 

LOC5 RQ Exceeds Level 
of Concern 

Inorganic Copper Salts Including Copper Sulfate at an Application Rate of 0.062 ppm Cu and a Half-Life in Soft Water of 5.5 days  
and a Half-Life in Hard-Water of 2.0 Days on Aquatic Invertebrates 

Cyclops sp. Copepod NR 
(Natural 

pondwater) 

NR 28 0.0064 36 15.0000 0.0004 1.0 No 

Cutrine® at an Application Rate of 1.0 ppm and a Half-Life of 6.0 Days on Aquatic Invertebrates 
Alonella sp. Waterflea 15 NR 28 0.3 9.9 4.1250 0.0727 1.0 No 
Alonella sp. Waterflea 280 NR 28 0.3 18.5 7.7083 0.0389 1.0 No 
Cypria sp. Ostracod 15 NR 28 0.3 10.2 4.2500 0.0706 1.0 No 
Cypria sp. Ostracod 280 NR 28 0.3 15.3 6.3750 0.0471 1.0 No 

Eucylcops sp. Copepod 15 NR 28 0.3 11.4 4.7500 0.0632 1.0 No 
Eucylcops sp. Copepod 280 NR 28 0.3 16.4 6.8333 0.0439 1.0 No 
Diapotomus Calanoid 15 NR 28 0.3 12.6 5.2500 0.0571 1.0 No 
Diapotomus Calanoid 280 NR 28 0.3 12.6 5.2500 0.0571 1.0 No 

Palemonetes pugio Grass shrimp NR 
(Seawater) 

NR 28 0.3 4.8 2.0000 0.1500 1.0 No 

Penaeus stylirostris Blue shrimp NR 
(Seawater) 

NR 28 0.3 19 7.9167 0.0379 1.0 No 

Uca pugilator Fiddler crab NR 
(Seawater) 

NR 28 0.3 156 65.0000 0.0046 1.0 No 

 
1 EEC = Time-Weighted Average of Expected environmental concentration 
2 Acute LC50 = Concentration of Copper that kills or immobilized 50% of the test animals in 24 to 96 hours 
3 Estimated Chronic MATC or NOEC = (acute LC50/(acute/chronic toxicity ratio). Except in cases where chronic value was measure as M = MATC, N = 

NOEC or L = LOEC when MTAC = Maximum acceptable toxic concentrations. NOEC = No observed effect level and LOEC = Lowest observed effect level. 
4 RQ = Risk Quotient = EEC/MATC, EEC/NOEC or EEC/LOEC 
5 LOC = Level of Concern = Value (EEC/toxicity) which should not be exceeded as an indicator of the safety of a particular pesticide application to the biota 
6 NR = Not Reported 
 



 

 
Table 24: Bobwhite Quail Copper Toxicity Data 

 
Test Type Formulation Used Test Results Toxicity 

Ranking 
Reference/Study Date 

8-day acute 
dietary LC50  

Copper triethanolamine LC50 > 5000 ppm   Practically 
non-toxic 

Brian 
Database,1999/19751 

8-day acute 
dietary LC50  

Copper sulfate, 
pentahydrate 

LC50 > 10000 ppm Practically 
non-toxic 

Brian 
Database,1999/19771 

14 day acute 
oral 

Copper sulfate, basic LD50 430 mg/kg2 Moderately 
toxic 

Brian Database, 
1999/19771 

14 day acute 
oral 

Copper sulfate, basic LD50 135 mg/kg Moderately 
toxic 

Brian Database, 
1999/19771 

14 day acute 
oral 

Copper sulfate, basic LD50 1150 mg/kg Slightly toxic Brian Database, 
1999/19791 

14 day acute 
oral 

Copper sulfate, 
pentahydrate 

LD50 420 mg/kg Moderately 
toxic 

Brian Database, 
1999/19781 

14 day acute 
oral 

Copper sulfate, 
pentahydrate 

LD50 340 mg/kg Moderately 
toxic 

Brian Database, 
1999/19751 

 
1 
2 

Indicates year the actual study was conducted 
mg/kg body weight 

 
 
 
 
 
 
 

Table 25: Mallard Duck Copper Toxicity Data 
 

Test Type Formulation Used Test Results Toxicity 
Ranking 

Reference/Study Date 

8-day acute 
dietary LC50  

Copper sulfate, 
pentahydrate 

LC50 > 10000 ppm Practically 
non-toxic 

Brian Database/19771  

8-day acute 
dietary LC50  

Copper triethanolamine LC50 > 5000 ppm Practically 
non-toxic 

Brian Database/19751  

14 day acute 
oral 

Copper triethanolamine LD50 5000 mg/kg Practically 
non-toxic 

Brian Database/19841  

N.R.2 Copper triethanolamine LD50 2000 mg/kg Slightly toxic Brian Database/19841  
 
1 
2 

Indicates year the actual study was conducted 
N.R. = Not reported. Probably oral toxicity. 

3 mg/kg body weight 
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Table 26: Other Avian Species Copper Toxicity Data 

 
Test Species Test Type Formulation 

Used 
Test Results Toxicity 

Ranking 
Reference/Study Date 

Ring-necked 
pheasant  

8-day acute 
dietary LC50  

Copper sulfate, 
pentahydrate 

LC50 > 40000 ppm Practically 
non-toxic 

Brian Database/19781  

Canada geese NR.2 Copper sulfate LD10 ~ 600 mg/kg3 Slightly 
toxic 

Henderson and Winterfield, 
1975 

Poultry NR2 Copper sulfate LD50 500 - 1000 mg/kg Slightly 
toxic 

Shivanandappa et al., 1983)  

Mallards and other 
ducks 

NR2 Copper sulfate LD50 400 – 600 mg/kg Moderately 
to slightly 
toxic 

Shivanandappa et al., 1983)  

Pigeons NR2 Copper sulfate LD50 1000 – 1500 mg/kg Slightly 
toxic 

Shivanandappa et al., 1983)  

 
1 
2 

Indicates year the actual study was conducted. 
NR = Not reported. Probably oral toxicity. 

3 mg/kg body weight 
 
 
 
 
 
 

Table 27: Copper Laboratory Mammal Toxicity Data 
 
Test Type Test 

Species 
Formulation Used Test Results 

(LD50) 
Toxicity 
Ranking 

Reference 

Acute Oral Rat Copper sulfate, 
pentahydrate 

300 mg/kg1 Moderately 
toxic 

Aldrich Chemical MSDS, 
1994 

Acute Oral Rat Copper sulfate, 
pentahydrate 

472 mg/kg  Moderately 
toxic 

Farm Chem. Handbook, 
1994 

Intraperitoneal Mouse Copper sulfate, 
pentahydrate 

10 mg/kg 
(males) 

NR Mitchell et al., 1982 

Intraperitoneal Mouse Copper sulfate, 
pentahydrate 

33 mg/kg NR Agarwal et al., 1989 

Intraperitoneal Mouse Copper sulfate, 
pentahydrate 

18 mg/kg NR Aldrich Chemical MSDS, 
1994 

Subcutaneous Rat Copper sulfate, 
pentahydrate 

43 mg/kg NR Aldrich Chemical MSDS, 
1994 

Intravenous Rabbit Copper sulfate, 
pentahydrate 

10 mg/kg NR Aldrich Chemical MSDS, 
1994 

Intraperitoneal Mink Copper sulfate 5.5 mg/kg NR Aulerich et al., 1982 
 
1 mg/kg body weight 
 
 

Supplemental Environmental Impact Statement Assessments of Aquatic Herbicides: 
DRAFT Volume 6 – Copper, Section 4 – ENVIRONMENTAL EFFECTS 

Vol. 6, Sect. 4 – Page 394 
 



 
 

Supplemental Environmental Impact Statement Assessments of Aquatic Herbicides: 
DRAFT Volume 6 – Copper, Section 4 – ENVIRONMENTAL EFFECTS 

Vol. 6, Sect. 4 – Page 395 
 

 
Table 28: Terrestrial Plant, Bird and Mammal Endangered Species List for the State of 

Washington  
 

Terrestrial 
Plants 

Common Name Scientific Name 

 Ute Ladies’-Tresses Spiranthes diluvialis 
 Golden Paintbrush Castilleja levisecta 
 Nelson’s Checker- Mallow Sidalcea nelsoniana 

Birds   
 Aleutian Canada Goose Branta canadensislLeucopareia 
 American Peregrine Falcon Falco peregrinus anatum 
 Bald Eagle Haliaeetus leucocephalus 
 Brown Pelican Pelecanus occidentalis 
 Marbled Murrelet Brachyramphus marmoratus 
 Northern Spotted Owl Strix occidentalis caurina 
 Western Snowy Plover Charadrius alexandinus nivosus 

Mammals   
 Gray Wolf Canis lupis 

 Grizzly Bear Ursus arctos horribilis 
 Woodland Caribou Rangifer tarandus caribou 
 Columbian White-Tailed Deer Odocoileus virginianus leucurus 
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Appendix 1: Sensitive, Threatened and Endangered Species found in Washington State 
 

Status Region Affected Counties within Region Common Name Species 

Endangered 
Endangered Upper Columbia River All counties Spring-run Chinook Oncorhynchus 

tshawytscha 
Endangered Upper Columbia River All counties Steelhead trout Oncorhynchus 

mykiss 
Endangered Snake River All counties Sockeye salmon Oncorhynchus 

nerka 
Threatened 

Threatened Puget Sound All counties Chinook salmon Oncorhynchus 
tshawytscha 

Threatened Puget Sound Clallam, Jefferson, Mason, Kitsap Hood Canal Summer Chum salmon Oncorhynchus keta 
Threatened Puget Sound All, excluding Kitsap, San Juan Island Bull Trout Salvilinus       

confluentus 
Threatened Washington Coastal Clallam Lake Ozette Sockeye salmon Oncorhynchus 

nerka 
Threatened Washington Coastal All, excluding Pacific Bull trout Salvelinus 

confluentus 
Threatened Lower Columbia River All counties Spring-run Chinook salmon Oncorhynchus 

tshawytscha 
Threatened Lower Columbia River All counties Chum salmon Oncorhynchus keta 
Threatened Lower Columbia River All counties Steelhead trout Oncorhynchus 

mykiss 
Threatened Lower Columbia River All counties Bull trout Salvelinus 

confluentus 
Threatened Upper Columbia River All counties Bull trout Salvelinus 

confluentus 
Threatened Middle Columbia River All counties Bull trout Salvelinus 

confluentus 
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Appendix 1: Sensitive, Threatened and Endangered Species found in Washington State (continued) 
 

Status Region Affected Counties within Region Common Name Species 

Threatened Middle Columbia River All counties Steelhead trout Oncorhynchus 
mykiss 

Threatened Middle Columbia River All counties Bull trout Salvelinus 
confluentus 

Threatened Snake River All counties Spring/Summer-run Chinook salmon Oncorhynchus 
tshawytscha 

Threatened Snake River All counties Fall-run Chinook salmon Oncorhynchus 
tshawytscha 

Threatened Snake River All counties Steelhead trout Oncorhynchus 
mykiss 

Threatened Snake River All counties Bull trout Salvelinus 
confluentus 

Threatened Northeast Washington All counties Bull trout Salvelinus 
confluentus 

Proposed Threatened 
Proposed 

Threatened 
Washington Coastal Grays Harbor, Pacific, Lewis Coastal cutthroat trout Oncorhynchus 

clarki 
Proposed 

Threatened 
Lower Columbia River All counties Coastal cutthroat trout Oncorhynchus 

clarki 
Potentially Threatened 

Potentially  
Threatened 

Upper Columbia River Chelan, Okanogan Westslope cutthroat trout Oncorhynchus 
clarki 

Potentially 
Threatened 

Middle Columbia River Kittitas, Yakima, Klickitat Westslope cutthroat trout Oncorhynchus 
clarki 

Potentially 
Threatened 

Northeast Washington All counties Westslope cutthroat trout Oncorhynchus 
clarki 

Candidate for Endanger Species Status 
Candidate Puget Sound All counties Coho salmon Oncorhynchus 

kisutch 
Candidate Washington Coastal Grays Harbor, Pacific, Lewis, Thurston Southwest Washington Coho salmon Oncorhynchus 

kisutch 
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Appendix 1: Sensitive, Threatened and Endangered Species found in Washington State (continued) 
 

Status Region Affected Counties within Region Common Name Species 

Candidate Lower Columbia River All counties Coho salmon Oncorhynchus 
kisutch 

Candidate 11 All counties Pacific Cod Gadua 
macrocephalus 

Candidate 1 All counties Walleye Pollock Sebastes sp. 
Candidate 1 All counties Pacific Hake Merluccius 

productus 
Candidate 1 All counties Brown Rockfish Sebastes sp. 
Candidate 1 All counties Copper Rockfish Sebastes sp. 
Candidate 1 All counties Quillback Rockfish Sebastes sp. 

Species of Concern in Washington State 
Concern 1 All counties Cherry point herring Family Clupedidae 
Concern 1 All counties Discovery Bay Herring Family Clupedidae 
Concern Statewide All counties River Lamprey  
Concern Statewide All counties Van Dyke’s Salamander Plethodon vandykei 
Concern Statewide All counties Columbia torrent Salamander Rhyacotriton 

olympicus 
Concern Statewide All counties Columbia spotted frog Rana lutieventris 
Concern Statewide All counties Great Columbia River Spire Snail  
Concern Statewide All counties Newcomb’s Littorine Snail  
Concern Statewide All counties California floater Adonata 

californiensis 
Concern Statewide All counties Northern Abalone Haliotis sp. 
Concern Statewide All counties Olympia Oyster unknown 

State Endangered 
State Endangered Statewide All Counties Oregon spotted frog Rana pretiosa 

State Sensitive 
State Sensitive Statewide All counties Pygmy whitefish Prosopium 

cooulteri 
State Sensitive Statewide All counties Margined sculpin Cottus marginatus 
State Sensitive Statewide All counties Larch Mountain Salamander Plethodon larselli 
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Appendix 1: Sensitive, Threatened and Endangered Species found in Washington State (continued) 
 

Status Region Affected Counties within Region Common Name Species 

State Candidate for Endangered Species Status 
State Candidate Statewide All counties Olympic mudminnow  
State Candidate Statewide All counties Mountain sucker Catostomus 

platyrhynchus 
State Candidate Statewide All counties Lake chub Coesius plumbeus 
State Candidate Statewide All counties Leopard dace Rhinichthys 

falcatus 
State Candidate Statewide All counties Umatilla dace Rhinichthys 

umatilla 
State Candidate Statewide All counties Eulachon (Columbia River Smelt) Thaleichthys 

pacificus 
State Candidate 1 All counties Black rockfish Sebastes sp. 
State Candidate 1 All counties Tiger Rockfish Sebastes sp. 
State Candidate 1 All counties Boccacio rockfish Sebastes 

paucispinis 
State Candidate 1 All counties Canary rockfish Sebastes sp. 
State Candidate 1 All counties Yellowtail rockfish Sebastes sp. 
State Candidate 1 All counties Green striped rockfish Sebastes sp. 
State Candidate 1 All counties Widow rockfish Sebastes sp. 
State Candidate 1 All counties China rockfish Sebastes sp. 
State Candidate Statewide All counties Dunn’s Salamander Plethodon dunni 
State Candidate Statewide All counties Cascade torrent salamander Rhyacotriton 

cascadae 
State Candidate 
under Review 

Statewide All counties Northern Leopard Frog Rana pipiens 

State Candidate Statewide All counties Giant Columbia River Limpet unkown 
 

1 Within Puget Sound, the San Juan Islands, and the Strait of Juan de Fuca east of the Seiku River 
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5.0 HUMAN HEALTH EFFECTS 
 

5.1 OBJECTIVE 
 
The Washington State Department of Ecology (WDOE) contracted with Compliance 
Services International (CSI) to prepare a document concerning potential human health 
impacts from aquatic application of the copper-containing aquatic herbicides. The 
Washington State Department of Agriculture has approved several copper products 
classed as either copper sulfate or chelated copper products. The copper sulfate 
pentahydrate crystals (Triangle Brand) are not used extensively because of their high 
toxicity to fish compared to the chelated copper products. Below are listed the two 
classes and copper products used in the State of Washington for aquatic weed control.  

 
 Class / Product     % Copper Equivalent 
 
 Copper Sulfate 
   Triangle® Brand Copper Sulfate Crystal  
     (CuSO4 pentahydrate)     25 
 
 Chelated Copper Products 
   Captain™ Liquid Copper Algaecide 
     (Cutriethanolamine + Cu Monoethaloamine)  16 
   Nautique™ Aquatic Herbicide 
     (Cu ethyldiamine + Cu Triethanolamine)  16 
   Cutrine® Plus Algaecide/Herbicide 
     (Cu Triethanolamine + Cu monoethanolamine) 3.7 – 9 
   K-Tea™ Algaecide 
     (Cu triethanolamine + Cu(OH)2)   8 
   Komeen™  
     (Cu ethylenediamine + CuSO4 pentahydrate)  8 
   Clearigate®  
     (Cu monoethanolamine + Cu triethanolamine)  4 
   Earthtec® Algaecide 
     (CuSO4 pentahydrate + Nordhausen acid)  5 

 
The label maximum use-rate for both the copper sulfate and chelated copper products 
cannot  exceed the water concentration of 1.0 mg/Liter or ppm copper. There are no 
water use restrictions. Therefore, the treated water can be used for domestic drinking 
water, swimming, livestock watering and irrigation immediately after application. 
  
Application of copper-containing aquatic herbicides results in the formation of the cupric 
(Cu++) ion or cation that is stable in water.  The CU++ ion exists in several physical and 
chemical forms. The cation becomes bound to inorganic and organic matter, bound or 
adsorbed to colloids or large polymers (30-99%), surface bound to suspended particles 
(25-99%) or complexed into the lattice of solid particles. The major forms of soluble 
copper found in treated water are Cu++, Cu(HCO3) and Cu(OH)2 (Sloof, 1989; Roper, 
1990; ACP, 1999). 
 
Since the cupric ion is the active ingredient in the formulation, discussions concerning the 
subchronic and chronic toxicology, exposure assessments and risk assessments will be in 
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terms of copper. Where possible, findings from acute toxicology testing are represented 
by findings from copper sulfate or other copper compounds. Results of the copper 
product acute toxicology testing are used to classify and label the product according to 
the EPA Federal Insecticide, Fungicide and Rodenticide Act (FIFRA) guidelines. In 
summary, when the word “copper” appears in this section, it refers to the cupric ion 
(Cu++). 
 
The human health section is designed to provide the most recent health information to the 
WDOE concerning the toxicology of copper and potential health risks to the public 
associated with aquatic weed control using copper-based products. It is also the intent of 
this section to assist the agencies in making decisions regarding continued copper uses 
and re-evaluating the need for re-entry intervals for swimming, use of treated water for 
domestic purposes and eating fish from treated water. 
 
The objectives of the human health section are to: 1) provide a review of the available 
copper toxicology information, 2) determine the degree and types of potential exposures 
that may be encountered during various time periods following copper aquatic 
application, and 3) present a series of risk assessments of the different types of exposures 
to aquatic applied copper and determine any need or recommendations for mitigation of 
exposure to ensure public health. 

 
5.2 APPROACH 
 
5.2.1 Information Compilation 
 

Information concerning available copper toxicology and health effects was obtained from 
computerized searches of the scientific and medical literature, EPA office of Pesticide 
Programs, WDOE and Washington Department of Health (WDOH). 

 
5.2.2 Risk Assessment Procedure 
 
5.2.2.1 Copper Toxicology Information and Assessment 
 

Section 1 of this document discusses the registration and regulation of pesticides. Part of 
registering any pesticide with the US Environmental Protection Agency (US EPA or 
EPA) is for the potential registrant to conduct a series of toxicology studies outlined in 
the Federal Insecticide, Fungicide and Rodenticide Act (FIFRA). One of EPA’s functions 
is to ensure that all pesticides be registered in accordance with FIFRA guidelines. The 
series of toxicology studies include acute (one exposure), subchronic (multiple exposures, 
e.g. weeks or months) and chronic exposure to the chemical over the entire lifetime of the 
animal.  
 
The toxicology profile of copper and the copper compounds is not extensive. Copper has 
been used as an insecticide, fungicide and herbicide for several hundred years. Most of 
the toxicology testing was conducted prior to the development of recent FIFRA 
standardized protocols and Good Laboratory Practices. Therefore, a large number of the  
copper subchronic and chronic studies that have been  conducted are of marginal quality. 
Some study findings of toxicological relevance have been presented and discussed in this 
document. 
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Although the copper-containing herbicide products are registered with the US EPA, very 
few of the formulations and active ingredients have undergone subchronic and chronic 
toxicology testing. Fewer yet have studies that meet GLP and FIFRA guidelines and most 
of the investigations were conducted prior to the establishment of EPA and study 
protocol guidelines. Therefore, the toxicology database for the copper compounds does 
not fulfill the FIFRA testing criteria required for current pesticide registration procedures. 
The US EPA supports this unusual situation by stating in the Copper Sulfate Registration 
Standard that copper is unique to other pesticides because; 1) it is an essential nutritional 
element, 2) copper toxicity to man has not been reported through dietary exposure, 3) 
man has a protective homeostatic mechanism to maintain a balance of copper in the 
system, 4) ingestion overexposure to copper triggers the vomit reflex and 5) man has an 
organoleptic sensitivity to copper so that ingestion of large amounts of the element would 
be repulsive and limit oral intake (US EPA, 1985). 

A review of the copper aquatic herbicides reveals that the active ingredients and 
formulations have been subjected to acute toxicology testing. The results of animal acute 
toxicology studies  (Tables 1 and 2,) are used to evaluate the health hazards that may be 
associated with one time exposure to the product concentrate by the applicator, 
bystanders and others. Once the hazards have been determined by the results of the tests, 
the specific product label warnings are then determined according to FIFRA guidelines to 
alert the consumer of the potential product adverse health hazards and precautions to take 
to prevent overexposure.  
 
The copper sulfate product label “Triangle® Brand Copper Sulfate Crystal and Aquatic 
Herbicide” bears the “DANGER” signal word and precautionary statements alerting the 
user that, depending upon the degree and duration of overexposure to the concentrated 
product, the chemical  
 
“Causes severe eye and skin irritation…Causes substantial but temporary eye injury. 
May cause skin sensitization reactions in certain individuals.”  
 
Similarly, the chelated copper product labels for Clearigate®, Captain™, Cutrine®-Plus 
Nautique™ and Earthtec® bear the “DANGER” signal word and the precautionary 
severe skin and eye warning statements similar to the copper sulfate formulation label 
(Table 2). 
 
Three of the chelated copper products have demonstrated only minor skin and eye 
irritation potential and are classed in FIFRA Toxicity Categories II and III.  The product 
label for K-Tea™ has a “WARNING” signal word and the precautionary statement that 
“May be fatal if inhaled.” The products Komeen™ and Cutrine®-Plus Granular are in 
FIFRA Toxicity Category III for skin and eye irritation and have a “CAUTION” label 
signal word accompanied by precautionary statements warning that the products may 
cause skin and eye irritation” (Table 2).  
 
The medical and toxicology literature reports a number of incidents involving human oral 
and dermal overexposure to copper and copper salts. The human clinical toxicology of 
copper is discussed in Section 5.17. No well designed copper or copper salt epidemiology 
investigation has been conducted. However, there are some limited worker exposure 
studies that, although they do not provide any quantitative exposure information, do refer 
to years of alleged exposure and resulting adverse health effects. The potential human 
copper exposure calculations presented in this document are based on the copper product 
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use-rates, extent and duration of exposures to the treated environment and findings from 
the copper aquatic analytical studies. Risk assessments were calculated based on various 
types and routes of copper aquatic exposure and dose findings from available animal 
laboratory toxicology investigations.   
 
As described in Section 1 of this document, animal toxicology studies are typically 
designed to include low, mid and high dose test groups. The objective of having at least 3 
dose groups is to determine the health effects observed and measured by the various 
degrees of exposure. The high dose group receives an amount of test material designed to 
overwhelm the body defense mechanisms, e.g. in suicide attempts, while the low dose is 
intended to not cause any observable or quantitated adverse health effects. The low dose 
or dose level that does not demonstrate toxicological effects is termed the no observable 
adverse effect (NOAEL or NOEL). The NOAEL is used in risk assessment calculations 
and sometimes is adjusted with an uncertainty factor(s) (UF) to compensate for 
extrapolation of calculated “safe” dose levels to humans from various animals species 
and toxicology endpoints, e.g. systemic toxicity, reproductive and fetal developmental 
effects, cancer, etc.  
 
The copper toxicology investigations are discussed in the following sections and the 
NOAELs and toxicology endpoints listed in Tables 3 and 5. 

 
5.2.2.2 Exposure Assessment 
 

The exposure assessments involve determination of different populations that may be 
exposed to copper, estimating degrees of exposure and doses likely to result from the 
various uses of the herbicide products following aquatic weed control. The exposure 
parameters evaluated are listed in Tables 4 and 6. 
 
Exposure assessments are based on the assumption that the copper salt aquatic weed 
control use-rates do not exceed a maximum copper concentration in the treated water of 
1.0 ppm.  Based on the assumed use-rates, exposure calculations were conducted for 
swimmers and bystanders or non-swimmers as to their daily exposure to copper. 
Swimmers were expected to spend anywhere from 0.5 to 3 hours swimming in  copper-
treated water. Their routes of exposure include dermal contact and incidental ingestion of 
treated water, dietary drinking of potable or treated surface water and ingestion of fish 
taken from treated water.  All subjects are divided into three groups consisting of 6 (22 
kilogram weight) and 10 (35 kg) year olds and adults (70 kg).  
 
The maximum exposure conditions included swimmers either daily drinking potable or 
treated surface water containing the maximum aquatic herbicidal label use-rate of  1.0 
ppm (1.0 mg/L) or the EPA Maximum Allowable Level in Drinking Water (MALDW) of 
1.3 ppm or 1.3 mg/L. Also, the exposure from eating fish taken from copper treated water 
is presented on Table 12. Since aquatic herbicidal use of copper is not intended for food 
crops and copper does not bioconcentrate in living organisms, other potential dietary 
sources of exposure were not conducted. 
 
Tables 13 and 14 present combined daily sources of copper exposure.  The main factor in 
the exposure to copper following aquatic application for weed control concerns the 
incidental ingestion of water by the swimmer and ingestion of daily drinking water from 
either potable or treated surface water containing 1.3 or 1.0 mg copper/L, respectively. 
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5.2.2.3 Risk Characterization 
 

The potential risk of non-carcinogenic effects is usually evaluated by comparing an 
environmental dose to a reference or “safe” dose.  Risk assessments for various copper 
aquatic exposure doses were evaluated by comparing them to the lowest subchronic 
systemic NOAEL or calculating the margin of safety (MOS). Typically, a reference dose 
(RfD) is also used along with the MOS calculations, however in the case of copper, due 
to the absence of any adequate long-term or chronic animal toxicology studies, no RfDs 
could be determined.  
  
The MOS is used to evaluate subacute exposures. In this approach, the lowest NOAEL or 
NOEL from the animal toxicology studies for specific endpoints, e.g. systemic toxicity, 
or developmental, were compared to the calculated human copper doses. This method 
allows an evaluation and determination of a “safe” dose specific to each human route of 
exposure. Thus, the MOS is a ratio of the lowest NOAEL dose to the calculated exposure 
dose and is meant to be an indicator of potential risk. The standard MOS is 100, meaning 
that MOSs greater than 100 represent degrees of negligible risk, while values below 100 
signal an increased risk of the toxic endpoint effects. MOS determinations are included in 
Tables 7 – 14 (Shipp, 1986).  

 
5.3 CHEMICAL FORMULATIONS 
 

The copper-containing products used by WDOE for aquatic weed control are presented in 
Section 1.0(Objective), listed above, and Table 2. Also, a more detailed presentation of 
the copper products appears in Copper, Label Description & History, Section 1.1 (Copper 
as an Aquatic Herbicide), Subsection 1.1.1 (Registration Requirements), Volume 5, 
Section 1, Compliance Services International. 
 
Aquatic water concentrations and toxicology doses are presented in terms of copper ion 
and expressed in units either as ppm, mg/L, ug/dy and ug/kg/dy. The highest label aquatic 
herbicidal use-rate for copper is 1.0 ppm or mg/L. This water concentration and the 
MALDW were used to calculate the maximum aquatic human exposures for the risk 
assessments presented in the Tables. Depending upon the water environmental 
conditions, copper concentrations decrease rapidly following application. For this reason, 
exposure and risk assessment calculations were not conducted beyond day 1 following 
application because of the minimal amount of aquatic copper available for exposure. 
 

5.4 EXPOSURE ASSESSMENT 
 

Exposure assessments were conducted on three populations that included children and 
adults. The children were ages 6 and 10 weighing 22 and 35 kg, respectively and 70 kg 
for adults. The population groups were evaluated according to their time spent swimming 
in copper-treated water containing 1.0 ppm immediately following application. Routes 
and types of exposure included incidental ingestion and skin contact with treated water. 
In addition, the population groups were also evaluated as to their aggregate exposure 
received from drinking potable water or treated surface water and daily consumption of 
fish taken from treated water. The exposure assessments appear in Tables 7 – 14.  
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5.5 EXPOSED POPULATION 
 
The exposed population in this section refers to the general public and does not include 
people who may be occupationally exposed during mixing, loading or applying copper to 
bodies of water. The exposed populations used in the exposure assessment are described 
in subsection 5.4 above. 

 
5.6 POTENTIAL ROUTES OF EXPOSURE 
 

The potential routes of exposure include primarily ingestion of copper-treated water 
either during swimming and/or through daily use of potable or treated water as a drinking 
water source. Other potential routes of exposure involved dermal contact of treated water 
and eating fish taken from the treated water.  
 
The calculated doses received by the exposed population groups are discussed in 
subsection 5.18 and presented in Tables 7 – 14.  
 

5.7 TOXICITY ASSESSMENT 
 

The animal toxicology information concerning copper is discussed in the following 
subsections and consists of a review of the available acute, subchronic and chronic 
testing. Although the copper compounds have been registered with the US EPA for 
antifoulant, fungal and herbicidal purposes, very few GLP subchronic or chronic 
toxicology studies have been conducted. As discussed in Section 5.2.2.1, the toxicology 
database for the copper compounds does not fulfill the EPA FIFRA toxicology testing 
criteria for registration of a pesticide.  
 
Nevertheless, a review of copper compounds by the UK Advisory Committee on 
Pesticides (ACP) and the Pesticides Safety Directorate determined that the available 
animal toxicology database and human health information concerning worker exposure to 
copper and copper antifouling products, did not present any evidence of an increased 
incidence of overexposure or findings of significant adverse health effects. The ACP was 
of the opinion that workers, exposed to copper compounds during application of 
antifouling products, are adequately protected by standard occupational hygiene measures 
and that use of such products should be continued (ACP, 1999). 
 
In summary, following a review of the available toxicology and pharmacokinetic 
investigations concerning the copper salts, it appears that the copper compounds have 
similar degrees of toxicity following overexposure. None are considered highly toxic, 
however, it appears that some of the concentrated copper compounds have demonstrated 
moderate to severe skin and eye irritation and injury in animal eye irritation studies 
(Table 2).   
 
The weight of the evidence concerning the toxicology information of copper compounds 
indicates that they are not considered to be carcinogenic, mutagenic or cause adverse 
reproductive or developmental effects..  Copper is considered to have a low degree of 
systemic toxicity based on findings from the acute and subchronic toxicology studies 
(Tables 2, 3 and 5). However, the main adverse health effect appears to be associated 
with eye contact with some of the concentrated formulations that can result in  severe eye 
irritation and damage. Results of the undiluted copper product acute eye irritation 
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studies place most formulations  in FIFRA Toxicity Category  I as causing irreversible 
eye damage (Table 2).  
 
There are four FIFRA Toxicity Categories numbered I-IV. Category I designates 
pesticides being the most toxic or irritating, while Category IV represents the least 
toxicity or irritating chemicals. Pesticides in Categories II and III fall in between the two 
extremes. See Table I for the copper salt acute toxicology findings and FIFRA toxicity 
category classifications. Category I,II and III/IV product labels have a DANGER, 
WARNING, or CAUTION signal word, respectively. Category IV products also have a 
CAUTION label signal word, but have no precautionary statements. 
 
A review of the copper aquatic herbicide product labels used by WDOE reveals that 7 
have a DANGER signal word because of the severe skin and eye irritation observed in 
the toxicology eye and skin irritation tests. The other product toxicology parameters 
fulfill categories II, III or IV. A precautionary statement warning of possible allergic skin 
reaction from exposure appears on 5 labels. The Cutrine®-Plus Granular product (3.7% 
copper equivalent) and Komeen™ (8% copper equivalent) that are classed in FIFRA 
category III and have CAUTION a label signal word.  .  
 
The above discussion concerns the results of acute toxicology testing of the concentrated 
undiluted copper-containing aquatic herbicide. Using the products according to label 
directions and following the prescribed use-rates results in a dilution of the formulation 
following aquatic application, thus reducing the eye and skin irritation potential to 
persons contacting immediately treated water. Further dilution, degradation and binding 
of the chemical by particulate, vegetation and sediment occurs over time so that any 
chance of overexposure to produce eye and skin irritation or skin sensitization becomes 
insignificant.  

 
5.8 PHARMACOKINETICS 

  
5.8.1 Absorption, Distribution and Metabolism 

 
Introduction 
 
Copper is considered a ubiquitous element found naturally in our food and water. The 
daily American standard diet contains approximately 2-5 mg copper. The bioavailability 
of dietary copper is about 65-70% depending on the compound, interaction with other 
metals and dietary components. The biological half-life of dietary copper is estimated to 
be 13-33 days.  Most of the absorbed copper is excreted by biliary excretion. Copper is an 
essential element for normal physiological functions in most living species including 
man. The adult human system contains 80-150 mg of total copper. Most of the element is 
concentrated in the liver, brain, muscle and pigmented parts of the eye (Venugopal, 1978; 
EPA, 1985; Barceloux, 1999). 
 
Copper is considered an essential element because it is a component of certain 
metalloenzymes and proteins. Copper is required in the synthesis of hemoglobin and a 
constituent of various enzymes, e.g. cytochrome oxidase, tyrosinase, monoamine oxidase, 
ascorbic acid oxidase, uricase, galactose oxidase and amino-levulinate dehydratatse. The 
role of copper in the enzyme systems is involved in protecting cells, especially in the 
liver and brain, by catalytically scavenging the toxic free radical superoxide ion 
generated during aerobic metabolism. Copper is a component of super oxide dismutase 
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maintaining the function of the enzyme in the elimination of superoxide free radicals. In 
addition, copper plays a role in the absorption of iron into the system where it is involved 
in hemoglobin synthesis (Demayo, 1982; Ellenhorn, 1988; Henry, 1991). 
 

5.8.2 Oral 
 

Approximately, 30%-70% of the ingested copper is absorbed into the system from the 
stomach and small intestines reaching a peak concentration in the blood within 1-2-hours 
followed by a rapid decline as it becomes bound to albumin and amino acids. 
Approximately 5% of the absorbed copper is retained in the system while the remainder 
is excreted in the bile, feces and urine (EPA, 1985; Sorel, 1985; Henry, 1991). 
 
A delicate copper balance is retained in the system through absorption, 
biotransformation, storage and excretion. At dietary copper levels of approximately 2 
mg/day a positive balance is maintained. However, it has been determined that with 
increasing copper intake there is a concomitant increase in the retained element to a point 
of approximately 8 mg/day. Beyond this level there is no significant retention of copper 
in the system (Schroeder, 1966; Evans, 1973: EPA, 1985). 
 
Copper absorbed into the blood is either taken up by the erythrocytes or remains in the 
plasma where most becomes bound to albumin and amino acids while trace amounts exist 
in the free form. The firmly bound or albumin containing copper represents 
approximately 80%-90% of the total plasma copper and is incorporated into 
ceruloplasmin, a multifunctional enzyme responsible for mobilizing iron from storage 
sites that results in hemoglobin synthesis (Henry, 1991).  
 
The liver is the main storage site for copper and serves three main functions involving 
utilization and excretion. The liver maintains a balance of copper in the system. The liver 
functions with regard to copper are storage, ceruloplasmin synthesis and biliary 
excretion. Biliary excretion of copper in the form of a copper-protein complex is the 
major route of elimination of absorbed copper, while approximately 5% is excreted in the 
urine. Copper has a half-life in the body of approximately 4 weeks (Venugopal, 1978; 
Reisman, 1987; PSD Review, 1999). 

 
5.8.3 Dermal 

 
Although there are no available data determining the in vivo dermal penetration of copper 
compounds through human skin, results of an in vitro study indicated that the 
percutaneous absorption rate for copper sulfate was approximately 5 ng/cm2/hr (Pirot, 
1996).  Sorel, et al, 1985, using radio labeled bis[glycinato]copper (II), applied the 
chemical to the skin of cats and observed that the penetration rate of the chemical was 
3.3% over 24 hours. 
 

5.8.3 Inhalation 
 

Copper absorption from the respiratory tract and lung tissue does not appear to be as 
extensive when compared to the digestive tract. Results of human copper inhalation 
studies indicate that approximately 20% of inhaled copper is absorbed through the lung. 
The investigators postulated that another 20% was retained in the respiratory tract and the 
remainder removed by mucocilliary clearance (Venugopal, 1978; Reisman, 1987). 
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Hirano (1990) conducted a study involving a single intratracheal administration of 0.4 ml 
solution of copper sulfate to rats at doses of 0, 2.5, 5, 10, 20, 30 or 50 mg copper and 
sacrificed the animals at 0.5 hrs to 7 days intervals. Their findings revealed that 
regardless of the dose and the time frame between dosing and sacrifice, the copper 
concentrations in the liver and kidneys of treated animals were not significantly increased 
over controls. 

 
5.9 SYNERGISM WITH OTHER PESTICIDES 

 
Copper has been claimed to be associated with synergistic activity with certain 
chemicals. Ahmed and Shoka (1994) reported that copper sulfate synergized the toxicity 
of zineb in rats administered oral doses of the chemicals daily for 9 weeks. The 
investigators found that there was a reduction in the weights of testes, thymus and adrenal 
glands and increased levels of serum alkaline phosphatase activity and bilirubin along 
with a reduction in hemoglobin. 
 
Cerlewski and Forbes (1977) found that incorporating dietary copper to rats at levels of 
1-20 mg/kg increased lead toxicity as demonstrated by elevated kidney lead 
concentrations and increased excretion of alpha-aminolevulinic acid.  
 
Klauder and Petering (1977) suggested that lead can interfere with copper metabolism as 
evidenced by rats treated with lead demonstrating a decreased hematocrit and 
hemoglobin leading to an anemia condition and a copper deficiency. The investigators 
found that supplementing the diet with copper prevented the anemia. 
 

5.10 ACUTE  TOXICITY 
 

As stated previously, the toxicology database for the copper salt aquatic herbicides does 
not meet the FIFRA registration standards required for other pesticides. For this reason 
the quantity and quality of most of the acute, subchronic and chronic toxicology 
investigations are incomplete. Where applicable, the human worker exposure experience 
and clinical overexposure cases have been incorporated with the available animal 
toxicology investigational findings in order to provide as complete a toxicology review as 
possible. 
 
Results or a representation of the acute toxicology studies concerning the copper salt 
formulations used for aquatic weed control by WDOE are presented in Table 2. The 
designated toxicity classifications are based on the FIFRA signal words and 
precautionary statements that appear on the nine listed copper herbicide product labels. 
The EPA FIFRA labeling toxicity categories are determined by results from the specific 
product or chemical acute toxicology studies. The LD50 dose ranges and degrees of skin 
and eye irritation are used to determine the specific label warning signal word and 
precautionary statements. A discussion of the FIFRA criteria is presented in the WDOE 
Section 1, EPA Registration and Review Process and briefly reviewed in Section 5.7. 
 
As stated in Section 1 of the WDOE Aquatic Herbicide EIS, one of the objectives of 
conducting acute oral, dermal and inhalation toxicology studies is to determine the 
“LD50” of a chemical. The LD50 is defined as the “lethal dose” that kills or calculated to 
kill half or 50% of the animal test population. The LD50 is a universal guide in 
toxicology that commonly serves to categorize the degree of acute toxicity of a particular 
chemical or product. LD50s are determined for both the oral and dermal routes of 
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exposure. LC50s or lethal concentrations of airborne chemical vapor, aerosol or dust 
define the acute amount or dose of respirable chemical that kills half or 50% of the 
animal test population. The LD50 and LC50 dose determines placement of a pesticide in 
FIFRA Toxicity Categories I –IV (most toxic or irritating to least toxic or irritating).  
 
Based on the highest toxicity category study finding, the pesticide product label must 
bear a warning signal word of either DANGER (category I), WARNING (category II) or 
CAUTION (categories III or IV). The label precautionary statements for each toxicity 
category are also dictated by FIFRA according to the results of each specific product or 
chemical acute toxicology study.  

 
Table l lists the results of animal acute toxicology studies conducted on several copper 
compounds. The findings from the animal testing indicate that the copper compounds 
tested have a low degree of systemic toxicity, skin and eye irritation and may be 
associated with allergic skin effects in rare instances.  
 
Table 2 lists the FIFRA Toxicity Categories for the undiluted WDOE listed copper-
containing aquatic herbicides based on the label signal word and precautionary 
statements. The acute toxicity categories concerning oral, dermal and inhalation routes of 
exposure reflect a low degree of systemic toxicity associated with exposure to the 
concentrated products except in the case of Clearigate®, Captain™ and Nautique™. Due 
to the corrosive nature of the products they have been placed in FIFRA oral and dermal 
toxicity categories II. The findings concerning skin and eye irritation differ significantly 
from the data presented for the copper compounds on Table 1. A review of Table 2 
reveals that 6 of the copper-containing products are classed in FIFRA skin and/or eye 
toxicity category I. These product labels bear the DANGER signal word and 
precautionary statements: “Corrosive. Causes irreversible eye damage and skin 
irritation.” The products Clearigate™ and Nautique™ also have the FIFRA skin toxicity 
category II precautionary label statement: “may be harmful or fatal if absorbed through 
skin.” The Captain™ label precautionary statement also lists: “Due to corrosive nature 
may be harmful or fatal if swallowed.”  
 
The discrepancy in the acute toxicity and skin and eye irritation findings between Tables 
1 and 2 reflect the irritation potential of the components of the concentrated formulated 
products when compared to the technical copper compounds. The products may contain 
surfactants, emulsifiers and other ingredients that are present in sufficient concentration 
when tested in the animal studies to cause severe irritation. However, when diluted by 
water following application for aquatic weed control, the irritation potential is 
significantly reduced. Additional reduction of biologically available copper formulation 
through binding and component breakdown by environmental factors, e.g. photolysis, 
hydrolysis and bacteria also significantly diminishes the skin and eye irritation potential. 
 
A review of most of the copper aquatic herbicide labels reveals a DANGER signal word 
and associated precautionary statements warning the user that the concentrated product is 
a FIFRA Toxicity Category I pesticide and causes severe eye and skin irritation and 
injury or damage. Results of animal toxicology skin and eye irritation studies have 
demonstrated that the undiluted copper product active ingredients, if splashed in the eyes 
or allowed to remain on the skin, can be highly irritating and damaging (Stokinger, 1963; 
Grant, 1974; EPA, 1985;unpublished 33, 1990, PSD, 1999).  
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In addition, some of the copper herbicide labels have precautionary statements regarding 
the possibility that dermal contact with the product may cause allergic skin reactions. A 
review of the literature indicates that the finding of copper salts and products having skin 
sensitization potential appears inconclusive. However, the dilution of the product may 
again mitigate sufficient exposure to cause an allergic skin reaction (Saltzer, 1968; 
Cartell, 1980; Stokinger, 1981; EPA, 1985; Zabel, 1990; Unpublished 33, 1990; PSD, 
1999).  
 
Human overexposure to concentrated or undiluted copper herbicide during application 
can result from accidental spilling or splashing the chemical on the skin, in the eyes and 
mouth. Regardless of the route of overexposure, the first aid procedures outlined on the 
copper product label should be followed immediately and where indicated the exposed 
person should be examined by a physician.  
 
Also, depending upon the spray equipment settings and wind factors, the applicator may 
be overexposed to the copper herbicide spray mist during application of the product over 
the surface of the water.  The degree and duration of overexposure to the concentrated 
copper product spray mist determines the extent of any signs and symptoms of irritation 
to the eyes and upper respiratory tract and possible systemic toxicity. However, spray 
application of copper herbicide by boat, involves equipment that forms large spray 
droplets that can be easily directed to the targeted aquatic treatment area. It is counter 
productive to apply smaller size spray droplets that would minimize the amount of 
herbicide contacting the designated treatment area and may result in formation of spray 
drift and the potential for copper overexposure to the applicator or area bystanders and 
non-target vegetation.   

 
5.10.1 Oral Toxicity 
 

Most of the acute toxicology test findings and human exposure incidents that have 
application in defining the adverse health effects associated with copper aquatic 
herbicides concern copper sulfate. As previously discussed, the pharmacokinetics of the 
copper salts basically involve the absorption and metabolism of the compound in the 
system where the cupric ion becomes protein bound in the serum, incorporated into 
several enzyme systems for heme synthesis and free radical scavenging and primarily 
excreted in the bile. Since copper is an essential element for human physiological 
function, a delicate balance has been established between it’s absorption and excretion. 
 
The findings from the copper salt acute oral toxicology investigations indicate that 
administration of large doses are irritating to the stomach and intestinal tract, and 
depending upon the dose, can result in systemic poisoning and death (Stokinger, 1981). 
The rat acute oral LD50 for copper sulfate is approximately 960 mg/kg, placing the 
chemical in FIFRA oral Toxicity Category III (Stokinger, 1981).  
 
Copper sulfate was used in medical toxicology as an emetic (an agent that causes 
vomiting) for gastric decontamination. The prescribed emetic dose was 250-500 mg in 
water, wait 15 minutes and repeat if vomiting does not occur. This was found to be a 
dangerous practice in that unintentional induction of copper poisoning could complicate 
an already serious clinical situation. Based on clinical findings, the estimated average 
lethal dose of copper sulfate in a 70 kg person is 15 gm or approximately 215 mg/kg 
(Gosselin, 1984; EPA, 1985). 
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Cases involving human ingestion of copper compounds typically involve irritation of the 
digestive tract resulting in nausea and vomiting. Venugopal and Luckey (1978) reported 
that signs and symptoms associated with human ingestion of copper salts included 
abdominal pain, nausea, vomiting, gastritis, diarrhea, tachycardia, hypotension, hemolytic 
anemia, oliguria (lower than normal volume of urine), uremia (an excess of urea in the 
blood), coma, vascular collapse and death. Oral contact with small amounts of copper 
imparts a metallic sweet sickening taste. 
 
Chugh (1975) and Nagaraj (1985) reported human cases of suicidal ingestion of 
quantities of copper sulfate in the range of 50 gm copper sulfate (20 gm copper). The 
significant clinical findings involved severe intravascular hemolysis, methemoglobinuria, 
anemia, cyanosis, oliguria and death within 16 hours following ingestion. Sorel (1985) 
described human cases of copper ingestion in doses of 5-32 mg where patients 
complained of metallic taste, vomiting, diarrhea and epigastric pain.  
 
Chuttani (1965) described the clinical findings of 48 patients that had ingested doses of 
copper sulfate ranging from 1 to 100 gm. The most common signs and symptoms were 
metallic taste, nausea, epigastric pain and vomiting. The organ systems affected to the 
greatest extent involved the digestive tract, liver and kidneys.  Pathological examination 
of the gastrointestinal tract revealed edema, hemorrhage and ulcers, while jaundice 
centrilobular necrosis and biliary stasis was associated with liver complications. Some 
patients experienced hematuria followed by oliguria as evidenced by increasing BUN 
(Blood Urea Nitrogen level) values. Results of biopsy or autopsy demonstrated necrosis 
of the renal tubular cells and glomerular congestion. Nine of the patients ingested a lethal 
dose of copper sulfate. 
 
There are a number of human copper poisoning reports involving the accidental ingestion 
of nonlethal doses of the element. Ingestion of tea containing approximately 30 ppm 
copper by 20 workmen resulted in signs and symptoms of nausea, vomiting and diarrhea. 
The water for the tea had remained in a copper fabricated vessel for about 48 hours 
(Nicholas, 1968). Wyllie (1957) was able to calculate the dose of copper accidentally 
ingested by people that had ingested lemon drinks containing copper from a cocktail 
mixer lined with the metal. The subjects reported signs and symptoms of nausea, 
vomiting and diarrhea. The author calculated that the doses ingested ranged from 0.09 to 
0.36 mg copper/kg. In another incident, workers complained of severe gastritis following 
drinking tea containing 44 ppm copper, which calculated to an approximate dose of 0.17 
mg/kg (Semple, 1960). 

 
 5.10.2 Dermal Toxicity 

 
Systemic toxicity from dermal exposure to copper salts was not demonstrated in any of 
the laboratory acute toxicology studies. The acute dermal toxicity appears to be low 
based on the findings from the copper sulfate rabbit and the cuprous oxide rat and rabbit 
acute dermal investigations demonstrating LD50s of >1,000 and > 2,000 mg/kg, 
respectively. No signs of toxicity or deaths were observed in any of the studies (Wilbur 
Ellis, 1969; Unpublished 16, 1986; Unpublished 20, 1985; Unpublished 21, 1989; 
Unpublished 22, 1991). The cupric thiocyanate rat acute dermal LD50 was > 20,000 
mg/kg and no signs of toxicity or deaths were observed (Unpublished 23, 1976).  
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 5.10.3 Inhalation Toxicity 
 
Inhalation overexposure to copper salt spray mist during labeled directed use for aquatic 
herbicide weed control is not expected to pose a significant health risk. The size of spray 
droplets for aquatic application must be sufficiently large so that they fall directly on the 
intended target area. This is also to prevent human exposure and drift to non-target 
vegetation or other areas. Application of copper aquatic herbicides is also conducted by 
subsurface application or underwater injection. 
 
Since copper is considered nonvolatile, no adverse health effects are expected from 
exposure to copper vapor (Kidd, 199l).  
 
A review of the cuprous copper and cupric thiocyanate rat acute 4-hour nose only 
inhalation exposure studies, revealed that the animals displayed signs of respiratory 
depression, lung hemorrhage, pulmonary edema and death. Results of the investigations 
indicated that the LC50s were 5 mg/L and greater, classing the chemicals in FIFRA 
inhalation Toxicity Category IV (Unpublished 24, 1985; Unpublished 25, 1988; 
Unpublished 26, 1985; Unpublished 28, 1990; Unpublished 29, 1985).  

 
The aerosol particle sizes generated in the animal inhalation study were nearly all 
respirable (less than or equal to 10 microns in diameter), while typical agricultural spray 
equipment delivers particles in the size range of 200 microns. In the case of copper spray 
application to bodies of water the particle sizes would be much greater than 200 microns 
for reasons described above, thus minimizing formation of respirable particles. Due to the 
design of the mammalian respiratory tract, particles less than 10 microns are required to 
reach the air sacs or alveoli of the lung. Larger particles of 200 microns and greater are 
deposited in the nasal passages and throat of the upper respiratory tract. 
 
Based on the results of the copper salt rat acute inhalation studies, the types of aquatic 
weed control spray application, the large size of the spray droplets and low vapor 
pressure, it is unlikely that applicator workers or bystanders will be overexposed during 
aquatic herbicidal spraying.  

 
5.10.4 Skin Irritation 
 

A review of the rabbit and rat acute toxicology dermal irritation studies concerning 
cuprous oxide and thiocyanate and cupric sulfate indicate that the compounds are not 
classed as skin irritants (Unpublished 30, 1984; Unpublished 31, 1988; Unpublished 17, 
1973; Unpublished 32, 1988; Unpublished 33, 1990; EPA, 1985). The results of the 
dermal testing class the chemicals in FIFRA Toxicity Category IV for skin irritation. 
Conversely, the formulated copper aquatic herbicides demonstrate a greater degree of 
skin irritation as indicated by the DANGER label signal word and precautionary 
statements warning of the severe skin irritation from overexposure to some of the 
concentrated products. The difference in skin irritation between the technical copper 
compounds and the formulated products is discussed above and due to the other 
components in the concentrated aquatic herbicidal formulations (Tables 1 and 2). 
 
Occupational evaluation of farmers and furniture polishers having skin exposure to 
copper sulfate indicated that the results of clinical patch testing with the chemical was 
positive for contact dermatitis. A 5% copper sulfate alcohol solution tested positive in 10 
furniture polishers and negative in 15 control patients (Rademaker, 1998; Dhir, 1977). 
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5.10.5 Eye Irritation 
 

A review of the acute eye irritation studies concerning copper sulfate found that the 
chemical caused conjunctivitis, edema of the eyelids and corneal ulceration, turbidity and 
necrosis (Stokinger, 1963; Grant, 1964, EPA, 1985) 
 
In an unpublished rabbit eye irritation study, a 0.1% copper sulfate solution was instilled 
in the eyes of two groups of animals three times a day for one or five days. No 
pathological effects or changes were noted in any of the rabbits in the two test groups 
during the 30-day observation period. It was also determined that application of a 1% 
copper sulfate solution to the eyes of rabbits three times/day for one day resulted in the 
development of corneal ulcers within five days (Phelps Dodge, 1975; EPA, 1985).  
 
Because of the severe eye irritation potential of the concentrated copper aquatic herbicide 
products, most labels bear the FIFRA eye Toxicity Category I “DANGER” signal word 
and precautionary warning statements: “Corrosive. Causes Irreversible Eye Damage.” 

 
Significant ocular irritation is not expected from eye contact with copper-treated water 
because of the rapid dissipation and breakdown of the chemical by means of dilution, 
hydrolysis, photolysis and absorption into the aquatic vegetation and sediments.  

 
5.10.6 Skin Sensitization 
 

Results of the copper salt guinea pig, rat and human skin sensitization investigations 
demonstrated both positive and negative responses. Guinea pigs tested with cuprous 
oxide and thiocyanate and rats with cupric sulfate displayed no evidence of skin 
sensitization (Unpublished 38, 1986; Unpublished 39, 1988; Unpublished 33, 1990).  
 
Studies of human populations receiving dermal exposure to copper indicate that the 
chemical is considered to be a rare sensitizer. EPA (1985) reported the results of copper 
skin patch testing of 200 rural patients revealed eight positive responses. Zabel, et al 
(1990) evaluated nearly 11,000 patients for allergic skin reactions to copper and found 
that copper sulfate skin sensitization is rare and usually associated with dermal allergies 
to cobalt and nickel. The authors advised that to avoid adverse dermal effects from 
working with copper sulfate, that 0.5% or less solutions of the chemical be used. Saltzer 
and Wilson(1968) reported a positive skin patch reading in a patient tested with 1.25% 
copper sulfate. In addition to the positive allergic finding, the investigators also noted 
dermal erythema and vesiculation. Laubstein (1990) also reported a case of positive patch 
test results of copper and copper sulfate in a patient. 
 
Therefore, based on the results of the guinea pig and human sensitization investigations, 
the low product use rates, water dilution factor, hydrolysis, photolysis and incorporation 
of chemical into vegetation and sediments, the development of allergic skin reactions 
from persons contacting copper treated water should be negligible. Nevertheless, the skin 
sensitization test findings are reflected on most product labels by the precautionary 
warning statement; “May cause an allergic skin reaction in some individuals.” 

 
5.11 SUBCHRONIC  TOXICITY 
 

Subchronic or repeated daily or weekly chemical exposures for short time periods  
typically occur during the application of a chemical or through dietary intake of a treated 
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food crop or water. Most human chemical exposures are either acute (one time exposure) 
or subchronic (exposure to a chemical for a few days or weeks). The potential for 
subchronic exposure to copper when used for aquatic weed control is unlikely since the 
potential for exposure to the chemical declines quickly because of the factors previously 
discussed and the chemical’s half-life of approximately 15-20 days depending upon water 
chemistry parameters, vegetation and sediments (McIntosh, 1975).   
 
Significant exposure to persons in contact with water recently treated with a copper 
aquatic herbicide would primarily involve dermal contact and incidental ingestion of the 
chemical while swimming, drinking contaminated potable or treated water as a daily 
drinking water source and ingestion of fish taken from treated water.  
 
Inhalation exposures to copper in aquatic herbicidal use situations basically applies to 
field applicators where possible generation of a spray mist may occur. However, aquatic 
application of copper in compliance with label directions is not expected to result in 
adverse health effects following contact with treated water. Further, factors mitigating 
against any adverse health effects from applied copper are the significant water dilution, 
poor dermal absorption, rapid excretion of absorbed copper and a relatively short half-life 
in water all support the conclusion that overexposure to the chemical is unlikely. 
 
Subchronic toxicology studies are designed to determine the target organ(s) associated 
with overexposure to a chemical for a few weeks or months. Such studies usually consist 
of four groups of animals, a control (non-exposed group) and low, mid and high dose test 
groups. The parameters of subchronic investigations are designed to define the dose and 
associated toxic effects of the chemical, identify the specific target organ(s) affected, note 
signs of toxicity, changes in body weight and food consumption, blood chemistry and 
urine analyses, hematology and gross and histopathological examination.  
 
Based on the results, the target organ(s) associated with overexposure to the test 
compound can be identified and a no observable adverse effect level (NOAEL) dose can 
be determined for the chemical. The findings from the investigation can also be used in 
defining and calculating the degree of toxicity of the chemical, risk assessments, 
establishment of acceptable exposure levels, dietary and drinking water standards, label 
precautionary statements and other sources of health information. 

  
5.11.1 Oral 

 
Boyden (1938) conducted a 4-week rat copper sulfate dietary feeding study that involved 
5 dose groups receiving 0, 500, 1000, 2000 or 4000 ppm (0, 5.1, 8.2, 10.8 or 7.6 
mg/kg/dy). Adverse health effects were observed at all dose levels displayed by reduced 
food intake and body weight, increased copper levels detected in the blood spleen and 
liver. Slight decreases in food intake and body weight gains were noted in the low dose 
animals. Hepatic injury evidenced by jaundice was present in the 2000 ppm group, while 
deaths occurred at the high dose primarily due to starvation. 
 
Results of a 20-day rat gavage study involving the administration of 100 mg/kg/dy 
copper sulfate (25.4 mg/kg/dy copper) revealed findings of decreased skeletal growth and 
body weight gain; decreased hemoglobin, hematocrit and red blood cells; and liver 
centrilobular necrosis and renal tubular engorgement and necrosis (Rana, 1980). 
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Haywood (1980) investigated the effects of administering a 2,000 mg/kg/dy dose of 
copper sulfate (508 mg Cu/kg/dy) in the diets of rats for 1, 2, 3, 6, 9 or 15 weeks. There 
were no signs of toxicity observed the first week. During the second week, examination 
of the liver revealed increased copper levels and hypertophy of parenchymal cells. The 
toxic effects of copper increased during week 3 as evidenced by further elevated liver 
copper levels, parenchymal cell hypertrophy and necrosis. Slight proliferative tissue 
changes were also noted in the kidneys. Animals dosed for 6 weeks demonstrated 
widespread liver necrosis and bile duct hyperplasia. There was also extensive 
desquamation of the renal epithelial cells of the proximal convoluted tubules. Although 
the liver and kidney tissues continued to be affected by week 9, there was evidence of 
regenerative activity of the liver parenchymal tissue and the renal tubules appeared 
reconstituted. At week 15 there was advanced healing in the liver with some findings of 
bile duct hyperplasia. The regenerative activity in the kidney by the end of the study was 
nearly complete. 
 
Janus (1989) conducted a rat subchronic 3-week gavage and feeding study using copper 
sulfate.  Results of the investigation indicated that dose levels of 25 mg Cu/kg/dy 
produced signs of decreased body weight gains, changes in hematology and blood 
chemistry parameters and liver and kidney necrosis. The investigators conducted a 
similar 5-week dietary investigation where they determined the NOAEL of 5.5 mg 
Cu/kg/dy. No signs of toxicity or clinical changes were found in food intake, body weight 
gain, relative liver weight or activities of aspartate aminotransferase, alanine 
aminotransferase and alkaline phosphatase. 
 
Hebert and NTP (1993) demonstrated a systemic NOAEL for copper sulfate of 1,000 
ppm (32 mg/kg/dy/13 wk) based on a series of subchronic water and food dietary studies 
in rats and mice. The test groups were administered dietary water for 2 weeks, containing 
dose levels of 0, 300, 1,000, 3,000, 10,000 and 30,000 ppm of copper sulfate. The second 
portion of the investigation included the dietary feeding to rats and mice, cupric sulfate 
doses ranging from 500 to 16,000 ppm for 2- and 13-week  exposure periods.  The study 
parameters evaluated included signs of toxicity, hematology, clinical chemistry, 
urinalysis, organ weights and organ to body weight ratios, tissue metal accumulation and 
histopathology. 
 
Results of the 2-week copper sulfate water study, demonstrated that in the three high dose 
groups of both species, there developed extreme dehydration leading to deaths of all 
animals in the 10,000 and 30,000 ppm groups and a few in the 3000 ppm group. The only 
other finding was an increase in eosinophilic protein droplets in the renal proximal 
convoluted tubules in the 300 and 1,000 ppm group male rats. This finding was not 
evident in any of the other rat or mice treatment groups.  
 
The only consistent histological finding in the rats and mice was hyperplasia with 
hyperkaratosis of the squamous cell mucosa between the fore stomach and glandular 
stomach. The copper sulfate NOAEL for stomach hyperplasia in the rat and mouse was 
1,000 and 2,000 ppm, respectively.  The rat dose of 1,000 ppm copper sulfate calculates  
to approximately 102-113 mg/kg/dy (40-45 mg Cu/kg/dy) male and female, respectively, 
while the mouse dose is estimated to be 95-140 mg/kg/dy (38 and 55 mg Cu/kg/dy) male 
and female, respectively (Hebert and NTP, 1993).  
 
The NTP investigations also revealed that the kidney, liver and hematological systems 
are considered the target organs for copper sulfate toxicity. Rats were more sensitive to 
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the systemic effects of copper sulfate than mice since they did not demonstrate any renal 
or hepatic histopathological or hematological changes.  
 
Renal histopathological changes associated with copper sulfate feeding in rat groups 
receiving 2,000 to 8,000 ppm were dose related and consisted of eosinophilic protein 
droplets in the lumina of the proximal convoluted tubules. The systemic NOAEL was 
found in the rat female 13-week feeding group of 500 ppm (32 mg/kg/dy) based on renal 
toxicity (NTP, 1993). Other investigators of copper toxicology studies have described 
similar kidney pathology in addition to nuclear enlargement and degeneration and 
necrosis of the renal tubular epithelium (Wolff, 1960; Gopinath, 1974; Haywood, 1980 
and 1985a,b).  
 
The NTP subchronic feeding study also demonstrated evidence of liver toxicity by the 
findings of elevated serum hepatic enzymes supported by histopathological evidence of a 
chronic-active hepatocyte inflammation and necrosis and increased serum bile associated 
with cholestasis. The NOAEL for liver toxicity was 1,000 and 2,000 ppm (64 and 135 
mg/kg/dy/13 wk) for male and female rats, respectively. Other investigators studying 
copper toxicology have described similar hepatic findings (Todd, 1963; Singh, 1968; 
Haywood, 1980; Kumar, 1987). 
 
Haywood (1980, 1985a and 1985b) found that the liver and kidney damage associated 
with subchronic dosing of 3,000 ppm copper sulfate in rats, demonstrated severe 
inflammation and damage initially during weeks 2-5, followed by a progressive recovery 
to week 15. Histopathological findings at the end of the study suggested that the animals 
were able to adapt to the toxic effects of the chemical. The rats in the NTP study did not 
demonstrate evidence of significant recovery at the end of the 13 weeks (Hebert and 
NTP, 1993). 
 
Increased intake of copper appears to have an adverse effect on the hematopoetic system 
in rats. Findings from the NTP investigation demonstrated an ineffective erythropoiesis 
that resulted in a transient microcytic anemia. Earlier investigators found that elevated 
copper serum levels interfere with iron absorption and utilization producing microcytic 
anemia (Gipp, 1973; Theil, 1978). Nevertheless, the animals in the NTP study were able 
to stabilize the hematological effect and by the end of the study the blood parameter 
systems had returned to normal (Hebert and NTP, 1993). 

 
Apgar et al (1995) conducted a copper dietary 5-week feeding study with weanling pigs.  
The investigation involved 4 dose groups of 0, 100, 150 or 200 mg/kg/dy that received 
daily dietary levels of copper derived from copper sulfate, the basal diet contained 15 mg 
copper/kg. The average daily body weight gain and food intake increased linearly over 
the 5-week study period. Animals in all dose groups demonstrated linearly improved 
growth performance with the dietary increase in copper. Similarly, the copper 
concentration in the liver, kidneys and brain increased with the increase in dietary copper. 
The study NOAEL was 200 mg/kg/dy. 
 
Results of a human dietary study involving ingestion of a daily diet containing an average 
copper intake of 21 mg Cu/dy (approximately 0.35 mg/kg/dy) for 60 days demonstrated 
that 12% of the dietary copper was retained based on the difference between the average 
intake and elimination. There were no adverse health effects that could be attributed to 
the daily copper intake. The findings from the blood and urine chemistry analyses 
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provided no significant differences between pre and post clinical values (Richelson 
Chemical Co, 1976). 
 

5.11.2  Dermal 
  

A review of the toxicology and scientific literature failed to locate any studies or findings 
concerning the subchronic dermal toxicity of copper or copper salts. 

 
5.11.3 Inhalation 
 

No copper or copper compound subchronic inhalation studies were found in the 
toxicology and scientific literature. Aerial or spray application of copper aquatic 
herbicides is not expected to result in adverse health effects because of the large spray 
particles required to contact the targeted aquatic vegetation. It is unlikely that spray 
equipment nozzles would be adjusted to emit respirable copper-containing mist particles. 
Overexposure to copper spray mist would result primarily in irritation of the upper 
respiratory tract. Since the vapor pressure of copper and copper salts is negligible, no 
adverse health effects are expected from exposure to copper vapor. 

 
5.11.3 Neurotoxicity 

 
A review of the above-discussed copper acute and subchronic toxicology investigations 
reveals that overexposure results primarily in adverse hematological, kidney and liver 
effects. No findings of neurological changes were reported either from observation of the 
treated animals or findings from histopathology examination.  

 
 5.11.4 Immunotoxicity 

 
Copper has proven to be an essential component in the function of the immune system. 
Investigations have determined that feeding animals diets deficient in copper resulted in 
the impairment of humoral-mediated immune responses evident by decreased levels of 
interlukin 2 that is thought to be the mechanism of T cell proliferation. Even marginal 
copper dietary deficiencies demonstrate a decrease in the blood neutrophil count and also 
the cellular ability to produce superoxide anions and kill ingested microorganisms 
(Prohaska, J.R., 1981; Percival, 1998). 
 
Boroskova (1996) dosed guinea pigs with copper sulfate for 28 days and then infected 
them with ascaris suum. The copper treated animals, prior to infection, displayed a 
moderate increase in the T and B cells and no affect on the complement levels. After 
infection the guinea pigs displayed little or no T and B cell response, however there was a 
significant increase in CH50 and AH50 complement when compared to control infected 
animals. The intensity of the infection in copper treated animals was found to be 29% 
lower when compared to controls. 
 
Pocino (1991) found that the immune response in mice dosed with copper sulfate was 
altered in accordance to the antigen, dose and duration of treatment. The animals were 
administered copper in the drinking water at dose levels of 50, 100, 200 or 300 ppm for 3 
to 10 weeks.  When the animals were infected with E. Coli lipopolysaccharide there was 
an increase in the proliferative response in the two low dose groups at 3 weeks, but 
decreased with continued copper exposure. However, animals administered bromelain-
treated mouse erythrocytes, demonstrated an increased proliferative response at all dose 
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levels and exposure times. The DTH response to sheep red blood cells was not modified 
at the 100 ppm dose level but became significantly depressed after prolonged exposure 
for 5 to10 weeks.  

 
5.11.5 Estrogen Disruption 
 

There is no evidence or results from copper toxicology investigations that demonstrate 
overexposure to the element results in any findings or changes associated with adverse 
endocrine function or mimicking effects. The results of the limited copper teratology and 
subchronic studies did not provide any findings of teratogenic potential or other 
developmental changes. The NTP copper sulfate subchronic dietary investigations found 
no adverse reproductive effects based on the evaluation of sperm morphology and vaginal 
cytology (NTP, 1993). 

 
5.12 CHRONIC  TOXICITY 

 
A review of the toxicology and scientific literature did not locate any chronic toxicology 
studies concerning copper or copper compounds used for aquatic herbicide control. 
 
The carcinogenic potential of copper hydroxyquinoline was studied in 2 strains of mice 
(B6C3F1 and B6AKF1). The mice were orally intubated with the test material at a dose 
of 1,000 mg/kg/dy (180.6 mg Cu/kg/dy) for 28 days and then the compound was 
administered in the diet for 78 weeks.  The dietary copper hydroxyquinoline 
concentration was 2800 ppm or 505.6 mg Cu/Kg/dy. At the end of the study the animals 
were sacrificed and examined by gross- and histo-pathology. No carcinogenic findings or 
adverse health effects or pathological changes were found in any of the two treated 
strains of mice when compared to control animals (Bionetics Res. Lab., 1968). 

 
5.13 DEVELOPMENTAL AND REPRODUCTIVE TOXICITY 

 
No FIFRA GLP guideline reproduction or teratology studies have been conducted with 
copper or copper compounds. No multigenerational reproduction studies were found in 
the toxicology and scientific literature. The existing copper developmental studies consist 
of single i.v., i.p., subcutaneous and dietary dosing.   
 
Results of a mouse developmental dietary feeding study involved dosing the dams for 30 
days prior to mating and then continued until day 19 of gestation. Dietary dose levels of 
1,000 ppm copper were not associated with any adverse maternal effects or fetal 
developmental findings. However, dose groups receiving copper dietary levels of 3,000 
and 4,000 ppm (~155 – 207 mg Cu/kg/dy) demonstrated increased fetal mortality, 
decreased litter size and skeletal and other malformations (Reisman, 1987; Janus, 1989). 
 
Kasama (1988) conducted an developmental study in mice administered copper sulfate in 
drinking water at a dose of 6 ppm copper from day 13 of gestation to delivery followed 
by maternal dosing with 5 ppm copper during lactation. Examination of pups at birth 
revealed no significant differences in the incidence of malformations or body weights 
when compared to controls. 
 
Findings from a study involving feeding cattle a diet containing 500 ppm copper sulfate 
for 16 months, did not result in any adverse reproductive effects (NAS, 1980).  
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Results of the NTP rat and mouse copper sulfate subchronic 13-week dietary feeding 
studies provided no evidence of adverse reproductive findings. The rats and mice 
received maximum daily copper sulfate dietary doses up to 4,000 and 8,000 ppm, 
respectively. The investigators measured the affects of the chemical on reproduction by 
conducting vaginal lavages counting relative numbers of leukocytes, nucleated epithelial 
cells and large squamous epithelial cells to ascertain estrous cycle stages. Other 
parameters included measurement of sperm motility and density, weights of testes and 
epididymis and histopathology of reproductive tissues. Based on the parameters 
evaluated, the copper sulfate reproductive NOAEL was 8,000 ppm or 113,000 ug/kg/dy 
(Hebert and NTP, 1993). 
 
In summary, the copper investigations do not meet current guidelines or adequately 
determine the potential reproductive or developmental effects of the copper compounds. 
However, available findings from the previously discussed investigations, indicate that 
subchronic exposure to dose levels greater than 8,000 ppm copper may have adverse 
developmental effects. 

 
5.13.1  Teratology Studies 

 
A review of the available developmental literature concerning the teratogenic effects of 
copper mainly concerned the teratogenic findings associated with deficiency of the 
element rather than adverse affects from exposure to toxic amounts of the chemical. Early 
investigations indicate sheep, cattle, chickens, rats and guinea pigs have displayed 
reproductive and developmental effects, e.g. low fertility, skeletal deformities and 
cardiovascular disorders when fed diets low in copper (O’Dell, 1968; Oster, 1977; EPA, 
1985). 
 
Several teratology studies involved intravenous (i.v.), intraperitoneal (i.p.) and 
subcutaneous dosing of rats and golden hamsters with copper compounds during 
pregnancy have resulted in maternal hemorrhages, aborted fetuses, increased resorption, 
embryo/fetal thoracic wall hernias, encephaloceles, spina bifida, neural tube defects, 
hydrocephalus, microphthalmia and cardiovascular anomalies. Parenteral dosing of 
animals in teratological and reproductive testing is considered inappropriate especially in 
the case of copper since the system is designed to maintain a balance of the element for 
both maternal and fetal nutrition and development. Bolus dosing of copper by i.v., i.p. or 
subcutaneous routes seriously disrupts the normal copper balance leading to toxicological 
and teratological consequences (Ferm, 1974 and 1976; Kirchgessner, 1977; Oster, 1977; 
DiCarlo, 1980; Mason, 1989; Copp, 1990). 
 
Results of a mouse dietary copper sulfate teratology study found that fetuses from dams 
dosed 30 days prior to mating and through day 19 of gestation, demonstrated decreased 
litter size, skeletal and other malformation, e.g. herniated thoracic wall, hydrocephalus, 
rib and vertebra fusion and deaths in the high dose groups of 3,000 and 4,000 ppm. No 
adverse effects were reported in dams or fetuses in the 1,000 ppm group. Findings in the 
1,000 ppm dose group were increased growth rate and decreased mortality when 
compared to control animals. The study NOAEL was 1,000 ppm or approximately 113 
mg/kg/dy (Lecyk, 1980). 
 
Kasama (1989) administered 6 ppm copper orally to pregnant mice during days 13 to 18 
of gestation. No adverse health or developmental effects were observed in the dams or 
fetuses. 
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Barash (1990) found no evidence of malformations in 11 human embryos that had 
developed in utero for 7 to 12 weeks in the presence of a copper intrauterine device 
(IUD). Analyses of embryonic and placental tissue did not detect copper. The investigator 
claims that the rate of copper release from the IUD was approximately 70 ug/dy.  
 
Oster (1977) reported that a review of pregnancy cases involving women with untreated 
Wilson’s Disease (inability to excrete absorbed copper from the system), found that they 
often ended with aborted fetuses, however when the mothers were treated with copper 
chelating agents, e.g. penicillamine, full term pregnancy and normal fetuses resulted.  

 
5.13.2  Reproduction Studies 
  

A review of the toxicology and scientific literature did not indicate that any copper 
multigenerational reproduction study has been conducted.  
 

5.14 MUTAGENIC EFFECTS 
 

It is equivocal, following a review of the mutagenesis testing of the copper compounds as 
to their mutagenic potential. Most of the mutagenic testing has been conducted with 
copper sulfate, probably because of its water solubility. Results of copper sulfate 2-point 
mutation assays with and without S9 activation were negative (Marzin, 1985; Moriya, 
1983). Similar findings were observed in 4 in vitro  copper sulfate and cupric chloride 
DNA assays in bacteria  (Nishioka, 1975; Sorel, 1985; Olivier, 1987). Positive findings 
were determined in 3 copper sulfate chromosomal aberration assays using isolated rat 
hepatocytes and mouse bone marrow. Excluding chromosomal gaps from the assessments 
reduces the incidents of aberration indicating that the results may be equivocal (Sorel, 
1985; Bhunya, 1987; Agarwal, 1990). Findings from the 2-mouse copper sulfate bone 
marrow micronucleus assays demonstrated mixed results (Bhunya, 1987; Tinwell, 1990). 
Positive findings associated with dosing of copper sulfate include a mouse intraperitoneal 
dose related increase in sperm abnormalities, Simian adenovirus cell transformation 
assays and an assay for recessive lethal mutations in Drosophila melogaster (Bhunya, 
1987; Sorel, 1985). 

 
5.15 CARCINOGENICITY REVIEW 
 

No definitive evidence exists indicating that copper compounds are carcinogenic.  A 
review of the investigations to determine the carcinogenic potential of copper are 
inadequately designed and not conducted over the lifetime of the animal.  Based on the 
weight of the evidence from toxicology studies, there is no support for copper being 
considered a carcinogen (Gilman, 1962; EPA, 1984; TDB, 1986). 
 
EPA lists copper as a D carcinogen, meaning that it is not classifiable due to the absence 
of human data, inadequate animal investigations and equivocal mutagenic findings (EPA, 
1991).  
 
No reference dose (RfD) for copper has been established because of the lack of chronic 
toxicological data (EPA, 1991). 
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5.16 EPIDEMIOLOGY REVIEW 
 

A review of the scientific and medical literature provided no citations that any 
epidemiological  investigations concerning  copper compounds have been conducted. 
 
A number of epidemiological investigations have involved copper smelter workers where 
the results indicated a significant statistical increase in the incidence of lung cancer 
among workers having high exposures to arsenic.  Cumulative chemical exposures in 
some investigations revealed similar findings. Analyses of organ tissues at autopsy found 
that the greatest concentration of elements were 2 to 16 times greater in the lungs of 
smelter workers than controls. In nearly all studies there was a positive correlation 
between increased exposure to arsenic and increased incidence of lung cancer. Cigarette 
smoking along with arsenic exposure tended to exacerbate the increased incidence of 
lung cancer. Exposure to copper was not implicated as resulting in an increase in any 
cancers or other adverse health effects (Rencher, 1977; Brune, XX.; Wall, 1980; 
Enterline, 1987; Tshiashala, 1990; Jarup, 1991; Lubin, 2000). No incidents of 
overexposure or poisonings associated with the use of copper-containing antifoulants 
were reported to the Health and Safety Executive’s Pesticide Incidents Appraisal Panel in 
the period 1991-1994 (PSD, 1999). 
 
De Vergara and associates conducted an epidemiological survey of 956 households 
where they analyzed the copper concentrations in tap water and the health status of 
infants residing in the homes. A condition known as Indian Childhood Cirrhosis has been 
claimed to be associated with excessive ingestion of copper from households with copper 
water pipes. The investigators conducted pediatric examination of infants receiving tap 
water containing 0.8 mg copper/L or greater. Only 2% of the household tap water 
samples contained copper levels of this magnitude. Medical examination of the infants 
did not detect any adverse health effects or evidence of liver enzyme elevation (De 
Vergara, 1999). 
 

5.17 HUMAN CASE REPORTS AND STUDIES 
 

Unlike other aquatic herbicides, copper is an essential trace element for human blood 
heme synthesis and iron absorption. As with all substances, it is the dose that determines 
whether copper either maintains life or causes signs and symptoms of poisoning. The 
average daily dietary intake of copper in the US is approximately 1.0 mg. The amount of 
copper that absorbs into the system from dietary intake is about 65% to 70%, depending 
on the chemical form, interactions with other metals and dietary components (Barceloux, 
1999). 
 
Pizzaro (1999) conducted a human volunteer study where four groups of people received 
either 0, 1, 3 or 5 mg copper/L/day for 14 days in their drinking water. Some individuals 
in the two high dose test groups demonstrated a 17% and 15% incidence rate of nausea, 
abdominal pain and vomiting during the test period, respectively. The investigators 
concluded that future human copper exposure studies should include a greater number of 
subjects to better define threshold doses for the various gastrointestinal effects. 
 
Copper was used in medicine as an emetic, but discontinued because of the potential 
associated systemic toxicity as evidenced by an organoleptic effect (offensive repulsive 
metallic taste), nausea, epigastric pain, vomiting, blood disorders, e.g. hemoglobinuria 
and hemolysis; centrilobular liver necrosis, oliguria, anuria and hematuria The emetic 
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dose range for copper sulfate in an adult is 250 to 500 mg (3.6 –7.0 mg/kg) and usually 
effective within 10 to 15 minutes (Ellenhorn, 1988; Gosselin, 1984). 
 
Cases involving ingestion of large amounts of copper have demonstrated massive 
intravascular hemolysis that results in an acute hemolytic crisis leading to moderate to 
severe jaundice, decrease in urinary output, kidney tubular necrosis, convulsions, coma, 
shock and death (Gosselin, 1984). 

 
Copper aquatic herbicide application workers have the greatest potential for overexposure 
to the concentrated formulations. Depending upon the degree and duration of 
overexposure, dermal and eye contact with concentrated copper herbicide products may 
result in moderate to severe skin and eye irritation. A review of the California Pesticide 
Illness Surveillance Program reports by physicians during 1993 and 1994, indicate that 
overexposure to copper compounds in terrestrial agricultural activity primarily resulted in 
skin or eye irritation. There were no case reports of illness or injury due to contact with 
water treated with copper aquatic herbicides (CA EPA, 1995 and 1996). Similarly, no 
deaths or serious systemic copper poisonings were listed in a review of California 
physician reported cases between 1949 – 1988 (Maddy, 1990).  
 
The Washington Department of Health (WDOH), Pesticide and Surveillance Section, 
have not received any public reports concerning complaints of adverse health effects 
associated with the copper products used for aquatic herbicidal control during the years 
of 1993 through 1999 (WDOE, 2001). 
 
Since copper has a negligible vapor pressure, no systemic toxicity, skin, eye or 
respiratory tract irritation effects are expected from exposure to copper vapor by either 
applicators or persons contacting treated water.  
 
Overexposure to spray mist from aerial application of some concentrated copper 
herbicide formulations or strong tank mix dilutions may result in moderate to severe 
irritation to the eyes (Table 2).  However, in the case of eye contact with copper treated 
water, it is unlikely that any eye irritation will occur due to the significant water dilution 
and removal through degradation and binding of the element.  
 
In summary, reports of adverse human health effects associated with overexposure 
during use of copper fungicides and herbicides, appear to be due to the irritation 
potential of the chemicals on the digestive tract resulting in signs and/or symptoms of 
nausea, abdominal pain and vomiting.  Systemic poisoning is unlikely to occur from 
exposure to water treated with copper aquatic herbicides due to the poor skin penetration 
and emetic effect of copper, the huge water dilution factor and low product label use-
rates. It is because of the reduced potential exposure to copper that the WDOE has not 
recommended any restrictions for re-entry into copper-treated water, use of the water for 
domestic purposes or as a source of drinking water and eating of fish.  
 

5.17.1  Human Neurological Case Reports 
 

There are no reports in the scientific and medical literature listing any findings that either 
animal or human overexposure to copper has resulted in adverse affects to the central or 
peripheral nervous systems.  The WDOH has not received any reports of neurological 
effects concerning exposure to copper spray mist, swallowing of treated water while 
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swimming or in situations where the treated water was used as a drinking water source 
(WDOH, 2001).   

 
 5.17.2 Human Reproduction Case Reports 
 

A review of the available copper animal toxicology studies failed to demonstrate any 
findings of adverse developmental and reproductive effects (NTP, 1993). Further, no 
reports were found in the scientific and medical literature associating exposure to copper 
with any human teratology or reproductive dysfunction.  

 
5.17.3 Chronic Toxicity 

 
A review of the medical and scientific literature did not provide any findings or reports of 
adverse health effects associated with chronic, subchronic or acute copper exposure to 
water treated with aquatic herbicidal products. Neither chronic or subchronic exposure 
following application of copper herbicides would be expected because of the difficulty 
involved in absorbing a sufficient dose from contacting treated vegetation, soil and water 
where the chemical has been significantly decomposed, bound or diluted. Secondly, 
copper is not highly toxic and is poorly absorbed through the skin. Thirdly, the kidneys 
and biliary excretion rapidly eliminate excess copper that enters the system. 
 
As previously mentioned, the WDOH has not received any reports of adverse health 
effects associated with exposure to copper herbicide treated water (WDOH, 2001). 
 

5.18 EXPOSURE AND RISK ASSESSMENTS 
 

The exposure and risk assessments associated with use of copper as an aquatic herbicide 
are presented in the following tables concerning persons engaged in swimming, drinking 
both potable and treated surface water and eating fish from water where the chemical has 
been applied. The different types of daily exposures and risk assessments were calculated 
for both individual and combined scenarios. Based on the estimated copper exposures, 
the risk assessments were determined by calculating the margins of safety (MOS). The 
exposure and risk assessment calculations were conducted based on the maximum label 
use-rate of 1.0 ppm or mg/L copper (EPA, 1985).  
 
The Maximum Allowable Level in Drinking Water (MALDW) of 1,300 ug/L was used 
for exposure and risk assessment calculations for potable or household use water (Safe 
Drinking Water Act, 1974).   
 
Therefore, the calculations presented in the following tables concerning copper estimated 
exposures and risk assessments are established on the initial copper water concentration 
of 1.0 mg/L, time spent swimming ranging from 0.5 to 3 hours and body weights of 22, 
35 and 70 kgs for 6 and 10 year old children and adults, respectively.   

 
Table 3 lists the copper quantitative toxicology parameters that were utilized in 
conducting the exposure and risk assessments. Since chronic and reproduction studies 
have not been conducted for copper, the results of the NTP subchronic dietary copper 
sulfate studies provided the lowest NOAEL of 32,000 ug/kg/dy for calculating the 
systemic MOSs. Also, due to the absence of chronic toxicology data, no reference dose 
(RfD) for copper has been established (NTP, 1993). 
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The copper dermal parameters, based on a cat skin absorption rate of 3.3%/24 hours, was 
used to estimate the permeability coefficient and flux rates in order to calculate the 
herbicide dermal exposures following contact with treated water, see Tables 6-9 (Sorel, 
1985; USEPA, 1993; Lunchick, 1994). 
 
Based on the copper maximum use-rate, the exposure and risk assessments were 
conducted for persons exposed to water containing 1.0 ppm copper during the first 24 
hours. A review of the MOS calculations indicates a large safety factor in all exposure 
cases so that risk assessments were not necessary for exposures beyond day one. As 
discussed above, the copper concentrations decrease as the element becomes diluted and 
bound to suspended particulate, vegetation and sediment bottoms (McIntosh, 1975).  
 
Since copper compounds are applied primarily by subsurface injection for aquatic weed 
control, exposure to spray mist or vapor is unlikely. Due to the expected insignificant 
copper exposure to either applicators or bystanders, no exposure or risk assessments were 
conducted. 
 
Copper is regulated under the Safe Drinking Water Act and currently has a maximum 
allowable level in drinking water (MALDW) of 1.3 mg/L (EPA Safe Drinking Water 
Act). The MALDW was used to determine exposure and risk calculations for potable 
water while the copper maximum label use-rate of 1.0 mg/L served in the calculations 
concerning swimming and drinking treated surface water exposures (EPA Safe Drinking 
Water Act, 1974).   

 
One of the purposes of conducting a review and health risk assessment for use of copper 
as an aquatic herbicide is to determine whether swimming or contacting water treated 
according to product label directions, poses a human health concern. The potential 
adverse health effects are discussed in this section and the exposure dose and risk 
assessment calculations presented in Tables 6-9.   
 
However, before addressing the exposure to copper herbicide treated water, it is 
important to understand the toxicity classifications of undiluted copper compounds 
according to the results of the acute animal toxicology studies summarized in Table 1. 
Also, in Table 2 are listed the copper herbicide formulations used by WDOE and their 
FIFRA Toxicity Classifications as determined by a review of their label signal words and 
precautionary statements. As presented in Tables 1 and 2, the results of the copper 
compound and product acute oral and dermal animal toxicology studies demonstrate that 
the chemical is not considered highly toxic and classed in FIFRA Toxicity Categories III 
and IV.  A review of Table 2 reveals that the most significant toxicology findings 
concerning nearly all the concentrated copper herbicide formulations is the moderate to 
severe skin and eye irritation as evidenced by some products being classed in FIFRA 
categories I and II.  Section 5.10 of this document, discusses how the studies are designed 
to maximize the skin and eye irritation potential testing the concentrated formulations.  

 
One of the reasons for conducting the animal acute toxicology studies is to provide 
results for determining the product label warning signal word and precautionary and first-
aid statements based on FIFRA toxicity criteria. Thus, most of the findings from the 
copper-containing herbicides acute toxicology studies require the “DANGER” label 
signal word and the precautionary statements: 
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“DANGER: Corrosive. Causes Irreversible Eye Damage and Skin Burns. 
Harmful if  Swallowed or Inhaled.. Prolonged or Frequently Repeated Skin 
Contact with Herbicide Concentrate May Cause an Allergic Skin Reaction in 
Some Individuals.”  

 
Most of the copper herbicide products, in their undiluted forms, are moderate to severe 
skin and eye irritants. However, their irritation potential significantly decreases once the 
products have been applied to water according to label directions, because they become 
diluted by the water volume, absorb into vegetation, begin degradation and bind to 
suspended particulate and sediment. The decrease in the amount of free copper in the 
treated water reduces the amount of chemical available for exposure, thus decreasing the 
potential for systemic toxicity and skin and eye irritation. The following discussion and 
tables concern the calculated exposure doses and associated health risk assessments to 
swimmers and others receiving various types of exposure to the aquatically applied 
herbicide.  

 
• Swimming 

 
The exposure and risk assessment parameters regarding persons swimming in 
copper-treated water are presented in Tables 6-9. Calculation of copper exposures 
utilized the swimmer’s weight (kg), the skin surface area available for exposure 
(cm2), the amount of time (hours) spent in the treated water containing 1.0 ppm 
copper, amount of water swallowed while swimming during specific time periods 
and the estimated human skin permeability coefficient. 
 
Tables 6-9 list the estimated copper oral and dermal exposures and risk assessments 
for swimmers. The exposure conditions are defined in Table 6.  Based on the 
calculations, it appears that a swimmer’s greatest copper exposure occurs from 
incidental ingestion of water. It is estimated that a swimmer swallows approximately 
50 ml (nearly 2 ounces) of water/hour (Lunchick, 1994). As presented in Table 9, 
approximately 93% to 98% of the swimmers’ exposure to copper occurs through 
incidental ingestion of water. 

 
A review of Table 9 indicates that even the highest exposure situation involving the 6 
year old (22 kg) group spending 3 hours swimming in water containing 1.0 ppm 
copper is well above the MOS of 100, demonstrating a significantly large safety 
factor. 

 
Calculated exposures listed in Tables 7, 8 and 9 reveal that the swimmers’ dermal copper 
exposures are insignificant compared to the oral exposures as supported by the large 
MOSs. 
 
A review of Table 8 indicates that the dermal route comprises approximately 2% to 7% 
of the total swimmer exposure to copper. 
 
Copper exposure through ingestion and dermal contact with sediment is considered 
insignificant because of the huge water dilution factor, rapid decomposition and 
photolysis, adsorption by aquatic plants and incorporation into particulate matter and 
sediments. The persistence of copper in water is minimal due to these properties. 
Therefore, exposure to copper from either ingestion or contact with sediments was not 
calculated as part of the exposure and health risk assessment evaluation in this document. 
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Any vapor emitted from treated water would be negligible, therefore vapor exposure 
is an insignificant route of exposure (Kidd, 1991). No exposure or risk assessments 
regarding swimmer or bystander exposure to copper vapor from treated water has 
been included in this document. Also, occupational exposure to copper during 
mixing, loading and applying the various formulations was not discussed. As 
mentioned previously, inhalation of copper spray mist is not considered since the 
subsurface injection is the major route of application for aquatic weed control.  

 
Extensive eye contact with water containing 1.0 ppm copper may result in the 
swimmer experiencing some possible chemical associated temporary minor eye 
irritation. However, even sustained eye contact with water not containing copper 
produces some minor eye inflammation.  Therefore, minor eye irritation following 
swimming in copper treated water is not considered to be a significant problem. For 
this reason WDOE places no time restrictions on swimming in water treated with 
copper herbicides. 

 
In summary, it appears that persons swimming in water treated with the highest 
copper use-rate of 1.0 ppm are not expected to experience significant adverse health 
effects. This conclusion is based on the results of the toxicology studies, the product 
use-rate, rapid aquatic decomposition and low systemic toxicity. Table 7 presents a 
worst case situation where a 6-year old child would have to drink approximately 186 
gallons of water containing 1.0 ppm copper during a 3-hour swimming period to 
obtain a dose equivalent to the systemic NOAEL dose of 32,000 mg/kg/dy. 

 
• Drinking Water Source  

 
Drinking water sources do not appear to be significant routes of copper exposure that 
would result in adverse health effects. Table 10 demonstrates that potable drinking 
water containing the copper MALDW of 1.3 ppm or 1,300 ug/L does not present a 
significant exposure or health risk. The calculations assume daily ingestion of 1 to 2 
liters of water containing 1,000-ug copper/L for 6- and 10year old children. The 
MALDW represents the copper concentration in drinking water that is not expected 
to cause any adverse health effects. A 6-year-old (22 kg) child would need to drink 
approximately 143 gallons/day of water containing 1,300 ug/L triclopyr to obtain the 
systemic toxicity NOAEL dose of 32,000 mg/kg/dy. 
 
Table 11 presents dose levels received following ingestion of drinking water from 
copper treated surface water containing 1.0 mg/L. This is a lesser amount when 
comparison to the MALDW calculated dose. The worst case exposure situation 
involves the 6-year old who would need to drink approximately 186 gallons of 
copper treated water each day to equal the systemic NOAEL of 32,000 ug/kg/dy. 

 
• Fish 

 
Consumption of fish taken from copper-treated bodies of water appears to be a minor 
potential dietary source of exposure to the chemical. Copper does not bioconcentrate 
in fish. However, tissue concentrations of 1.1 mg/kg have been detected in fish taken 
from treated water (EPA, 1985). Based on the dose calculations in Table 11, it does 
not appear that ingestion of fish from copper treated water poses any significant 
health problem or risk. 
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• Total Daily Exposure 
 

Tables 13 and 14 reveal that there are no significant adverse health effects or risk 
assessments associated with aggregate or total daily-calculated copper exposure. The 
difference in the two tables concerns potable compared to the copper-treated surface 
water as sources of daily drinking water, e.g. ponds, lakes and rivers. Since ingestion 
of water accounts for the greatest potential exposure to copper, both sets of exposure 
estimates and risk assessments are presented. The total daily exposures listed are the 
summation of copper daily dose levels received from swimming (Table 9), type of 
drinking water source (Tables 10 and 11) and ingestion of fish (Table 12).   
 
The MOSs calculated in both tables demonstrate a wide range of safety when all 
major routes of daily exposure to copper have been combined and compared to the 
lowest animal toxicology study systemic NOAEL. 

 
5.19  CONCLUSION 
 

Based on the copper aquatic herbicide label use-rates, environmental fate, results of 
the toxicology studies and the aggregate or combined daily exposure and risk 
assessments, there is no evidence to support that use of copper products for aquatic 
weed control, poses any human health concerns.  
 
Significant wide margins of safety (MOSs) have been determined for all individual and 
combined exposure scenarios. This finding can be seen in the worst case exposure 
situation where a 6-year old (22 kg) person, swimming for 3 hours in copper-treated 
water, drinking daily potable water containing 1.3 mg/L copper and eating fish with 
tissue copper concentrations of 1,100 ug/kg, demonstrated a significantly large MOS.  
To put the case in perspective, the 22 kg child would have to swim in water containing 
1.0 ppm copper for 14,118 hours, drink approximately 186 gallons of treated water or 
eat typical dietary amounts of fish containing 1.1 ppm copper for 484 days in order to 
attain the systemic MOS of 32,000 ug/kg/dy. Therefore, based on the above discussion, 
the WDOE has not placed any time restrictions on copper treated water for either 
reentry, swimming, domestic and drinking use of the water or fishing. 
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Table 1: Copper Compounds Acute Toxicology 
 

Study Results 
(mg/kg) 

Toxicity1 
Category 

Reference 

Acute Oral  
   Rats 

LD50 = 960  
   copper sulfate 

III Stokinger, 1981 

Acute Dermal  
   Rabbits 

LD 50 = >2,000  
   copper (I) oxide 

III Unpublished 22, 1991 

Acute Inhalation 
   Rats 

LC50 = 5.36 mg/l  
   copper (I) oxide 

IV Unpublished 26, 1985 

Skin Irritation 
   Rabbits 

Non-Irritating  
   copper sulfate 

IV Unpublished 33, 1990 

Eye Irritation 
   Rabbits 

Non-Irritating  
   copper (I) oxide 

IV Unpublished 34, 1988 

Skin Sensitization Not a Skin Sensitizer in Guinea Pigs  
  copper thiocyanate 
  copper (I) oxide 
  Rare Human Skin Sensitizer 

  
Unpublished 38, 1986 
Unpublished 39, 1988 
Zabel, 1990 

     
1 EPA FIFRA Acute Toxicity Categories (I = most toxic and/or irritating; IV = least toxic and/or 

irritating) 
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Table 2: Acute Toxicity: FIFRA Toxicity Classifications1 
 

WDOE  Listed Copper Aquatic Herbicide  Products 
 

Product2 Oral Dermal Inhalation Skin 
Irritation 

Eye 
Irritation 

Skin 
Sensitization 

Triangle® Brand Copper Sulfate   
 (25.2% Cu) 

III III III I I + 

Clearigate®   
   (3.8% Cu) 

III II III I I - 

Captain™ 
(9.1% Cu) 

II III III I I + 

Cutrine®-Plus 
(9% Cu) 

III III III I I + 

Cutrine®-Plus Granular 
(3.7% Cu) 

IV IV IV III III - 

Nautique™ 
(9.1% Cu) 

III II IV I I + 

Earthtec® 
(5% Cu) 

III III III I II - 

Komeen™ 
(8% Cu) 

III IV IV IV IV - 

K-Tea™ 
(8% Cu) 

III III II IV III + 

 
1 The listed FIFRA toxicity categories are based on the signal word and  precautionary statements 

appearing on the copper product labels. Actual acute product toxicology studies were not available for 
review. 

2 Label use-rate 1.0 ppm or mg/L or ug/ml copper 
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Table  3: Copper Toxicology Quantitative Parameters 
 

Regulatory Guideline 
 

Dose (mg/kg/dy) Reference 

Toxicology 
Subchronic NOAEL – Rat  32 mg/kg/dy/90 dys (NTP, 1993) 
Chronic NOAEL Not Available  
Chronic RfD Not Available  
Teratology NOAEL – Mice 113 mg/kg/dy (Lecyk, 1980) 
Reproduction NOAEL Not Available 

 
 

Cancer Classification 
EPA  Group D (not classifiable as to 

human Carcinogenicity) 
IARC  Not Evaluated 

 
Dermal 
Absorption = ~3.3%/ 24-hours – Cat (Sorel, 1985) 
Estimated Permeability Coefficient = 1 x 10-4 cm/hr 
Estimated Flux Rate (1.0 ppm use-rate) = 1.0 x 10-4 mg/cm2/ hr 
 
Inhalation Workplace Exposure Standards 
American Conference of Governmental Hygienists 
Threshold Limit Value (TLV) = 1 mg/M3 for copper inorganic compounds, as copper inhalable particulate 
dust and mists (ACGIH, 1997). 
 
Permissible Exposure Level (PEL) = 1 mg/M3 for copper dusts or mists (OSHA, 1994) 
 
Estimated Ambient Air Copper Levels USA (Aaseth, 1986)  
Urban = 570 ng/M3 
Rural = 10 ng/M3 
 
Copper Compound Product Label Use-Rates 
Maximum use-rate is 1.0 ppm copper. The copper compound product labels state that treated water may be 
used immediately after application for swimming, fishing, livestock watering, irrigation of crop and non-
crop planting, agricultural sprays, or for household purposes (WDOE Listed Copper Herbicide Products, 
see Table 2). 
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Table  4: Copper  Health  Advisories 
 
 
Drinking Water 
 MALDWa   1.3 mg/L or 1,300 ug/L (EPA, Safe Drinking Water Act) 
 MCLGb   NA 
 MCLc    NA 
 DWELd   NA 
 1 day HAe     NA  

10 day HAf   NA 
 Longer term HAg    NA 
 Longer term HAg   NA 
 Tolerance Potable Water =  NA 
 MAC (UK)   3 mg/L (DOH, 1991) 
 MAC (WHO)   2    “     (WHO, 1982) 
 MTDI (WHO)   0.5 mg/kg/dy (WHO, 1982) 
 Max SLDW   1 mg copper sulfate/L 
 Organoleptic Control Level     1 mg/L (EPA, 1988) 
 Human Test Threshold Copper Sulfate in Tap Water  = 2.6 mg/L  (Zacarias, 2001) 
 Human Copper Sulfate Associated GI effects = > 3 mg/L/dy/3 wks (Pizarro, 1999) 
 
Dietary    
 ADI  = NA 

Safe Dietary Intake Adults = 1.5 – 3 mg/dy  (Inst. Med., 1989) 
 Safe Dietary Intake Infants = 0.4 – 0.6 mg/dy (Inst. Med., 1989) 
 Estimated Daily Dietary Intake Adult = 15 –45 ug/kg/dy (Aaseth, 1986) 

Human Acceptable Daily Copper Intake = 10 – 50 ug/kg/dy (Aggett, 1999) 
Human (adult) Mean Daily Copper Intake = 4-5 mg/dy (Venugopal, 1978) 

 
Tolerance 
Copper is exempt from the requirement of a tolerance in meat, milk, poultry, eggs, fish, shellfish and 
irrigated crops when it results from the us: (a) Copper sulfate as an algaecide or herbicide in irrigation 
conveyance systems and lakes, ponds, reservoirs, or bodies of water in which fish or shellfish are 
cultivated. (b) Basic copper carbonate (malachite) as an algaecide or herbicide in impounded and stagnant 
bodies of water. (c) Copper triethanolamine and copper monoethanolamine as an algaecide or herbicide in 
fish hatcheries, lakes, ponds, and reservoirs. (d) Cuprous oxide bearing antifouling coatings for control of 
algae or other organisms on submerged concrete or other (irrigation) structures (CFR, 1993). 
   
a. Maximum Allowable Level in Drinking Water – EPA established level for copper in drinking water to 

protect against short-term gastrointestinal tract problems (Safe Drinking Water Act). 
b. Maximum Contamination Level Goal – A non-enforceable concentration of a drinking water 

contamination that is protective of adverse human health effects and allows an adequate MOS. 
c. Maximum Contamination Level – Not established for  triclopyr. Tryiclopyr not regulated under the 

Safe Drinking Water Act. 
d. Drinking Water Equivalent Level – A lifetime exposure concentration protective of adverse, 

noncancer health effects that assumes all of the exposure to a contaminant that is from a drinking 
water source. 

e. One day health advisory – concentration of a chemical in drinking water that is not expected to cause 
any adverse non carcinogenic effects for up to 5 consecutive days of exposure, with a MOS. 

f. Ten day health advisory – same as one day HA for up to 14 consecutive days of exposure, with MOS 
g. Longer term health advisory – same as one day HA for up to 7 years (10% of lifetime of exposure) 

consecutive exposure, with MOS. 
h. Lifetime health advisory – same as one day health advisory for a lifetime of exposure, with MOS. 
 
Reference: USEPA, 1998 
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Table  5: Copper Risk Assessment Noncarcinogenic Parameters 
 

Effect Study NOEL LEL Reference 

Systemic 
Toxicity 

Subchronic 90-Day Rat Dietary  
Doses: 0, 32, 64, 129, 259 or 551  
mg/kg/dy 

 32 mg/kg/dy or 
32,000 ug/kg/dy 

64 
mg/kg/dy  

Hebert, 1993; 
NTP, 1993 

Reproduction 
Toxicology 

Not Available (NA) NA NA NA 

Teratology Mice dosed 1 month prior to 
mating. Dams sacrificed day 19 
of gestation.  
Doses: 0, 57, 113, 170, 226, 340 
or 452 mg/kg/dy 

Developmental 
effects  113 
mg/kg/dy        
Maternal 
toxicity  113 
mg/kg/dy        

 
170 mat 
tox 
& devel  

Lecyk, 1980 
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Table  6: Swimming:  Copper Aquatic Exposure and Risk Assessment Parameters 
 

Subjects 
Age Weight (kg) Pounds Body Surface Area (cm2) 
6  years 22 48 8,800 

10  years 35 77 12,000 
Adult 70 154 18,000 

Water  Exposure  Time (Hours) 

 

0.5  
1.0 
2.0 
3.0 
 

Amount Of Water Ingested During Swimming 
 

25 ml/0.5 hours 
50 ml/ l hour 
100 ml/ 2 hours 
150 ml/ 3 hours 
 

Copper Compound Constants 
 
Maximum use-rate = 1.0 ppm or 1.0 mg/L of water  
    or 1,000 ug/L  or 1.0 ug/ml 
Estimated Permeability Coefficient (skin) = 1 x 10-4 cm/hr 
Octanol/Water Partition Coefficient = NA 
Vapor pressure =  Nonvolatile (Kidd, 1991) 
Water Solubility = 316 gm copper sulfate/L @ 0oC (Hayes, 1991) 
 
Aquatic Environmental Fate 
 
Copper sulfate is very soluble in water and becomes complexed or bound by aquatic suspended 
particulate, vegetation, sediment bottoms, photolysis, hydrolysis and microbial degradation. All of 
these factors act to reduce the amount of bioavailable copper. Only a small amount of total copper in 
the aqueous and solid phases in the aquatic environment becomes bioavailable. Natural waters have a 
capacity to complex “free” copper to remove the element from solution (PSD, 1999). 
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Table  7: Swimming: Copper Oral Exposure and Risk Assessment1 
 

Age 
(yrs) 

Wt 
(kg) 

Exposure 
Time 
(hrs) 

Water 
Ingested 

(mls) 

Copper* Total 
Exposure 

(ugs) 

Daily 
Oral Dose 
(ug/ml/kg)2 

 
Margin of safety 

 Systemic 
32,000 ug/kg/dy 

Teratology 
113,000 ug/kg/dy 

1.0 ppm use-rate or 1,000 ug/L or 1.0 ug/ml 

6 22 0.5 25 25 1.1 29,100 102,700 
  1.0 50 50 2.3 13,900 49,130 
  2.0 100 100 4.5 7,111 25,100 
  34 150 150 6.8 4,705 16,600 

 
10 35 0.5 25 25 0.7 45,700 161,400 

  1.0 50 50 1.4 22,850 80,700 
  2.0 100 100 3.0 10,700 37,700 
  3.0 150 150 4.3 7,400 26,300 

 
Adults 70 0.5 25 25 0.4 80,000 282,500 

  1.0 50 50 0.7 45,700 161,400 
  2.0 100 100 1.4 22,850 80,700 
  3.0 150 150 2.1 15,000 53,800 

 
1 Oral Exposure = Exposure Time (hrs) X 50 ml (water ingested/hr) X Copper water con. (ppm) 
2 Oral Dose = Oral Exposure (ug/dy) / Body Wt (kg) 
         = ug/kg/day 
***No reproduction study has been conducted with copper, therefore the teratology NOEL was used. 
4 Requires the ingestion of ~ 186 gallons of water containing 1.0 ppm copper each day during 3 hrs 

swimming to equal the systemic NOAEL dose of 32,000 ug/kg/dy 
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Table 8: Swimming: Copper Dermal Exposure and Risk Assessment1 
 

 
Dermal Exposure  (ug/day) = Exposure time (hrs) x SA x Flux Rate 

 
Dermal Dose (ug/kg/dy) = Dermal Exposure / Body Weight (kg)  

               
  ET = Exposure Time (0.5, 1.0, 2.0 or 3.0 hours swimming/day) 
  SA = Total Body Surface Area (cm2) 
  Estimated Permeability Coefficient = 1 x 10-4 cm/hr 
  Flux Rate = Permeability coefficient x copper water concentration 
       (1.0 x 10-4) x 1.0 ppb or ug/ml or 1,000 ug/L = 1.0 x 10-4 ug/cm2/hr                  
  TDD = Total Daily Copper Exposure / Body Weight (expressed below in ug/kg/day) 
  BW = Body Weight (kg) 
 

Age 
(yrs) 

Wt 
(kg) 

Exposure 
Time 
(hrs) 

Body 
Surface 

Area 
(cm2) 

Flux 
Rate 

Dose/Day 
Dermal 

(ug/kg/day) 

 
Margin  of  Safety 

 Systemic 
32,000 ug/kg/day 

Repro Tox 
113,000 ug/kg/day 

1.0 ppm use-rate or 1,000 ug/L or 1.0 ug/ml 
6 22 0.5 8,800 1.0 x 10-4 0.02 1,600,000 2 

  1.0   0.4 800,000  
  2.0   0.08 400,000  
  3.0   0.12 266,666  

 
10 35 0.5 12,000 1.0 x 10-4 0.017 1,882,350  

  1.0   0.034 941,176  
  2.0   0.07 457,143  
  3.0   0.1 320,000  

 
Adult 70 0.5 18,000 1.0 x 10-4 0.013 2,461,540  

  1.0   0.026 1,230,770  
  2.0   0.05 640,000  
  3.0   0.08 400,000  

 
1 Due to the low amounts of  the copper  dermal doses calculated for the 1,000 ug/L maximum use rate,  no 

calculations were conducted to determine doses at the MALDW of 1,300 ug/L. 
 
2 No calculations for the teratology  MOSs because of large systemic NOAELs. 
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Table  9: Swimming:  Copper  Total  Exposure  and  Assessment 
 

Total Copper Exposure = Total Oral + Total Dermal 
(ug/kg/dy) 

Age Wt Exposure 
Time 

Oral  
(ug/kg/dy) 

[% total 
exposure] 

Dermal 
(ug/kg/dy) 

Total 
 (ug/kg/dy) 

Margin of safety 

 Systemic 
32,000 

ug/kg/dy 

Teratology 
113,000 
ug/kg/dy 

1.0 ppm or 1,000  or  1.0 ug/L max use-rate 
 

6 22 0.5 1.1 97 0.02 1.13 28,319 1 

  1.0 2.3 98 0.04 2.34 13,678  
  2.0 4.5 98 0.08 4.58 6,987  
  3.02 6.8 98 0.12 6.92 4,624  
 
10 35 0.5 0.7 97 0.017 0.72 44,444  
  1.0  1.4 98 0.034 1.43 22,857  
  2.0 3.0 97 0.07 3.1 10,323  
  3.0 4.3 98 0.01 4.4 7,273  
 
Adult 70 0.5 0.4 97 0.013 0.4 80,000  
  1.0  0.7 96 0.026 0.73  43,836  
  2.0  1.4 93 0.05 1.5 21,333  
  3.0 2.1  96 0.08 2.2 14,545  

 
1 No calculations for teratology MOSs were conducted because of the large systemic MOSs having a 

nearly 3.5 times lower NOAEL.  
2 Requires ingestion of approximately 186 gallons of water containing  1,000 ug copper/L during 3 hours 

swimming each day to equal the systemic NOAEL of 32,000 ug/kg/day. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Supplemental Environmental Impact Statement Assessments of Aquatic Herbicides: 
DRAFT Volume 6 – Copper, Section 5 – HUMAN HEALTH EFFECTS  

Vol. 6, Sect. 5 Page 50  



Table  10: Copper Exposure  and Risk  Assessment: Drinking  Potable  Water 
 
 
PARAMETERS: 
 
  Maximum Allowable Level in Drinking Water (MALDW) = 1.3 mg copper/ L water 
        = 1,300 ug/L or 1.3 ug/ml1 
 Drinking Water Intake/Day 
 
  6 year old = 1000 ml or 1.0 liters 
            10    “    “   =  1000 ml or 1.0 liters 
            Adult          =  2000 ml or 2.0 liters 
 

Age 
(yrs) 

Wt 
(kg) 

Copper 
Exposure  

(ug) 

Water dose 
(ug/kg/dy) 

 
Margin of safety 

 Systemic  32,000 
ug/kg/dy 

Teratology 
113,000 ug/kg/dy 

6 22 1,300 59 542* 1,915 
10 35 1,300 37 865 3,054 

Adult 70 2,600 37 865 3,054 
 
1 A 22 kg child needs to drink approximately 143 gallons of water each day containing the MALDW  of 

1,300 ug/L copper to equal the systemic NOAEL of 32,000 ug/kg/dy. 
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Table  11: Copper Exposure and Risk Assessment: Drinking Treated Surface Water 
   

 
ORAL EXPOSURE (OE) = IR x WC 

 
   ORAL DOSE (OD) = OE / BW 
 
    OE = Oral Exposure (ug/day) 
    IR  =  Ingestion Rate (6 and 10 year olds 1 liter/day; adult 2 liters/day) 
    WC = Water Concentration (1.0 mg/L or 1000 ug/ml) 
    OD = Oral Dose (ug/kg/dy) 
    BW = Body Weight (kg) 
 
Age 
(yrs) 

Wt 
(kg) 

Ir 
L/dy 

Oe 
Ug/dy 

Od 
Ug/kg/dy 

Margin of Safety 

 Systemic 32,000 
ug/kg/dy 

Teratology 113,000 
ug/kg/dy 

1.0 ppm or 1000 ug/L or 1.0 ppb or ug/ml  Max Use-Rate 
6 221 1 1000 45 711 2,511 
10 35 1 1000 29 1103 3,229 
Adult 70 2 2000 29 1103 3,229 
 
1 A 22 kg child needs to drink approximately 186 gallons of copper treated water containing 1000 ug/L 

each day to equal the systemic toxicity  NOAEL of 32,000 ug/kg/dy. 
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Table  12: Copper Exposure  and  Risk  Assessment: Ingestion  of  Fish 
 
 
1. Copper does not bioconcentrate in edible tissue of fish. 
2. Typical analytical level detected in fish from recently treated water has been reported to contain 1.1 ppm 

or mg/kg or 1,100 ug/kg corrected for copper concentrations in the control fish of 2.8 ppm (EPA, 1985) 
3. Human fish consumption (USEPA, 1989): 
 

70 kg person fish intake/meal = 0.4 kg 
35  “    “           “           “         = 0.2 kg 
22  “    “           “   “         = 0.06 kg 

 
Age Wt Fish Meal Wt 

(kg) 
Copper 

Exposure  
(ug) 

Dose 
(ug/kg/dy) 

 
Margin of Safety 

 Systemic3 
2,000 ug/kg/dy 

Teratology 
113,000 ug/kg/dy 

6 22 0.06 66 3.0 10,667 37,667 
10 35 0.2 220 6.3 5,079 17,900 

Adult 70 0.4 440 6.3 5,079 
 

17,900 
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Table  13: Copper: Total Calculated Daily Exposure and Risk Assessment: Drinking  
Potable Water 

 
Age Wt Exposure 

Time 
(hrs) 

Swim Dose 
(ug/kg/dy) 

Water1 
Dose 

(ug/kg/dy) 

Fish Dose 
(ug/kg/dy) 

Total Dose 
(ug/kg/dy) 

Margin of safety 

 Systemic 
32,000 

ug/kg/dy 

Teratology 
113,000 
ug/kg/dy 

1.3 ppm or 1,300 ug/L or 1.3 ppb MALDW 
6 22 0.5 1.1 59 3.0 63 508 2 

  1.0 2.3 “ “ 64 500  
  2.0 4.5 “ “ 67 478  
  3.0 6.8 “ “ 69 464  
 
10 35 0.5 0.7 37 6.3 44 727  
  1.0 1.4 “ “ 45 711  
  2.0 3.0 “ “ 46 696  
  3.0 4.3 “ “ 48 667  
 
Adult 70 0.5 0.4 37 6.3 44 727  
  1.0 0.7 “ “ 44 727  
  2.0 1.4 “ “ 45 711  
  3.0  2.1 “ “ 45 711  
 
1 Represents copper exposure from potable drinking water (MALDW = 1,300 ug/L)   
2 No MOSs conducted for teratology because of large NOAELs. 
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Table  14: Copper: Total Calculated Daily Exposure and Risk Assessment:               

Drinking Treated Surface Water 
 

Age Wt Exposure 
Time 
(hrs) 

Swim Dose 
(ug/kg/dy) 

Water 
Dose1 

(ug/kg/dy) 

Fish Dose 
(ug/kg/dy) 

Total Dose 
(ug/kg/dy) 

 
Margin of Safety 

 Systemic 
32,000 

ug/kg/dy 

Teratology 
113,000 
ug/kg/dy 

1.0 ppm or 1,000 ug/L or 1.0 ppb or ug/ml  Max Use-Rate 
6 22 0.5 1.1 45 3.0 49 653 2 

  1.0 2.3 “ “ 50 640  
  2.0 4.5 “ “ 50 640  
  3.0 6.8 “ “ 57 561  

 
10 35 0.5 0.7 29 6.3 36 889  

  1.0 1.4 “ “ 37 865  
  2.0 3.0 “ “ 38 842  

  3.0 4.3 “ “ 40 800  
 

Adult 70 0.5 0.4 29 6.3 36 889  
  1.0 0.7 “ “ 36 889  
  2.0 1.4 “ “ 37 865  
  3.0 2.1 “ “ 37 865  

              
1  Represents copper exposure from drinking treated surface water containing 1,000 ug/L (maximum label 

use-rate)   
2 No MOSs conducted for teratology because of the large NOAEL  
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