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Whole Effluent Toxicity Testing Regulatory Guidance

Introduction

The authority for whole effluent toxicity (WET) activities in Washington State comes from RCW
90.48.520, chapter 17205 WAC (the WET rule), and the state water quality standards (chapter
173-201A WAC). Interested persons can access these laws and rules online at:

http://www.ecy.wa.gov/laws  -rules/index.html

RCW 90.48.520 directs the Department of Ecology (Ecology) to require all known, available, and
reasonable methods to control effluent toxicity in order to improve water quality regardless o f
whether it already meets minimum water quality standards.

We implemented this directive by writing chapter 173 -205 WAC so that the need for an acute
WET limit is determined by survival in 100% effluent. As long as 100% effluent consistently has
at leag 65% survival, no acute WET limit will be required. The 65% survival cutoff is based
upon data showing that a large majority of WET tests have from 65% to 100% survival in 100%
effluent. A significant minority of tests show 0% survival in 100% effluent, but few tests show
survival between 65% and 0%. Dilution is a factor in setting acute WET limits but is not
considered in requiring them. Our intention is to create an incentive to completely eliminate
acute WET.

Chronic WET tests are expensive and havetoo many diverse sublethal endpoints to justify an
attempt to eliminate chronic WET. Our goal for chronic WET testing is solely to maintain
compliance with water quality standards.

WET Testing Requirements in NPDES Permits

National Pollutant Discharge Elimination System (NPDES) permit s describe how provisions in

the WET rule apply to each individual permittee. Labs should follow the instructions in a
clientds permit. I't is i mport aimdpagehohdpermitims get
order to provide the best service. Permits are available from a client or online at:

http://www.ecy.wa.gov/programs/wa/permits/i ndex.html#wastewater individual permits

Permit Language

Permit language for WET can be complicated because itwill contain a series of steps in a
regulatory process. The step to follow will depend at times on the results of the previous step.
The permit mi ght contain two sets of instructions, but only require that one set be followed
depending on circumstances. This permit language avoids the expense of modifying permits,
but will require careful reading and planning ahead by labs and permittees.

ot ]


http://www.ecy.wa.gov/laws-rules/index.html
http://www.ecy.wa.gov/programs/wq/permits/index.html#wastewater_individual_permits

Effluent Characterization

Effluent characterization s last for one year and are used to determine whether WET limits are
needed. After effluent characterization is complete, a permittee might receive an acute WET
limit, a chronic WET limit, both, or no WET limit . Each effluent sample in effluent
characterization is tested with all WET test species listed in the permit. This "multiple species"
testing provides an assessment of effluent sampletoxicity to different aquatic organisms.

Permittees who cannot meet the WET performance standards defined in the WET rule will
receive WET limits. For acute toxicity, the performance standard is a median of 80% survival in
100% effluent at the end of effluent characterization with no single test result showing less than
65% survival in 100% effluent. For chronic toxicity, the performance standard is no statistically
significant difference during effluent characterization in test organism response between the
control and a test concentration equal to the concentration of effluent at the edge of the acute
mixing zone (acute critical effluent concentration or ACEC).

If a mixing zone has not been established for the discharge at the time of permit writing, the
ACEC will not be known during effluent characterization. When the ACEC is unknown, WET
testing during effluent characterization will determine the NOEC (no observed effect
concentration). The NOECs will be compared to the ACEC, when it becomes known, to
determine if a chronic WET limit is needed. If the ACEC is still unknown at the end of effluent
characterization, then effluent characterization will be extended, but only one WET test will be
conducted on each sample ("single species" testing).

It is in the permittee's best interest to include the ACEC in the dilution series as soon as it
becomes known because the permittee will be at a regulatory disadvantage whenever the ACEC
would have been located between the LOEC (owest observed effects concentration) and NOEC
if it had been included in the test. The usual policy in circumstances when a known ACEC was
missing from the concentration series and would have been straddled by the NOEC and LOEC
is to consider the ACEC to be toxic. However, the percent minimum significant difference
(MSDp) can be used as theeffect level in a point estimate (ICx or ECx) and the result compared
to the absent ACEC or CCEC(chronic critical effluent concentration ) to roughly estimate if
either of these concentrations would have been significantly different from the control. We will
use the MSDp for this purpose on rare occasions when the ACEC or CCEC was inadvertently or
accidentally absent from the concentration series and bracketed by the NOEC/LOEC.

Effluent characterization is also used to establish a baseline toxicity levd expressed by point
estimates such as the LGy, ECso, or IC2s. These point estimates will not be used in determining
compliance, but will serve as a point of reference if problems with toxicity need to be
investigated. WET tests conducted for effluent characterization must have a dilution series of at
least five effluent concentrations in order to provide point estimates.

Monitoring for Compliance with WET Limits

The state'swater quality standards prohibit toxicity past the edge of an approved mixing zone.
Therefore, WET limits are based on the concentration of effluent at the edge of an approved
mixing zone during critical conditions. Critical conditions are situations when the effect of the
effluent is greatest such as during low river flow. The conaentration of effluent existing at the
edge of a mixing zone during critical conditions is called the critical effluent concentration.
Compliance with a WET limit means demonstrating no toxicity in a sample of effluent diluted

to equal the critical effluent concentration. The ACEC used to test for compliance with an acute
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WET limit is the concentration of effluent at the edge of the acute mixing zone. (The ACEC is
also used in the chronic toxicity performance standard determination as described above.) The
CCEC used to test for compliance with a chronic WET limit is the concentration of effluent at
the edge of the chronic mixing zone.

A permittee complies with a WET limit when the hypothesis testing procedure in Appendix H

of EPA/600/4 -89/001 (Fisher's Exad Test for survival in the Ceriodaphniahronic test) shows no
statistically significant difference in response between the ACEC or CCEC and a control. (An
outdated EPA manual is referenced here and in permits because WAC 173205070 specifies the
version that was current at the time of its writing.) Appendix H of EPA/600/4 -89/001 is the
same as Appendix H in EPA-821-R-02-013 (newest freshwater chronic manual) and Appendix G
in either the current East Coast or West Coast marine chronic manuals.The 2002EPA acute
manual describes the single comparison hypothesis testing procedure in Section 11.3 (The
flowchart is in Figure 12.). A statistically significant difference in test organism response ( alpha=
0.05)at the ACEC or CCECwould mean a WET limit violatio n or failure to meet the chronic
toxicity performance standard .

A compliance monitoring test for an acute WET limit is conducted with the ACEC (the limit),
100% effluent (the performance standard), and a control. A compliance monitoring test for a
chronic WET limit is conducted with the CCEC (the limit), the ACEC (the performance
standard), and a control. The permittee may instruct the lab to run a full dilution series to
provide more information for review of test quality and we always recommend at least five
effluent concentrations and a control .

Response to Noncompliance with a WET Limit

If a permittee fails a compliance test for a WET limit, then additional testing is immediately
required to assess and confirm the continuing presence of toxicity. The WET rule requires WET
testing of four weekly samples following noncompliance with an acute WET limit and three
monthly samples following noncompliance with a chronic WET limit.  If any of these additional
WET tests fails to comply with a limit, then the permi ttee must submit a toxicity
identification/reduction evaluation (TI/RE) plan.  Permits emphasize compliance with this
process rather than focus on mere compliance with the limit and permittees remain in permit
compliance when each step in the process is impemented in a timely fashion.

Looking for Changes in Toxicity if Effluent Characterization Results in
No WET Limit

Permittees without WET limits must both routinely check for changes in effluent toxicity and
specifically evaluate any known changewhich mig ht increase effluent toxicity. An extra effort is
needed in the absence of regular ompliance monitoring to make sure that effluent toxicity has
not increased above the level found by effluent characterization. WAC 173-205-060 describes the
circumstances which trigger a requirement for a new effluent characterization. The approaches
used to determine the need for another effluent characterization include:

U If effluent characterization indicate sthat no WET limit is needed, the permit writer might
require rapid screening testing if there is the potential for an event at the facility result ing in
a toxic discharge that would otherwise go unnoticed. A rapid screening test is a single
dilution (plus a control) toxicity test on 100% effluent or the ACEC in order to detect
unanticipated increases in toxicity. Rapid screening tests are less expensive and quicker than
standard WET tests. (See Appendix F for a list.)Whenever a permittee fails a rapid
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screening test, theWET rule requires the permittee to immediately retest with standard

WET tests. The results of these WET tests conducted in response to rapid screening tests will
be evaluated to determine the need for a new WET characterization in the next permit or the
need for immediate action to reduce toxicity . Compliance with WET limits will not be
measured with rapid screening tests. See WAC 173205120(2).

U If effluent characterization indicates that no WET limit is needed, t he permit writer might
instead require a set of WET test resultsto be submitted with each permit application. Such
a requirement is more likely than rapid screening testing. These WET testsare the standard
tests. Ecology will usually require only a few WET tests with the permit application unless
any of the WET tests conducted for effluent characterization was unacceptable andwe need
additional WET test results to complete the effluent characterization. Some POTWs may
need to perform additional WET testing to meet an EPA requirement for WET test results to
be reported in Part E of the 2A permit application form. See WAC 173-205-030(8).

U WAC 173-205-060 contains a list of changes in the facility or dischaige which trigger another
effluent characterization unless a permittee uses toxicity testing to show the change has not
increased toxicity. Chemical analysis may also be used.

U If a new toxicity test is approved which is more ecologically or taxonomically re levant to
our stateds resources, a new effluent charact e

Researching Specific Problems

A problem such as failed salmon smoltification might be researched using toxicity testing. It is
unlikely th is testing could be used for effluent characterization or compliance monitoring.

Excessive Time to Produce a Test Report

The WET rule contains time limits for permittees to respond to different circumstances
involving toxicity test results. Labs should be careful notto add to permittee difficulties by
taking too long to produce a test report. When serious toxicity occurs, labs should give the
permittee an immediate telephone call.

Expression in the Database of Toxicity Test Results for Permittees

Even though the WET rule describes decisions made on the basis of single comparison
hypothesis testing, NOECs and LOECs based on multiple comparisons are routinely
determined and saved in the database.When the NOEC/LOEC is far from the ACEC or CCEC,
performing a single comparison of the ACEC or CCEC against the control is not necessary.
Point estimates for the 25% and 50%geffect levels arealso stored in the database.We do these
calculations for all lethal and sublethal endpoints for each test method. Both weight and
biomass are catulated for the 7-day survival and growth tests (See Appendix C).

Options for Permittees

Effluent Screening Tests

The WET rule allows Ecology to approve a request for conducting effluent screening tests by a
small business or apublicly owned treatment works (POTW) discharging less than 0.5 mgd
Acute effluent screening tests usea control and 100% effluentand chronic effluent screening
tests usea control and the ACEC. If the effluent screening test shows toxicity, the permittee
must resample and conduct a full dilution series test. Effluent screening tests arestrongly
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discouraged because they prevent consideration of the anomalous test criteria in Appendix D
and could cause avoidable and expensive regulatory consequences for permittees

Full Dilution Series Tests

Because theWET rule allows WET tests to sometimes be conducted with less than a full dilution
series, it also makes clear that permittees may choose to conduct any WET test using a full
dilution series. WET tests conducted using a full dilut ion series of at least five effluent
concentrations and a control provide the best information for evaluating the quality of WET test
results. A full dilution series protects permittees by allowing anomalous test results to be
identified more easily (See Appendix D). Anomalous WET tests will not be used for compliance
determinations. The ACEC or CCEC may be included in a dilution series as an extra
concentration or as a substitute for a standard concentration in the series.

Notification of an Anomalous Test Result

The WET rule allows a permittee to avoid the cost of additional testing when noncompliance
with a WET limit is believed to be due to an anomalous WET test result. A laboratory should be
able to inform a permittee of any anomalous WET test result that resulted in apparent
noncompliance. (See Appendix D, Identifying Anomalous WET Tests.) The permittee then
sends Ecology notification with the test report that the test might be anomalous and that the
permittee intends to take only one additional sample for toxicity testing. The notification must
identify the reason for considering a compliance test result to be anomalous.If Ecology agrees
that the test causing noncompliance was anomalous, the permittee is saved the cost of the
additional compliance testing.

Labs Must Be Accredited

Labs performing testing to meet these requirements must be accredited. For more information
on lab accreditation see: http://www.ecy.wa.gov/programs/eap/labs/atrreditation.html

Lingcod (Ophiodon elongatysourtesy of Richard Jack King County
Dept. of Natural Resources and Parkshttp://dnr.metrokc.gov/wlir/waterres/marine/photos.htm
—
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Whole Effluent Toxicity Test Review

Introduction

Invalid WET tests happen when the lab does not follow the test method or when the results do
not meet the validation criteria in the test method. Permittees are obligated to look for invalid
tests because the permit requires the submission of valid test results. Ecology will also review
WET tests for validity . Chapter II. Whole Effluent Toxicity Test Review and Chapter Ill. Test
Species and Specific Test Conditions of this document contain the test validity criteria .

The test review criteria in this document have been reviewed by labs and other interested
parties. The document will be revised in response to any persuasive commentfrom a lab. Labs
should keep in mind that, although most samples are nontoxic, all tests must be conducted and
reported so that we can make regulatory decisions concerning toxic samples with confidence.

Please direct any questions to Randall Marshall at 360-407-6445 orrmar461@ecy.wa.gov.

Sample Handling

1. Transfer and Storage

Sample transfer must be documented with signed and dated chain-of-custody forms and a
copy put in the test report. For composite samples, the sample date is the end date of the
compositing period and the end date/time must be reported by the sampler consisent
with the Pacific Time Zone on the chain-of-custody form. Labs should note in the test
report if the sample and test occurred in different time zones or if daylight savings time
has gone on or off between sampling and test initiation.

Chain-of-custody forms must accompany all samples unless:

1. A person from the testing lab does the sampling, delivers the sample personally to
secure storage at the lab, and the test report documents this procedure; or

2. Personnel who are all employees of the permit holder are the only ones conducting
the sampling, transportation , and toxicity testing, and a responsible person from th e
organization signs a page in the test report stating that the result is an honest and
accurate reflection of the toxicity of the sample.

Chain-of-custody forms must contain the name and address of the discharger, date and
time that the sample is taken (beginning and end if a composite), the name of the sampler,
the type of sample (outfall #, grab or composite, effluent or storm water, etc.), and the
number and volume of sample containers. The chain-of-custody form must describe the
type of sample container.

The sampler's signature must be in the first "relinquished by" blank. Each person
subsequently taking physical custody of t he sample must sign the next "received by" blank
and then the next "relinquished by" blank when the sample is given to someone else. This
sequence of signing is repeated until the sample is secure at the testing labEvery
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signature must have a date and time, and each pair of "relinquished by" and "received by"
signatures must have the same date and time (within a couple of minutes to allow for
differences in clocks). The use of a courier is the only circumstance whenthe "relinquished
by" and "received by" signatures can have significantly different times.

Couriers do not need to sign the "received by" blank on the chain-of-custody form if the
cooler containing the samples was packed by the sampler and has been locked or sealed
with a seal that is initiale d and dated by the sampler and cannot be removed without the
removal being obvious (i.e., evidence tape). The name of the courier company and the
method for locking or sealing the cooler must be identified on the chain -of-custody form.
The sampler signs ard dates (including time) the "relinquished by" blank on the chain -of-
custody form and immediately locks or seals it in the cooler with the samples.
Immediately upon receipt at the testing lab, a responsible person inspects the cooler to
make sure that locks or seals are intact, opens the cooler, removes the chaknof-custody
form, signs and dates (including time) it, and places the sample containers in secure
storage at0-6° C. When a courier is used, all signers to the chainof-custody form are
testifying t o the proper condition of the cooler, lock, and seal unlessotherwise noted.

One chain-of-custody form should accompany the sample throughout its travels. When a
second lab is subcontracted to perform some of the tests on a sample originally received at
the primary testing lab, the required chain -of-custody procedure is:

1. The sampler completes all information pertinent to sampling and transportation on
the chain-of-custody form and signs relinquishing the sample. The chain-of-custody
form is locked or otherwise sealed in the cooler if a courier is used.

2. The primary lab opens the cooler immediately upon receipt, signs the "received by"
line on the chain-of-custody form, and makes a copy for its own test report.

3. The primary lab notes on the original chain-of-custody form the number and volume
of containers placed in the cooler for the second lab, notes the method of
transportation, signs the second (or next) "relinquished by" line, and locks/seals the
form in the cooler with the sample.

4. Thesecond lab opens the cooler immediately upon receipt, signs the next "received
by" line on the chain-of-custody form, and makes a copy for its test report.

5. The completed original chain-of-custody form is returned to the primary lab to be
kept in its records.

Holding Time and Temperature

Composite samples are chilled to 0-6°C as collected and grabs immediately following
collection. When not preparing test solutions, | abs must store samples at0-6°C in the dark
with no headspace. (The preferred temperature is 4° C.) Maximum time from sample
collection to first use is 36 hours. Test solution renewals may be made up to 72 hours from
collection. (Renewals may be made up to 84 hours after collection for a 96hour acute test.)
To be ale to calculate holding time s, the date and time of test initiation must be clearly
recorded and reported on bench shees.




Sample temperature must be measured at receipt and recorded on the chainof-custody
form or initial water chemistry form. Tests conducted on samples received too warm will
be rejected. Temperature requirements are related to the time to reach a lab:

e If asample is received at the testing lab within one hour after collection and is
immediately refrigerated at the lab or used in a test, it must have a temperature
between 0° C and 20° C.

e If the sample is received at the testing lab within 4 hours after collection, it must be
between 0° C and 12 C.

e All other samples must be between 0° C and 6° C.

e If any part of a sample has frozen, it cannot be used or the test will be rejected.

The original sample may be used for test solution renewal at 48 hours in an acute test if
stored at 0-6° C in the dark with minimal headspace.If a 7-day chronic test is already
underway using an initial sample that arrived in a timely manner and was a good
temperature at receipt and the second or third samples arrive past the holding time, use
the process in section Il. H. Deviations from Protocols and Acceptability Criteria to find
out whether to continue the t est or not. Properly stored samples which had an acceptable
temperature at receipt and met the holding time are preferred over subsequent samples
which arrived too warm.

If a chronic test requiring daily renewal will be conducted on an intermittent discharge
which does not allow the collection of three separate samples over 7 days, then sufficient
sample must be collected during all of the available discharge events to provide daily
renewal. The extra sample must be collected in a separate containewith no headspace. It
must be stored at0-6° C until used.

High quality glass containersprovide superior sample preservation for organics but
cannot be collapsed like a cubitainer in order to minimize headspace and associated
volatilization or oxidation. Minimization of head space is important. All glass containers
should be filled to the top with sample. A sample should be collected into two or three
glass containers of an adequate size for daily renewal.The use of a nitrogen headspace
with glass sample containers is strongly recommended.

Filtration

No filtration of samples is allowed unless the necessity for filtration has been documented.
Justification for filtration is limited to the observation of organisms that would attack, be
confused with test organisms, or otherwise interfere with the test. Most samples do not
contain indigenous organisms that would attack or be confused with test organisms.

Many labs rarely filter samples and have no problems with toxicity tests. Unless the test
report contains good justification, tests on filtered samples will be rejected.

If a lab can demonstrate that a particular effluent contains organisms which interfere with
toxicity testing, then samples of that effluent may be filtered. A good demonstration

would be t o conduct a toxicity test with one set ofreplicates of 100% effluent filtered and
another setunfiltered. If there is a difference in test results and organisms are identified in
the raw sample or filter backwash, then filtration of that effluent has been justified. This
demonstration need only be made once for an effluent discharge and then all future
samples may be filtered. The demonstration is not necessary before filtering surface water
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samples or samples from treatment lagoons with retention times in excess of two days if
the lagoon is part of a biological treatment system or has been colonized by aquatic plants.

Filter pore diameters must be no smaller than necessary to remove unwanted organisms.
Pore diameters must never be smaller than 60 um as spcified in the test method (except
for the SelenastrunGrowth Test which is 1.6 pum; for more details see thelist of test
conditions and review criteria in Section III.B. for the Selenastrum Growth Test).

Sample Aeration

Aeration of samples is not allowed unless justified by dissolved oxygen (DO)
measurementsat deleterious concentrations. DO measured at concentrations below 4.0
mg/L (6.0 mg/L for rainbow trout) justify aeration.  The preparation of test solutions and
filling of test chambers almost always adequately remove or dilute supersaturation
without aeration . The replicates for the 100% effluent concentration should be prepared
first so they can equilibrate while the effluent dilution series is prepared and the
replicates poured. If this procedure occasionally does not work, then the test chambers
should be briefly aerated. If this procedure often fails to work for samples from a
discharge, then document the problem and request permission to routinely aerate
samples from the discharge prior to test setup.

Dechlorination

WET tests conducted on effluent samples which are dechlorinated under any
circumstance other than allowed by WAC 173-205-080(3) or the NPDES permit cannot be
used for regulatory determinations and must be repeated. We prefer that samples for
WET testing of chlorinated effluents be taken prior to the chlorinator if the ACEC is below
25% and the discharge can meet water qualitybased effluent limits for chlorine.
Otherwise, WET testing must be performed on an unmodified sample of final effluent.
See Appendix | Chlorine Toxicity for more explanation.

Sample Hardness Adjustment

Newer permits allow permittees to sample receiving water at the same time as effluent
and send both samples to the lab so that the hardness of the effluent can be adjusted to
match the hardness of the receiving water. The receiving water sample will only b e used
for hardness determination and can be small. Our guidance recommends hardness
adjustment only for stormwater or effluent discharges which have less than 50 mg/L
hardness. Labs must adjust the hardness by adding the appropriate proportion (43.6%
NaHC O3, 27.3%CaSQA 2 1D, 27.3%MgS0,, and 1.8% KCI) of the reagents in Table 3. of
Section 7of EPA-821-R-02-013(freshwater chronic manual) or Table 7. of Section 7 d EPA-
821-R-02-012 (acute manual). If necessary, a hardness between the ranges in the tablemay
be prepared by using the proportions above. In order to avoid unnecessarily raising pH,
hardness increases should be targeted closely to the receiving water. Hardness gradients
in any test should be minimized and doing so may require preparing and usi ng a softer
dilution water because state waters are often less than moderately hard. Daphnids may be
cultured in the softer water as well.

EPA recommends aging newly prepared moderately hard reconstituted water prior to use
in toxicity tests. Because of he sample holding time, there is not enough time to age a
sample to which the hardness reagents have been added. Samples adjusted to match a
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typical streamds hardness may not need to be
reconstituted water, but samples for chronic tests may be adjusted with high hardness

water that has been properly aged just to be careful. However, all acute tests and those

chronic tests on discharges without mixing zones (or unknown ACEC and CCEC) must be

run with 100% effluent in the test series and must have the hardness reagents added

directly to the sample. In that situation, an extra negative control should be run that was

prepared from the reagents at the same time as sample hardness adjustment. The hardness

of the extra negative control and sample should be nearly equal.

C. General Test Conditions

1.

Randomization

A critical assumption in the statistical analysis of toxicity data by hypothesis testing is
independence among observations.Independence of observations is especially critical for
the parametric hypothesis test procedures (Dunnett's, Bonferroni's, and Student's t-tests)
that are used for regulatory determinations. Randomization of test chambers is the
method provided in the EPA test manual s for achieving independence of observations.
Randomization of test chambers must be standard practice for labs conducting toxicity
tests for permittees in this state. Randomization must be documented in the standard
operating procedure (SOP) approved as apart of accrediting the lab for the test method.
True randomization must be employed involving the use of random numbers to assign
test container positions. The randomized bench sheets (handwritten entries unless the
balance automatically enters weights) must be submitted for all tests involving hypothesis
testing. Failure to do so will cause test results to be rejected.(See Appendix A of any EPA
chronic toxicity test manual or section 11.1.6 of the EPA acute manual.)

Appropriate Negative Controls

Negative controls serve two important functions in toxicity tests:

U Establishing test validity - A control provides a measure of test organism health and
laboratory technique in order to establish the validity of the test result. Every toxicity
test must have a control that accomplishes this function.

U Providing a standard for comparison in hypothesis testing - The control also
provides an indication of test organism response under nontoxic conditions. Test
organism response in the effluent concentrations can then bestatistically compared to
the control response to determine if any effluent concentration is considered to be
toxic.

For a test to be acceptableit is important that controls are:

¢ Nontoxic laboratory or natural water |,

e The same water usedto dilut e the sample and create a concentration series, and
¢ Subjected to the exactsametest conditions as all other test concentrations.

In order to use one control in testing more than one sample, a lab must demonstrate in
the standard operating procedure (SOP) approved as a part of accrediting the lab for
the test method that all of these important conditions are being met. The
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randomization of the control along with the test containers from all samples is
especially important (See Appendix A of any EPA c hronic toxicity test manual or
section 11.1.6 of the EPA acute manual.)Every test container for every sample sharing
a control should be handled as if part of one large test with all activities occurring
within the same space and time. Implementation of this procedure must be
documented for all tests sharing one control. Failure to do so will cause test results to
be rejected.

One misuse of a control which will certainly result in rejection of the toxicity test

result is running extra replicates in the control and only using the results from the
replicates with the best performance. Controls must be handled the same as other test
concentrations. Failure to do so will cause rejection of the test.

Brine Controls and Sources of Salinity

The dilution water control is the control used in comparisons with the effluent
concentrations and must meet acceptability criteria. A brine control is used to assess brine
toxicity. When hypersaline brine is used, it has a concentration gradient in the same
direction as the effluent. Without the use of a brine control, brine toxicity could be
mistaken for effluent toxicity because the concentration-response relationships would
likely be similar. An appropriate single comparison hypothesis test must be used to
compare the two controls. If there is a statistically significant difference in response
between the controls with the test organisms in the brine control doing less well than in
the dilution water control, and if the test results show adverse effects that may be
indicating toxicity at concentrations of regulatory concern, then the test must be repeated
on a fresh sample.For the purpose of effluent monitoring in Washington State, brine and
dilution water controls are not pooled.

If artificial salts ar e used to provide salinity to a nonsaline effluent sample, these salts
should be added to both the sample and deionized water in such a way asto minimize
any concentration gradient of the artificial salt in the test concentrations. Salinity must be
from a single source that is either artificial salt, hypersaline brine, or a combination of
natural seawater and brine prepared from the same natural seawater.

Acceptable Start Counts

The EPA statistics are based on the assumption of equal numbers of test orgnisms in
each replicate at the start of a testSmall deviations (one or two test organisms) from
equality will not cause a problem with statistics, but larger differences will put the

validity of statistics in doubt. Labs should always recount the number of organisms in
each replicate immediately after test initiation. Start counts may be changed based on the
discovery of a miscount during the recount immediately after test initiation but not
afterwards unless due to albino fathead minnows.

The control of experimental conditions is lessenedwhen the number of test organisms is
not equal in the test chambersat the beginning of atest. Unequal start counts will cause
either the amount of food/animal to be unequal or the amount of food/test solution
volum e to be unequal. Unequal start counts will also mean that either test organism
loading is unequal or test solution volume s areunequal. Toxicity tests with large or
frequent differences in start counts will be rejected and returned to the permittee. No
mor e than threetest chambersout of 24 (approximately 10%) can vary in organism start

11



count in any test orit will be rejected. No more than 10% of the toxicity tests conducted by
any one lab in a year should vary in start count or permittees will be notifie d.

If test organisms are lost or killed by a documented accident, then the start count should
be appropriately reduced. Accidents are specific events observed(and sometimes caused)
by people. Examples of accidents include spilling, siphoning, or crushing test organisms.
If aeration is necessary in order to maintain adequate DO during a test, then any test
organisms found stranded on the side of the test chamber, caught in the test solution's
surface tension, or entrained in an air bubble can be assumed tdbe victims of an accident.

Test organism cannibalism, stranding on the side of the test chamber (unless due to
aeration or agitation of the test chamber during handling), or simple disappearance of a
test organism are not documentable accidents and do not justify adjusting start counts.
Test organism weakness or death often precedes cannibalism, stranding, or
disappearance.Cannibalism should be controlled by regular feeding , and stranding can
be minimized by avoiding supersaturation or excessive shaking of test chambers.
Tidying -up the data by adjusting start counts and thereby reducing variation is especially
unfair to permittees when hypothesis testing is used to make regulatory decisions. The
limit on varying start counts applies also to adjusted star t counts.

Acute Toxicity Test Duration

WAC 173-205-050(1)(c) requires the duration of an acute toxicity testto be 48 hours for an
invertebrate and 96 hours for a fish. New permits specify these durations. Some older
permits did not specify the duration for acute tests.When the permit has not specified
acute test duration, then WAC 173-205-050(1)(c) should be followed or the toxicity test
results might be rejected. The duration of a WET test should be within £+ 2 hours of the
duration specified in 1ll. Test Species and Specific Test Conditions . If test duration is
outside of £ 6 hours of the duration in the test method, the test will be rejected.

Appropriate Test Termination

All tests must be continued for the full duration specified in the permit ort estmethod. If
all test organisms die in every test concentration, the control must still be continued for
the full duration in order to produce acceptable test results. It is acceptable to terminate a
test early which, if continued, would not meet the req uirements of the permit or test
protocol as long as the effluent is resampled and an acceptable test result produced as
soon as possible An explanation of the reasons for early termination must accompany the
report for the test on the new sample. The time and date of test termination must always
be reported. Dual endpoint tests must have the time of the 48 -hour count (mysids) or
the 96-hour count (fish) recorded as the end of the acute test.

Acceptable pH Adjustment

If the sample pH is outside of the range 6.0 to 9.0, then the permittee is likely to be in
violation of a technology -basedeffluent limit for pH and could also be violating state
water quality standards. Permittees should be immediately alerted to a potential
problem if this occurs. Samplesoutside of this range will be rare.

We do not allow addition of acids or bases to samplesin principle, no substance should
be introduced into the sample unless absolutely necessary for a successful toxicity test.
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Acids and bases might themselves be toxt or enhance the toxicity of other substances.
Every effluent sample must be tested without pH adjustment regardless of initial pH.

Parallel testing of pH adjusted and unadjusted sample concentrations will have little
regulatory consequence.|f the adjusted and unadjusted portions agree (both are toxic or
nontoxic), then the unadjusted alone would have had the same outcome as parallel
testing. If the adjusted is toxic and the unadjusted is nontoxic, the unadjusted will be
considered the most reliable becauwse the acid or base will be assumed to have created
artifactual toxicity. If the adjusted is nontoxic and the unadjusted is toxic, then there is a
good indication of a pH effect or pH -influenced toxicity, but this information, even
though useful in a TI/RE , would not alter the determination based on the unadjusted
sample that the effluent was toxic.

The use of upstream receiving water as dilution water might be worth a try. One purpose
of WET testing is to simulate the dilution which occurs as the discharge enters the
environment, includ ing a gradient of both toxicant concentrations and pH. The use of
receiving water as dilution water produces the most accurate simulation. Results from
tests using receiving water as dilution water are more relevant than tests with other
dilution water. Toxic receiving water cannot be used due to control performance.

Suppression of pH Rise

Control of pH rise in test solutions may be accomplished by holding test chambers in a
CO; atmosphere. More frequent test solution renewals might also control pH drift. If
aeration is needed to maintain DO levels and pH control is also needed, then try aerating
with CO 2-supplemented air. Another strategy for maintaining both DO and pH without
aeration would be to construct boxes that allow a slow flow of a COz-supplemented air
over test chambers. Supplementation with a small amount of O.in addition to CO ; may
also be necessary if the sample has a very high oxygen demandReferences:

Mount DR, Mount DI. 1992. A simple method of pH control for static and static -renewal aquatic
toxicity tests. Environ Toxicol Chenil: 609614.

Elphick JR, Bailey HC, Hindle M, Bertold SE. 2005. Aeration with CO,-supplemented air as a
method to control pH drift in toxicity tests with effluents from wastewater treatment plants.
Environ Toxicol Chen24: 22222225

Aeration of Test Chambers

Sample aeration is preferred to test solution aeration. (See II.B.4Sample Aeration ) Use of
an oxygen-enriched headspace would be preferable to aeration in maintaining adequate
DO because it is nonintrusive to the test solutions. Aeration must:

e Be kept to the minimum duration necessary to maintain desired DO levels until test
solution renewal or test termination.

¢ Not be initiated more than once in the same test if it can be avoided.

e Beinitiated as soon as DO begins dropping steeply and need not wait until DO has
dropped below acceptable levels.

¢ Be done equally in all test chambers regardless of DO concentration.
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10. EPA Manuals

1. Acute testing : EPA-821-R-02-012, available online at
http://www.epa.gov/ostwater/WET/disk2/

2. Freshwater chronic testing : EPA-821-R-02-013, available online at
http://www.epa.gov/ostwater/WET/disk3/

3. Saltwater chronic testing with East Coast organisms : EPA-821-R-02-014,
available online at http://www.epa.gov/ost  water/WET/disk1/

4, Saltwater chronic testing with West Coast organisms : EPA/600/R -95/136,
available online at http://www.epa.gov/nerleerd/full doc.pdf

Permits reference an outdated EPA manual (EPA/600/4 -89/001) becauseinstructions for
compliance monitoring in WAC 173-205-070 were written when that version was current.

Sporadic Mortalities

Sporadic mortalities are deaths of test organisms that are not related tosample toxicity and do
not fit a good concentration -response relationship. These sporadic mortalities sometimes cause
a flat concentration-response relationship with nearly equal proportions alive which resemble
an infection rate not toxicity. At other tim es, sporadic mortalities are confined to a few test
chambers scattered throughout the test as if susceptible individual test organisms were
becoming infected and concentrating the pathogen within their test chambers causing large
standard deviations in pro portion alive in those concentrations. Anomalous test criteria 2 and 3
in Appendix D identify tests with sporadic mortalities.

Pathogens which will infect test organisms can come from inside a lab, from a composite
sampler, or from the sample itself. These pathogens can often be observed as filaments or
patches on test organisms.An alert lab will notice whether diseases are Kkilling test organisms
and look for a source. If sporadic mortalities tend to occur mostly with a few clients, then the
source of pathogens is likely their effluents or composite samplers. If sporadic mortalities occur
for all clients, in controls, or in reference toxicant tests, the pathogen source is likely in the lab.

Some effluents are associated with sporadic mortalities more often than others. Noncontact
cooling water has the highest frequency of sporadic mortalities. Ambient samples can also have
sporadic mortalities. Naturally occurring pathogens are likely the cause of sporadic mortalities
in ambient water. Pathogens in noncontact cooling water might originate in the sourcewater
body but might also be enhanced bybiofouling in pipes or on other surfaces within the plant.

Sporadic mortalities are a common and preventable cause of anomalous testsLabs should give
extra attention to:

e Proper glassware cleaning and rinsing so that all residues are removed.

e Using only food grade disposable cups and changing supplier when there is a problem.

e Not skipping quality control steps such as soaking test containers in clean water overnight
before using in a test.

e Running acute tests with fathead minnows or daphnids at 20 ° C instead of 25 C.

e Keeping samples at 06° C from the moment of collection until used in the test.
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e Regularly cleaning incubators and their contents. Same for refrigerators and all surfaces.

e Covering test chambersto prevent airborne transfer of microbes.

o Keeping the lab free of adult mosquitoes, chironomids, and other flies.

e Using enough sterile pipettes or other equipment for transferring test organisms so that
crosscontamination between replicates does not occur.

¢ Routinely rinsing temperature, pH, DO probes, etc. between test chambers.

e Ensuring that composite samplers are cleanand have new tubing before sampling.

¢ Not feeding unhatched Artemiacysts and empty exoskeletons to fathead minnow larvae.

e Thoroughly cleaning and disinfectin g of Artemia hatcheries.

The most promising technique for controlling pathogens in fathead minnow chronic tests is
described in the article by Downey, et alreferenced below. The best featire of the technique is

that it does not modify samples as does ultraviolet (UV) disinfection or filtration. It changes the
test setup to 2 fish in each of 10 replicate chambers per concentrationThis simple change to test
setup was the most succesful method for controlling pathogens in the study which is the

subject of the article below. This makes sense since the seemingly random pattern of test
chambers having a high number of mortalities
implies that susceptible individual fish randomly distributed in several test chambers are

catching and then spreading the disease to their otherwise unsusceptible companions.Many
thanks are owed to the state of Wisconsin for the effort behind this new technique.

Permittees and labs involved in testing samples of nhoncontact cooling water, stormwater, or
wastewater treated in a pond or lagoon are encouraged to try the techniqgue and may do so
without prior approval. The required test conditions are listed in section Ill. B. just after the
usual fathead minnow chronic test conditions. Labs will spend more effort on the extra test
chambers but the minimum number of fish needed for a test willbe 25%lessNot e t hat
Exact Test must be the nonparametric alternative procedure for analyzing survival because a
start count of 2 guarantees lots of ties in ranked values and therefore a lack of sensitivity from
Steel ds or Wil coxon.

If the alternative setup does not work, a lab may ask for permission to UV disinfect that
permitte e 6 s s hittheps keown at this point about the UV exposure necessary to eliminate
sporadic mortalities caused by pathogens except that it should be kept to the minimum
necessary and that the minimum exposure necessary is less than that reported in the papers
referenced below. One lab here in the Northwest has been routinely disinfecting noncontact
cooling water and river water using UV exposure f or about 2 minutes (1 or 2 passes through the
unit depending on turbidity). The lab has demonstrated the effectiveness 6this UV exposure
time both by comparing sporadic mortalities in treated and untreated samples and by taking
before and after disinfection plate counts of bacteria. We realize that minimum exposure times
will vary depending on the effluent characteristics and abilities of the ultraviolet sterilizer, but
because of the potential for UV light to change toxicity up or down, labs must first demonstrate
the inadequacy of a short exposure time before being allowed to increase beyondthree minutes
UV exposure dur ation.

Exposure of an effluent to UV light can induce toxicity, especially if polycyclic aromatic
hydrocarbons are present. If a lab can demonstratethat UV disinfection changes toxicity relative

tountreated efluentand t hat the alternat i v éefitratienghroughat up

0.45um filter to remove pathogens is allowed . References:
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Theisen, Daniel D., Donald D. Stansell, L. Curry Woods Ill, 1998: Disinfection of Nauplii of Artemia
franciscanady Ozonation. The Progressive FisBulturist: Vol. 60, No. 2, pp. 149151.

Grothe, Donald R., Daniel E. Johnson, 1996Bacterial Interference in Whole-Effluent Toxicity
Testdi Short Communication . Environ Toxicol Cheml5: 7618764.

Kszos, Lynn Adams, Arthur J. Stewart, James R. Sumner, 1997Evidence that Variability in
Ambient Fathead Minnow Short-Term Chronic Testsis Due to Pathogenic Infection. Environ
Toxicol Chenl6: 3518356.

Downey, Patrick J., Kari Fleming, Richard Guinn, Norris Chapman, Patricia Varner, John D.
Cooney, 2000:Sporadic Mortality in Chronic Toxicity TestsUsing PimephalepromelagRafinesque):
Cases ofCharacterization and Control . Environ Toxicol Chenl9: 2483255.

E. Test Analysis

1. Failure of EPA Statistical Flowcharts

A WET test must be repeated if the flowcharts for determining NOECs in the EPA toxicity

test manuals cannot be followed due to a low humber of replicates. The problem will

happen when with less than four replicates and test datathat are not normally distributed

or that have unequal variances. The number of replicates is more important in hypothesis

testing than in point estimations, and the minimum number of replicates in the EPA

manuals is sometimes too low for determining NOECs correctly. The flow chart s for

single comparison hypothesis testing can be found in Appendix H of the EPA freshwater

chronic manual, Appendix G of the marine chronic manuals , and in Figure 12 of the acute

manual. Be aware of the EPA recommendation to use the Kolmogorovo D6 st at i sti c
replace ShapiroWi | ks Test when n > 50.

Four replicates will often be inadequate for determining an NOEC when replicate
numbers are unequal and test data are not normally distributed or have unequal
variances. Labs intending to run more replicates in the control than in the effluent
concentrations should consult the table of critical values for Wilcoxon's Rank Sum test to
determine the minimum number of replicates at the test concentrations. The accidental
loss of a test chamber in a typical test of five test concentrations and a control will also
cause replicate numbers to be unequal and four replicates to be inadequate if the
nonparametric hypothesis test (Wilcoxon's Rank Sum) must be used.

The minimum number of replicates will not be i ncreasedto compensate forthe occasional
loss of test chambersbecause itrarely necessitates the rejection of a test for failing the EPA
statistical flowchart. If a test chamber has been accidentally lost from a test using four
replicates per concentration and requiring a nonparametric hypothesis test, then the
concentration-response relationship can be examined to see if the concentration losing a
replicate can be excluded from the analysis because ithas healthy test organism
performance nearly equal to adjacent concentrations and the control. If the ACEC and
CCEC have been included in the concentration series of a test losing a test chamber and
have at least three replicates remaining at the end of the test, then single comparison
hypothesis testing can be used to compare the ACEC or CCEC to the controlto provide
the needed regulatory determination .
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If a lab increases the number of effluent concentrations in a test series beyond five, the
EPA flowcharts for determining NOECs may not work. Adding extra concentrations to
the series improves the ability of a test to measure toxicity and calculate point estimates.
Unfortunately, the extra concentrations also raise the minimum number of replicates
required for determining an NOEC to five or higher for Steels Many-one Rank Test and
Wilcoxon's Rank Sum Test.

Assuming at least four replicates were used and the concentration-response relationship is
OK, a test with more than five concentrations in the series is acceptable even when the
EPA flowchart for determi ning an NOEC fails. Excluding from analysis one or more
concentrations will solve the problem. All effluent concentrations in the test should be
reported and used to calculate point estimatesif wanted, but it is acceptable to exclude
one or two concentrations from the NOEC determination in order to follow the EPA
hypothesis testing flowchart. The concentrations that are removed from consideration
should be as far from the threshold of toxic response (LOEC/NOEC) as possible.Do n 0 t
exclude the ACEC or CCEC.

An important point to note here s that labs are free to perform and report statistics in any
way they feel is appropriate to meet ac | i e n t dAfter weeget the report, we will
recalculate the statistics as described in this document andonly insist that the test be
conducted and data recorded so that we can perform our own calculations.

Controlling Type | and Type Il Errors

Power Standards

Variability among replicates can prevent large differences in response between the control
and an effluent concentration from being detected as statistically significant. To reduce
the potential for Type Il errors (false negatives) when variability is high, the WET rule has
statistical power standards for both acute and chronic tests. The power standards act asa
safety net to prevent large effects from being declared nontoxic.

An acute toxicity test must be able to detect a difference of 30% at the ACEC as

statistically significant or it must be repeated with an increased number of replicates . A
chronic toxicity test must be able to detect a difference of 40% at the CCEC as statistically
significant or be repeated with an increased number of replicates. Appendix E shows
examples. Power standardsd o not apply to Fisherods Exact

The EPA West Coast Manual now includes minimum significant difference (MSD) criteria
for some tests. These MSD criteria have been incorporated in the test condition lists in the
lll. Test Species and Specific Test Conditions chapter below.

Changing alpha for small differencesn response

To reduce WET limit violations due to statistically significance that is a Type | error (false
positive), we lower the alpha for hypothesis testing when differences in test organism
response are small. Alpha is an approximation of the maximum Type | error rate. To
reduce Type | errors and the number of interrupted concentration -response relationships
in order to produce more fair and enforceable test results, we setalpha = 0.01 for small
differences. Alpha will be lowered from 0.05 to 0.01 if a 10% difference in an acute test is
significant or a 20% difference in a chronic test is significant.
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A Type | error for a WET test is concluding t
These false positives occur when a difference in response that is due to chance is large

enough to be identified as significant by the statistical analysis. It i s extremely unlikely

though that chance would cause all test organisms in the control to live and all test

organisms in the effluent to die. In addition, when everything lives in both the control

and effluent, no hypothesis test will ever find a significan t difference no matter how

many times that it is run. Somewhere in between these two extremes, the Type | error rate
approaches alpha as the measured difference in response becomes smaller and more

likely to be due to chance. Decreasing alpha for smaller dfferences in response keeps the

Type | error rate from ever being 1/20 tests.
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Our WET database was queried for NOECs (alpha = 0.05) for fathead minnow survival
and growth, Ceriodaphnia survival and reproduction, and Selenastrum cell density
endpoints. Those tests with an interrupted concentration -response relationship were
counted. An interrupted concentration -response relationship happens when a
concentration has demonstrated a statistically significant difference from the control and
one or more higher concentrations do not. 42 out of 724 (5.8%) 7day survival NOECs
were identified as having an interrupted concentration -response. 52 out of 764 (6.8%)
sublethal endpoint NOECs were identified as having an interrupted concentration -
response. These numbersare close to the predicted 5% when alpha = 0.05. This indicates
that the incidences of statistical significance with an interrupted concentration -response
can mostly be explained as Type | errors.

Looking for a concentration-response relationship

Type | errors can often be spotted by examining the concentration-response relationship.
The lower effluent concentrations in a WET test are typically nontoxic and have a flat
concentration-response at generally the same level as the control. However, test orgarsm
response at any of these nontoxic concentrations rarely falls exactly on this level line.
When the response at one of these concentrations falls below the line, then a hypothesis
test might identify it as statistically significant. A flat concentration -response relationship
in the vicinity of the failing concentration and an absence of statistical significance in
nearby concentrations allow a reviewer to discount the anomalous statistical significance
and avoid a Type | error (See Appendix D).

The four 10s in the control and four 9s in the effluent problem

Changing alpha cannot help when the control has four replicates with complete survival

and one of the effluent concentrations has lost exactly one test organism in each of its

replicate chambers. Steeb s t est wi | | always find this to
reduction in test organism survival from the
values at alpha = 0.01 for most tests with 4 or 5 replicates.

r

If higher concentrations show decreasing survival with increasing concentration, then the
statistical significance of 80% or 90% survival in one concentration relative to the control

is acceptable. However, in the absence of a good concentratiorresponse relationship, it is
difficult to s ay that 80% or 90% survival is an adverse effect of the effluent when the test
methods say that it is acceptable for there to be 90% survival in the control of an acute test
or 80% survival in the control of a chronic test. When Steel's Many-one Rank Testor the
Wilcoxon Rank Sum Test has determined a test concentration has a statistically significant
reduction from the control while higher concentrations are not statistically significant,
excluding this effluent concentration from analysis is the best response if it has close to
90% survival in an acute fish/mysid test or 80% survival in an acute daphnid or chronic
fish/mysid test. If the effluent concentration in question is the ACEC or CCEC in a test for
compliance monitoring with a WET limit, then the te st result is considered to be
anomalous (See Appendix D.).

Outliers
Labs may identify outliers if they choose to do so using an appropriate statistical
procedure (Gentleman Wil kds A statistic, Di xo

with the ou tliers both excluded and included. If outliers are to be excluded, then they
should be identified at both low and high ends of test organism performance. An
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important function of the WET database is to provide an accurate record of test
performance as well as effluent toxicity, and the exclusion of outliers will hide some
important features of test performance. Most labs are likely to continue not look ing for
outliers and includ ing results from all test chambers in calculations, and this is also how
we will be recording most test results. However, outlier identification is considered useful
in the following four circumstances:

U A lab suspects thata physical explanation (contaminated glassware, temperature
excursion, etc.)is responsible for one or two aberrant values and wishes to officially
exclude the results from those test chambers.Test organisms which were killed by a
documented physical accident do not need to be identified as an outlier in order for
the start count to be reduced (single mortalities) or the replicate to be dropped from
calculations (complete loss of a test chamber) Outlier identification is not a solution
for sporadic mortalities as discussed above in section 11.D. Sporadic Mortalities.

U If the lab and permittee choose to do so, aitlier identification may be used to meet the
power (statistical sensitivity) standards when the pooled variance has been adversely
affected by one or two values. Otherwise, outlier identification should not be used to
suppress test variability and bias hy pothesis testing.

U If the lab and permittee choose to do so, outlier identification may be attempted to
improve the concentration -response relationship of a test rejected for being
anomalous. If outlier identification provides an acceptable concentration -response,
then the test need not be repeated.

U Ouitlier exclusion may be used to meet the 15% coefftient of variation standard for
replicate subsamples taken to estimate initial density at the beginning of bivalve or
echinoderm survival and development tests. Only one subsample may be excluded.

4. NOEC Expression

When the lowest effluent concentration tested has a statistically significant difference
from the control, the NOEC must be expressed as < that lowest concentration(LOEC is
the low esttest concentration .). When the highest effluent concentration tested has no
statistically significant difference from the control, the LOEC should be expressed as >
that highest concentration (NOEC is the highest test concentration .).

If test concentrations with statistically significant reduction s in survival have been
excluded per EPA instructions from comparisons to determine the sublethal endpoint
NOEC and the highest of the remaining concentrations has no statistically significant
difference from the control, the excluded concentrations should be restored and the
sublethal endpoint NOEC determined from all concentrations to avoid a meaningless
NOEC/LOEC expression.

5. Dual Endpoint Tests

Labs sometimes provide their clients with acute test results from a 7-day chronic test.
This is called "dual endpoint testing.” To have a dual endpoint test, the 48-hour survival
counts for mysids or 96-hour survival counts for fish from a 7-day chronic test are used
as the final counts in an acute test.Permittees should always be informed by the lab that
dual endpoint testing will deprive them of the advantages of a separate acute test run at
a cooler temperature, without daily renewals, and using older test organisms. Dual
endpoint tests must have the date and time of the 48-hour count (mysids) or the 96-hour
count (fish) recorded as the end of the acute testDual endpoint tests are acceptable with
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fathead minnows (Pimephales promelgsilverside minnows ( Menidia berylling, topsmelt
(Atherinops affini3, and the Atlantic mysid (Americamysis bahjaThe required chronic test
conditions take precedence over the acute in a dual endpoint test.

Acute tests derived from 7-day Ceriodaphniahronic tests are not acceptable because this
chronic test fails to meet the minimum number o f test organisms required in an acute
test. The setup of the Ceriodaphniahronic test (1 daphnid per chamber) makes Fisher's
Exact Test the only option for analyzing survival causing a loss in sensitivity .

Reference Toxicant Tests

Careful and long consideration have led to the conclusion that the only reference toxicant test
results useful for interpreting WET test results are from concurrent reference toxicant tests. A
reference toxicant test has little relevance to a WET test result from which itis separated in time
by as much as 15 to 30 days. Gncurrent reference toxicant testing is the only method that
produces a true positive control for a toxicity test . No reasonable person would use a negative
control separated by 15 to 30 days from a toxicty test. For this reason, we feel justified in
seeking a more relevant and costeffective method for relating lab performance to the
interpretation of an individual WET test result. See Section G below for more information.

However, routine r eference toxicant testing is irreplaceable as an ongoing evaluation of
intralaboratory variability. If labs use the same reference toxicant and a similar dilution series,
then interlaboratory comparisons are also possible. Labs trying a new test method or with a
concern about a routine test gone awry often seek reference toxicant test results from other labs.
Reference toxicant test results reflect both test organism sensitivity and lab technique. When
assessed over time, reference toxicant test results form the basifor test method quality control
by a lab. Monthly reference toxicant testing is adequate for this quality control task .

The minimum reference toxicant testing needed to meet our interpretation of the requirements
in the EPA manuals (both sections 4.7 and4.16) is

¢ One reference toxicant testper month for every acute and 7-day (short-term) chronic test
species used routinely (more than once per month).
0 Because an acute test result can be determined during a tlay chronic test, acute
and chronic referencetoxicant testing for a fish or mysid can be combined.
¢ Concurrent reference toxicant testing is required for:
o0 All nonroutine tests (test performed once per month or less).
0 Alltests conducted with bivalves or echinoderms.
0 Testing with plants.
0 Tests usingorganisms or brood stock collected from the wild.
¢ A batch of tests may be covered by the same reference toxicant test if conducted the same
day using gametes from the same spawning.
e Labs getting test organisms from a supplier that does not routinely conduct reference
toxicant testing must conduct a reference toxicant test on each shipment of organisms.
¢ Reference toxicant test results from test organism suppliers cannot substitute for the
reference toxicant testing required to demonstrate ongoing lab performance. Organisms
tested with reference toxicants by suppliers have not been packaged and shippedand the
dilution water and other test conditions will d iffer between the labs.
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All labs must conduct ongoing control charting based on reference toxicant testing and report
the results, acceptable or unacceptable, in the report for each effluent or ambient water test.
Acceptability must be based upon recommendations in the EPA manuals.

The Ecology staff person with primary responsibility for reference tox icant testing requirements
is the toxicologist in the Environmental Laboratory Accreditation Program. This person reviews
standard operating procedures (SOPs) and quality assurance manuals for toxicity tests and
performs on-site evaluations as part of the lab accreditation process.For bioassay labs to acquire
and maintain accreditation they must perform at least one reference toxicant test every six
months. Except for ASTM E 1022 and E 1706 and other bioaccumulation/bioconcentration tests,
this requirement applies to all effluent, sediment, soil and dangerous waste characterization
type bioassay methods for which accreditation is sought. Even if a lab does not conduct any
tests on environmental samples using a particular species/method within a six -month period, it
must perform a reference toxicant test as an accreditation requirementat least every six months.
Such tests must be separated by at least four months to assure that the lab can demonstrate
proficiency with the species and methods for which it is accredited. If you have questions
regarding accreditation of bioassay labs, contact Ecology's Lab Accreditation Unit at (360) 895
6149, fax 8956180, or email pbra461@ecy.wa.gov

Ongoing Control Mean and CV Reporting

For the sublethal endpoint from each chronic WET test in a report the lab must report the means
and coefficients of variation (CV) from the last twenty (or however many are available) dilution
water controls, regardless of test material or location of source. The means and CVs may either
be in the form of a table or a QC-plot. The information will serve to spot tests with unusual
control response or statistical sensitivity. Labs are encouraged to also use this information to
spot trends and aid in quality control for cultur ing, dilution water preparation, and testing.

Water Quality Measurements

1. Purpose

Water quality measurements are important for controlling test conditions and can aid in
test interpretation. The Parameters and Schedule below must be followed and the list
notes circumstances when water quality measurements affect test acceptability.

Labs may use an extra replicate at each concentration for water quality measurements

for any test when disturbance of test organisms is a concern. Bivalve and echinoderm
tests should have an extra replicate at each concentration just for this purpose and have a
different measurement schedule. [DO, pH, and salinity are measured in each test
concentration and the control at the beginnin g of all bivalve and echinoderm tests.
Temperature must be measured continuously in at least two locations and recorded at

the beginning and end of a test andat 24-hours (development tests) or just after eggs are
added (fertilization test). ] All samples must have measurements as specified below.
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2. Parameters and Schedule

Temperature : Experience has shown that inadequate monitoring and maintenance of
temperature contribute to poor control performance and to test variability. Failure to
adequately measure and control temperature will cause test reports to be rejected.
Continuous temperature monitoring is required by section 4.6.10f all of the EPA manuals
in at least one representative location inside the environmental chamber, and the records
kept for audi ts.

In the instructions for each test type (in section numbers which vary from test to test in

the manuals), EPA requires temperature measurement in at least one test chamber at each
concentration and the control at the beginning of eachtest and daily thereafter for most
tests. These testspecific sections also require that temperature be measured in a sufficient
(but unquantified) number of test vessels at the end of the test to determine temperature
variation within the environmental ¢ hamber. In addition, some of these same testspecific
sections repeat the requirement from section 4.6.1 for continuous temperature monitoring
and increase the minimum number of locations to two.

It would be better if temperature measurement were done based on location within the
test setup rather than on test concentration. One temperature measurement at each
concentration will not be enough for drawing conclusions about temperature effects on
concentration-responseif container positions are randomized . Depending upon the
randomization , selecting one chamber per test concentration might not provide
temperature measurements at all locations of concern (edges, corners, middle) within the
test setup. Extra effort is needed to get a temperature measurement ateach test
concentration while maintaining proper randomization and keeping technicians as blind
as possible to test chamber identity. Directing temperature measurements to one test
chamber per concentration is not consistent with the use of surrogate chanbers since a
surrogate chamberis not one of the replicates in a test concentration

There is little advantage to using surrogate test chambers for temperature measurement.
Surrogate test chambers obviously cannot be used for other parameters such as disslved
oxygen or pH. Temperatures can be different in test chambers relative to surrogate
chambers because of differences in evaporation rate, the activities of test organisms, or
the color of solutions. Surrogate test chambers must be cleaned regularly andrefilled
with clean water.

Temperature measurementsto at least a tenth of a degreemust be made at the beginning
of a test, daily during the test (before renewal if solutions are renewed that day), and at
test termination by one of the following options in order of preference:

1. Temperature may be monitored in at least one test chamber per concentration.
Use the randomized chamber positions to select test chambers for temperature
measurementsthat are in representative locations near corners edges and the
middle of the test setup.

2. Temperature may be measured in at least six locations(one on each corner and
two near the middle of each half) with in the test setup without regard to
concentration.

3. The use of surrogate test chambers for temperature monitoring is allowed as long
as they are similar in size, volume of contents, and location to test chambers. At
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least one surrogate test chamber should be used on each shelf of the incubator
with some in the middle and some near the edge. Temperature measurements
must also be made in test solutions at a minimum of six locations (one on each
corner and two near the middle of each half) within the test setup at test
termination in order to assess the variability of temperature between test
chambers and to provide a comparison to the surrogate chambers.

Dissolved oxygen is measured in the control and in at least one test chamber at every
effluent concentration once per day at a minimum and often enough to detect any drop in
DO before test organisms are adversely affected DO must be measured in samples and in
one test chamber at eacheffluent concentration at test initiation to determine if levels are
adequate (or to detect supersaturation). DO should be checked again several tours later
to see if it has dropped sufficiently to cause concern.|f DO does not drop significantly,
then it may be measured once per day (before and after any test solution renewal).DO
measurements are required in order to justify aeration of the sample or test chambers.
Test results will be rejected if aeration is done when not justified or if DO is allowed to
persist at levels lower than that specified in the test method.

pH is measured in samples and in the control and one test chamber at each concentration
at the beginning of a test, daily during the test (before and after renewal if solutions are
renewed that day), and at test termination. pH must be measured to a tenth of a unit.

Total ammonia is measured in all samples which might contain ammonia (all municipal
effluents and any industry with the potential for ammonia). Caution should be exercised
so that permittees do not have to pay for a toxicity identification evaluation to discover
that ammonia was the cause of noncompliance.

Total residual chlorine is measured in all samples which might contain chlorine (all
municipal effluents and any industry with the potential for chlorine).  Chlorine must also
be measured in each batch of dilution water if prepared from tap water. Caution should
be exercised so that permittees do not have to pay for a toxicity identification evaluation
to discover that chlorine was the cause of noncompliance.

Conductivity is measured in all samples and in the control and one test chamber ateach
test concentration at the beginning of a test using freshwater organisms, prior to test
solution renewal, and at test termination .

Salinity is measured in the dilution water control, the brine control, and in at least one
test chamber at every effluent concentration at the beginning of a test using saltwater

organisms, prior to each test solution renewal, and at test termination. Reports will be
rejected if salinity is not maintained within accepted ranges in all concentrations

Total hardness and Total alkalinity are measured in all samples. They are both also
measured in the dilution water of a Il tests using freshwater organisms.

Both hardness and alkalinity measurements are expressed as mg/L calcium carbonate
but they are not measuring the same chemistry. Alkalinity is the ability of a solution to
neutralize acid due to carbonate, bicarbonate, and hydroxide anions. Hardness is the
sum of the calcium and magnesium cations paired with carbonates and bicarbonates.
Alkalinity and hardness only have calcium carbonate, calcium bi carbonate, magnesium
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carbonate, and magnesium bicarbonate in common. When alkalinity and hardness
measurements are similar, these are the main ions. When alkalinity is higher than
hardness, sodium and potassium might be present as carbonates and bicarbonag¢s and
all four metal cations might be present as hydroxides. When hardness is higher than
alkalinity, sulfates and chlorides are paired with calcium and magnesium. (See
Appendix J.) Measuring both alkalinity and hardness provides information helpful in
understanding dilution water chemistry, sample chemistry, ion sources, and potential
interactions with toxic substances. One recent example is referenced below.

Weber-Scannell, Phyllis K. and Lawrence K. Duffy. 2007.Effects of Total Dissolved
Solids on Aquatic Organisms: A Review of Literature and Recommendation for
Salmonid Species. American Journal of Environmental Scien8ed): 16

Deviations from Protocols and Acceptability Criteria

In order to have an imperfect test result accepted, a lab mustcontact Randall Marshall at 360-
407-6445 orrmar461@ecy.wa.govduring or immediately following the test. If acceptance has
beengiven, the lab must document the test deviation s and the telephone conversation or e -
mail exchange in the test report. Labs making few requests and showing a willingness to repeat
deficient tests will be more likely to get occasional imperfect tests accepted As a reward for
honesty and accuracy, tests will be occasionally accepted even if lhe protocol was not followed
or the control failed performance criteria.

Acceptance is generally based upon:

Protocol deviations are minor and not likely to mask toxicity.

Valid statistical calculations can be performed successfully as described above n II.E.1.
The test resultsshow no significant toxicity.

Control acceptability criteria failures are accompanied by robust and consistent organism
performance at all other test concentrations.

Untimely arrival of samples for 7 -day chronic tests causesmost requests. The rules for accepting
7-day tests when the sample conditions in I1.B.2. above are not met are:

o If the first sample arrives past the 36-hour holding time or is too warm, then the test must
be rescheduled and started with another good sample.

¢ If the second sample arrives late, the test will be acceptd if daily renewals were
continued using the first sample and the second sample arrives with a good temperature.

o If the third sample arrives late, the test will be accepted if daily renewals were continued
using the second sample and the third sample arrives with a good temperature.

e A testis not acceptable if any sample arrives late and is first used more than 72 hours after
being taken. (The EPA maximum sample holding time was once set at72 hours.)

e Atestis not acceptable if both the second and third samples arrive late.

e Atestis not acceptable if any sample arrives late and is more than 8 C at receipt.

e Atestis not acceptable if any sample arrives late and the test result shows effluent pxicity
at levels of regulatory concern for the discharge.
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