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additional information or have any questions regarding this report, please contact us at 
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1.0 INTRODUCTION 

This report presents the results of an evaluation of mercury bioaccumulation from 

sediment collected at the Underwood In Lieu Fishing Access Site (ILFAS).  The 

evaluation of this supplemental sample collected in May 2008 was performed to provide 

bioaccumulation information from a reference sample more representative of the fine 

sediment in Northwestern Lake than was obtained from background sampling 

conducted in June 2007. This information will enhance the understanding of the 

potential impacts of the open water release of sediments from Northwestern Lake 

following the proposed removal of the dam.   

In December 2006, Kleinfelder, under contract to PacifiCorp Energy, collected sediment 

characterization samples from Northwestern Lake and reported the results in a 

Sediment Sampling and Analysis Report (March 2007).  This investigation concluded 

that the average concentration of mercury in the fine silts impounded behind Condit 

dam that comprise the Lower Basin dredged material management unit (DMMU) is 

approximately 0.72 milligrams per kilogram (mg/kg).  During this work, the maximum 

detected concentration of mercury in the sediments was 2.03 mg/kg in the surface 

sediment at a location (boring B-1) near the dam.  Laboratory bio-assays conducted on 

the sediment collected during this field work indicated that the sediment had no adverse 

effect on the life cycles of test species. 

The applicable current regulatory screening levels for mercury in fresh water sediments 

are found in the Northwest Regional Sediment Evaluation Framework (NWRSEF) 

(September, 2006) and are 0.28 mg/kg (lower screening level, SL1) and 0.75 mg/kg 

(upper screening level, SL2).  The NWRSEF states, “The lower screening level (SL1) 

corresponds to a concentration below which adverse effects to benthic organisms 

would not be expected, and the upper screening level (SL2) corresponds to a 

concentration at which minor adverse effects may be observed in the more sensitive 

groups of benthic organisms.” 

Because mercury concentrations were found in excess of the upper screening level 

(SL2), the Regional Sediment Evaluation Team (RSET), composed of representatives 

of various state and federal regulatory agencies, requested that PacifiCorp Energy 

collect supplemental information to confirm the elevated mercury concentrations found 

in sediment near the dam at boring location B-1 in Northwestern Lake, establish the 
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bio-availability of mercury found in the sediments through bioaccumulation studies of 

fish, worms, and clams, and ascertain background sediment mercury concentrations in 

the local area.  

The supplemental sampling and analysis was completed in July of 2007.  However, 

sediments collected as a reference sample from the Little White Salmon River and 

used as part of the bioaccumulation study were determined to not be representatively 

similar to the White Salmon River sediments.  Specifically, the Little White Salmon 

River sediments were composed of less than 70 percent fines, whereas the White 

Salmon River (and Northwestern Lake) sediments were typically 95 percent (or greater) 

fines.  Based on this, RSET requested an additional bioaccumulation study be 

performed with sediment from the Underwood In Lieu Fishing Access Site, which is on 

the White Salmon River and was shown to include sediments that are similar to those 

collected from Northwestern Lake. 

The data presented in this report are intended to further test the hypothesis presented 

in the March 2007 Sediment Report and the November 2007 Supplemental Evaluation 

of Mercury in Sediments Report, which suggested that the elevated concentrations of 

mercury encountered in the fine-grained sediments impounded in Northwestern Lake 

behind Condit dam are due to naturally occurring background concentrations of the 

native element.  This hypothesis was developed based on the understanding that 

hydrothermal alteration associated with recent volcanic activity, such as that which has 

occurred with Mount St. Helens, is a known source of mercury.  Additionally, there are 

no known anthropogenic sources of mercury within the White Salmon River basin and 

high background concentrations of mercury have been documented in water quality and 

sediment samples on the Washington side of the Columbia River from previous studies. 

The information presented in this document is intended to satisfy the RSET and 

NWRSEF criteria.  Included in this report for comparison are the data provided in the 

November 2007 Evaluation of Mercury in Sediments Report.  

 

 



 

 

 

L:\2008\Projects\94175\Revised\POR8R109.doc  December 4, 2008 
© 2008 Kleinfelder Page 3 of 25 

2.0 BACKGROUND INFORMATION 

The following sections describe the project and sampling history, the site ranking 

criteria, and proposed dredging and sampling parameters. 

2.1 PROPOSED ACTION  

Northwestern Lake sediments are proposed to be released in an “open-water” fashion 

during the decommissioning of Condit dam.  Since the construction of the dam and 

formation of the lake, the natural transport of sediments by the White Salmon River has 

been disrupted, and the sediments previously transported to the Columbia River are 

now deposited in the slack water of Northwestern Lake.   

The removal of Condit dam would initiate the discharge of a portion of the impounded 

sediment into the lower White Salmon River, a tributary of the Columbia River.  As the 

U.S. Army Corps of Engineers (USACOE) Portland District stated in a letter dated 

December 15, 2004, “Because the sediment will settle out within the river systems, the 

project would result in unconfined aquatic disposal of sediments into the Lower 

Columbia River system.”  Unconfined aquatic disposal of sediments is regulated by the 

USACOE.  The Regional Sediment Evaluation Team; composed of: the USACOE’s 

Seattle District, Portland District, Walla Walla District, and Northwestern Division; in 

collaboration with the U.S. Environmental Protection Agency (EPA) Region 10; 

Washington Department of Ecology (WDOE), Washington Department of Natural 

Resources (WDNR); Oregon Department of Environmental Quality (ODEQ); Idaho 

Department of Environmental Quality (IDEQ); National Marine Fisheries Service 

(NMFS); and the U.S. Fish and Wildlife Service (US F&WS); has developed a 

framework for evaluating sediments and the suitability of disposing those sediments in 

the Pacific Northwest.  This framework is presented in the Northwest Regional 

Sediment Evaluation Framework, Interim Final, September 2006.   

The sediments were physically and chemically characterized in 1994 and again in 

2006/2007.  In addition, information on the bioaccumulation of mercury was evaluated 

for fish, clams, and aquatic oligochaete worms.  To assist with the continued evaluation 

of the bioaccumulation of mercury, Kleinfelder prepared a Sampling and Analysis Plan 

(SAP).  The objective of this SAP was to detail the collection location, procedures, and 

analytical methods to be used to obtain the bioaccumulation data to supplement the 
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existing data presented in previous sediment characterization reports for the Condit 

Hydroelectric Project. 

2.2 PROJECT DESCRIPTION 

The Condit Hydroelectric Project is located along the White Salmon River above 

Washington State Highway 14 on the border between Klickitat and Skamania Counties, 

approximately 3.3-miles upstream from the confluence of the White Salmon and 

Columbia Rivers (Figure 1).  The U.S. Geological Survey (USGS) topographic 

coordinates for the reservoir are Sections 2 and 3, Township  3 North, Range 10 East, 

Willamette Meridian (Sec. 2 and 3/T3N/R10E W.M.).  The Condit Project includes a 

125-foot high concrete dam across the White Salmon River that diverts water into a 

5,100-foot long wood stave flowline.  The wood stave flowline conveys water to a surge 

tank, where the water is diverted into two pipes (penstocks) for delivery to two turbine 

generators in the powerhouse downstream of the dam. 

The Condit Project is owned and operated by PacifiCorp Energy and is regulated by the 

Federal Energy Regulatory Commission (FERC) as Project No. 2342.  It has been in 

operation since construction was completed in 1913.  The name of the reservoir behind 

the dam is Northwestern Lake.  Northwestern Lake is approximately 1.8-miles long with 

a surface area of approximately 92 acres.  The pool elevation listed on the USGS 

Northwestern Lake topographic map (1983 Edition) is 294 feet above mean sea level 

(msl).  At the time of its construction, the depth of water in the reservoir ranged from 

approximately 15 to 110 feet.  Since the construction of the dam, the reservoir has been 

collecting sediments brought in by the White Salmon River.  As of 1990, the depth of 

water in the reservoir reportedly ranged from approximately 3 to 85 feet. 

2.3 PREVIOUS INVESTIGATIONS 

Bathymetric surveys of the reservoir were conducted by PacifiCorp Energy in 1990, 1997, 

and 2006.  The sediments in Northwestern Lake, located behind Condit dam, were 

investigated by advancing ten borings for the collection of sediment and bedrock 

samples in 1994.  The results of the 1994 investigation were presented in a report 

prepared by Squier Associates, entitled “Condit Hydroelectric Project (FERC Project 

No. 2342), Northwestern Lake Sediment Characterization Study, White Salmon, 

Washington,” dated April 29, 1994.  The 1994 investigation was developed in general 
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accordance with the protocols of the Puget Sound Dredge Disposal Analysis (PSDDA) 

program.   

The 1994 sediment characterization testing program consisted of both geotechnical and 

environmental testing.  The geotechnical testing parameters included the following: 

• soil classification 

• moisture content 

• grain-size analysis 

• unit weight determination 

The geotechnical testing indicated that the reservoir sediments consist mainly of fine-

grained materials in the downstream deep pool area and granular materials in the 

upstream area.  Located in the middle of the reservoir is a transition area where the 

upstream granular sediments have overridden the deep pool, fine-grained sediments.   

The interpretation of the 1994 environmental testing results indicated that the metal 

concentrations were within expected background levels.  However, remnant pesticides 

and herbicides were detected in the intermediate-aged sediments in the reservoir. 

A second investigation of the sediments was conducted by Squier Associates in 1997.  

The results of that second investigation were presented in a report entitled, “Additional 

Geotechnical Exploration and Laboratory Testing at the Condit Hydroelectric Project 

(Contract No. P018780)” dated November 20, 1997.   

In 1998, the cooperative interagency/intergovernmental team consisting of the USACOE, 

EPA Region 10, WDOE, WDNR, and ODEQ produced the Dredged Material Evaluation 

Framework, Lower Columbia River Management Area (DMEF).  The DMEF established a 

tiered system for ranking the suitability of unconfined aquatic disposal of sediments at 

proposed dredging sites.  The DMEF Tier I used existing information to conclude 

whether or not there is “enough information to determine if project meets exclusion 

ranking.”  Exclusionary ranking was a management area ranking that provided the least 

stringent characterization requirements.  Projects from specific areas listed in the DMEF 

were awarded the exclusionary ranking.  Northwestern Lake currently was not located 

in one of the listed zones for exclusionary ranking.  The exclusionary criteria also 

included sediments that were to be used for beach enhancement and sediments whose 
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final placement would be the same substrate as their origin.  The Northwestern Lake 

sediments did not meet either criterion.  

Exclusionary ranking was also awarded to locations whose sediments had at least 80% 

sand retained on a number (No.) 230 sieve (i.e., less than 20% fines) and a total 

volatile solids (TVS) content of less than 5.0%.   Mechanical sieve analysis of the 

sediments collected from the upstream portion of Northwestern Lake demonstrated that 

those sediments met the criterion of having less than 20% fines.   

However, in order to determine if the 1994 data were suitable, the data were first 

compared to the framework of Tiers II and IIB.  Consequently, it was concluded that the 

sediments from Northwestern Lake (as one discrete unit) did not meet the criteria for 

exclusionary ranking.  It was further concluded that the low management area ranking 

was appropriate.  The Northwestern Lake sediment source location met the following 

criteria for low management area ranking: 

• Low concentrations of chemicals of concern (COC) 

• Some locations of higher percentages of fines 

• Few sources of potential contamination 

The DMEF allowed for the creation of dredged material management units (DMMUs), 

which are subdivisions of a sediment-generating project site that represent sediments 

similar in nature.  Based on this understanding, the Northwestern Lake sediments were 

segregated into two DMMUs: the lower basin sediments and the upstream gravels of 

the upper reservoir.  The segregation into two DMMUs provided for one Low 

management area ranking of homogenous sediments (Lower Basin) and one area of 

exclusionary ranking (Upper Reservoir).  The homogeneity of the sediments was 

supported by the 1994 mechanical sieve data.  Based on the information presented in 

the 1994 Condit Study, the lower basin included about 51% of the sediments 

(approximately 1,122,000 cubic yards).   

The DMEF requirement for a homogeneous Low Management Area Ranking DMMU 

was one sample per 100,000 cubic yards.  Accordingly, 12 samples were proposed to 

characterize the 1,122,000 cubic yards of sediment. 

In December 2006, Kleinfelder (formerly Squier Associates and Squier | Kleinfelder) 

conducted additional sediment sampling in the lower basin of Northwestern Lake in 
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order to obtain current data on the chemical characterization of the fine-grained 

sediments.  A total of 15 probes were advanced into the fine-grained sediments for the 

collection of 12 project and three quality control samples.  The analytical results were 

compared to the screening levels provided in the USACOE’s Dredged Material 

Evaluation Framework, Lower Columbia River Management Area, November 1998.  

The sampling and analysis plan developed for the 2006 phase of sediment sampling 

was approved by the USACOE in August 2006.   

The data that were collected during implementation of the 2006 SAP were intended to 

satisfy the requirements of the USACOE in accordance with the applicable Tier IIB and 

Tier III testing guidelines as presented in the DMEF.  However, the RSET introduced 

the Interim Final of the NWRSEF in September 2006.  The NWRSEF provides more 

stringent fresh water screening criteria (compared to marine screening criteria) and 

divides the screening criterion into two discrete levels (SL1 and SL2).  The mercury 

concentrations reported for four of the 12 project sediment samples and the three 

duplicate samples collected in December 2006 exceeded the SL2 criterion (0.75 mg/kg) 

for mercury.   

Supplemental sediment sampling and analysis were performed in July of 2007 to 

confirm sediment mercury concentrations, establish mercury background levels, and 

assess bioaccumulation as requested by members of the RSET.  Ten samples were 

collected from the Northwestern Lake and White Salmon River region.  Sample results 

again indicated the presence of mercury in fine-grained surface sediments located near 

the dam, but at lower concentrations than previously found.  Additional sediment was 

collected from Northwestern Lake and from a reference site on the Little White Salmon 

River (near the fish hatchery) to be used as part of the mercury bioaccumulation study.  

Clam and aquatic oligochaete worm tissue tested after laboratory exposure to 

Northwestern Lake sediments indicated that mercury was accumulating in aquatic worm 

tissue but not in clam tissues.  Fish tissues collected from specimens captured in 

Northwestern Lake were also found to have accumulated mercury.   

The reference sediment sample collected from the Little White Salmon River did not 

contain a similar percentage of fine-grained sediments as the sample from 

Northwestern Lake.  Because the reference sample was not representative of fine 

sediments such as those contained in Northwestern Lake, the RSET requested that 

another bioaccumulation study be performed with sediment collected at the Underwood 
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In Lieu Fishing Access Site (Figure 2).  Physical testing of sediment from the 

Underwood In Lieu Fishing Access Site demonstrated that sediment at that location 

was more characteristically similar to the sediment collected from Northwestern Lake. 



 

 

 

L:\2008\Projects\94175\Revised\POR8R109.doc  December 4, 2008 
© 2008 Kleinfelder Page 9 of 25 

3.0 SITE EXPLORATION METHODOLOGY AND LOCATION 

The following sections discuss the methodologies and protocols used to complete the 

field portion of this project.  

3.1 SUPPLEMENTAL SAMPLING AND ANALYSIS PLAN  

Kleinfelder submitted a Sampling and Analysis Plan for the Evaluation of Mercury 

Bioaccumulation at the In-Lieu Fishing Access Site (SSAP) to PacifiCorp Energy on 

April 15, 2008 (April 2008 SSAP).  A copy of the SSAP is included in Appendix A.  After 

PacifiCorp Energy’s review and approval, the April 2008 SSAP was submitted to RSET 

for review and approval.  The objective of the April 2008 SSAP was to provide a 

systematic approach to collecting additional sediment characterization data that would 

supplement the existing data presented in the November 2007 Supplemental 

Evaluation of Mercury in Sediments Report (2007 SEMSR).  The data collected during 

implementation of the April 2008 SSAP are intended to satisfy the requirements of the 

RSET in accordance with the NWRSEF. 

The Project Review Group (PRG) (consisting of a representative from Army Corps of 

Engineers, National Marine Fisheries Service, and Washington Department of Ecology) 

approved the April 2008 SSAP on May 9, 2008, in a transmittal to PacifiCorp Energy 

(Appendix B).  The Washington Department of Fish and Wildlife provided a Hydraulic 

Project Approval on May 5, 2008, that authorized the sampling program to proceed at 

the Underwood In Lieu Fishing Access Site.  A copy of the Hydraulic Project Approval is 

also included in Appendix B.   

3.2 SAMPLING DATE, LOCATION, AND FIELD DOCUMENTATION 

A team consisting of two Kleinfelder representatives conducted the field work to collect 

the sediment sample.  The sediment sample was collected from the Underwood In Lieu 

Fishing Access Site on May 21, 2008. The sample collected at the Underwood In Lieu 

Fishing Access Site was labeled ILFAS-052108. The location of the sample point was 

determined with a Global Positioning System (GPS) unit with a minimum of three 

satellite points for reference. The coordinates of this sampling location and the other 

sampling locations from the Northwestern Lake sediment sampling characterization 

effort are included in Table 1. The sample collection location is shown in Figure 2. 
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The sediment sampling location was documented by a member of the Kleinfelder field 

team in the field notes, which were maintained during sampling operations.  Included in 

the field notes was the following information: 

• Names of the individuals onsite during sample collection 

• Weather conditions 

• Depth to top of sediments (mudline) at sampling station 

• Date and time of collection of sample 

• The sample identification number 

• Physical sediment description, including general soil classification and observations 

for the presence of vegetation, debris, evidence of biological activity, and other 

distinguishing characteristics or features 

• Any deviation from the approved sampling plan 

The sediment sample for chemical analysis testing was immediately placed in properly 

labeled, laboratory-supplied glass jars with Teflon®-lined lids that were then placed on 

ice.  Containers were filled as tightly as possible, eliminating obvious air pockets.  With 

the cap liner's Teflon® side down, the cap was carefully placed on the opening of the 

container, displacing any excess material.  A bulk sample for use in the exposure 

process of the bioaccumulation testing was placed into three clean, 5-gallon plastic 

buckets with clean lids. 

The sampling containers were labeled with: the project name, sample identification, 

date, and time and referenced by entry into the field logs.  New, disposable nitrile 

gloves were worn before the sample was collected and changed, as needed, during the 

collection of the sample as several containers were filled.   

3.3 SAMPLE TRANSPORT AND CHAIN-OF-CUSTODY PROCEDURES 

Following sample collection, the samples were packed on ice in coolers.  A signed and 

dated chain-of-custody seal was placed on all coolers prior to removal from the site.  

The chain-of-custody records were maintained throughout all sampling activities and 

accompanied samples during shipment to the laboratory.  Information tracked by the 

chain-of-custody records included: sample identification number, date and time of 

sample receipt, and analytical parameters requested.   
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4.0 CHEMICAL AND PHYSICAL ANALYSES RESULTS  

Chemical and physical analyses of the sediment sample was conducted to determine 

the similarity of the reference sample collected at the Underwood In Lieu Fishing 

Access Site to the sediment samples collected from Northwestern Lake. The results of 

these analyses are presented and discussed below. 

4.1 CHEMICAL ANALYSES RESULTS 

A split of the sediment sample was delivered under chain-of-custody protocols to Apex 

Labs (Apex) in Tigard, Oregon, for chemical analysis.  The project sample collected on 

May 21, 2008, was tested for the following:   

• mercury concentrations by EPA Method 7471A 

• total organic carbon (TOC) by American Society for Testing and Materials 

(ASTM) Method D 4129-98M. 

The results of the chemical analyses are presented in Tables 2 and 3 along with the 

results from previously collected samples.  Copies of the analytical reports provided by 

Apex are included in Appendix C.  The results are summarized as follows: 

• The mercury concentration from the sediment sample (ILFAS-052108) obtained 

from the In Lieu Fishing Access Site in May 2008 was 1.20 mg/kg. 

• The mercury concentration in the sediment sample (SP5-071707) collected at 

this location in July 2007 was 0.72 mg/kg. Thus, the average of the mercury 

concentrations from sediment samples obtained from the In Lieu Site is 0.96 

mg/kg.   

• The sediment sample collected from Northwestern Lake in December 2006 

(sample B1-72) contained 2.03 mg/kg mercury.  The mercury concentrations 

reported for the seven supplemental samples collected from this same area in 

2007 were all less than the concentration detected in sample B1-72.  The 

average mercury concentration in the seven sediment samples collected in 

Northwestern Lake in July 2007 was 0.60 mg/kg (range 0.094 mg/kg to 0.881 

mg/kg).  When the sample from 2006 is included, the average concentration of 

mercury in surface sediment samples in the vicinity of the B1 sample location is 

0.78 mg/kg.  The mercury concentrations in the supplemental sediment samples 

appear to be more consistent with the average mercury concentrations derived 

from the data presented in the March 2007 Sediment Report.   
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• With an average concentration of 0.78 mg/kg at the B1 sample location, the 

average concentration of mercury in the 12 sample locations used to 

characterize sediments contained in the Lower Basin DMMU is 0.617 mg/kg. 

• The mercury concentration in the sample collected from the In Lieu Site in May 

2008 was almost twice the average concentration of mercury in the Lower Basin 

DMMU samples.   

• At the Underwood In Lieu Fishing Access Site, the percentage of total solids was 

67.6.  Total solids in Northwestern Lake sediment samples collected in July 2007 

ranged from 43.7 percent to 55.1 percent with an average of 50.4 percent (50.1 

percent if the 2006 sample is included).  Percent solids was not reported for the 

background sediment samples.   

Total organic carbon (TOC) in the sample collected at the Underwood In Lieu Fishing 

Access Site in May 2008 was 1.20 percent.  TOC in the samples collected in 

Northwestern Lake in July 2007 ranged from 0.86 percent (8,600 mg/kg) to 1.64 

percent (16,400 mg/kg) with an average of 1.37 percent (13,700 mg/kg) or 1.33 percent 

if the 2006 sample is included.  TOC in the sample collected from the In Lieu Site was 

similar to (slightly less than) the average TOC of the Northwestern Lake samples.  TOC 

was not reported for the sediment samples collected for evaluation of background 

concentrations of mercury.   

4.2 PHYSICAL PARAMETER ANALYSES RESULTS 

A representative spilt of the sample from the In Lieu Site was delivered to Kleinfelder’s 

soils testing lab in Beaverton, Oregon.  The sample was analyzed for grain size 

determination using ASTM D422 and ASTM D2487 methods.  The ASTM D422 

analysis used the following sieve sizes: 5-inch; 2.5-inch; 1.25-inch; 0.63-inch; 0.31-inch; 

and numbers 5, 10, 18, 35, 60, 100, and 200.  The fine-grained fraction (finer than No. 

200 sieve) was classified using hydrometer analysis.  Hydrogen peroxide was not used 

in the preparation for grain size analysis.   

The results of the grain size analysis are provided in Appendix D and are summarized 

in Table 4.  On the basis of the grain size analysis, Kleinfelder has classified the 

sediment in accordance with the Unified Soil Classification System, ASTM D 2487.  The 

sediment classification is presented in Table 4.  Note that the grain size composition of 

sediments from the locations sampled for background mercury levels are variable and 
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not uniformly consistent with the grain size composition of sediments from Northwestern 

Lake.   

4.3 COMPARISON OF FINDINGS TO NWRSEF SCREENING LEVELS  

The applicable, current regulatory screening levels for mercury in freshwater sediments 

are found in the NWRSEF.  These screening levels include a lower screening level 

(SL1) of 0.28 mg/kg and an upper screening level (SL2) of 0.75 mg/kg.  The sediment 

sample (B1-72) collected from Northwestern Lake in 2006 contained mercury at a 

concentration that exceeded the SL2 of 0.75 mg/kg, above which minor effects may be 

observed in more sensitive benthic organisms.  Five of the seven samples collected to 

evaluate the distribution of mercury in Northwestern Lake sediments in the vicinity of 

the sample B1-72 exceeded the SL1 screening level of 0.28 mg/kg, which is a level 

below which adverse effects to benthic organisms would not be expected.  Four of 

those five samples also exceeded the SL2 screening level.  The average mercury 

concentration for the seven samples (NW1-071807 through NW7-071807) also 

exceeded the SL1 screening level, and the average including the sample collected in 

2006 exceeded the SL2.  The sample collected from the In Lieu Site in May 2008 also 

exceeded the SL1 and SL2 screening levels. The concentration of mercury in the 

previous sample collected from In Lieu Site in July 2007 exceeded the SL1 and was 

just below the SL2.  Of the sediment samples collected to evaluate background 

mercury concentrations, only Mill Creek and In Lieu Site sediments contained mercury 

at levels that exceeded screening levels.  The concentration of mercury in sediment 

taken from Mill Creek exceeded the SL1 but not the SL2.   

4.4 QUALITY ASSURANCE AND QUALITY CONTROL   

Samples submitted to Apex Labs were initially analyzed for TOC and mercury using 

EPA Methods SW9060A and 6020, respectively, although the submitted chain of 

custody specified using Method ASTMD 4129-98M for TOC and EPA Method 7471A for 

mercury. Once this discrepancy was discovered Apex Labs resubmitted the samples to 

Columbia Analytical Services (CAS) in Kelso, Washington for analysis by the 

appropriate methods. The additional time required for re-analysis resulted in an 

exceedance of the method hold times.  The methods specify a hold time of 28 days, 

and the second set of tests were conducted 55 days after the hold time ended.  The 

two mercury methods should produce comparable results, and the two test results are 

very similar.  The mercury results were 1.14 mg/kg (Method 6020) and 1.20 mg/kg 
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(Method 7471).  The TOC methods produce results in different unit measurements.  

The TOC results were 37.6 mg/kg (Method 9060) and 1.20 percent (Method 4129).  

CAS-Kelso has provided a Case Narrative for their package of laboratory results 

submitted for this set of analyses (Appendix C).  No other anomalies or problems were 

noted. 

Our QA review of the data indicates that the data are valid and, therefore, are 

acceptable for use in accomplishing the project objectives.  Kleinfelder’s QA/QC review 

included an evaluation of both the laboratory and field QA/QC procedures and results.   
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5.0 MERCURY BIOACCUMULATION EVALUATION 

The State of Washington recognizes certain toxic substances in the environment as 

being bioaccumulative.  Bioaccumulation is the process wherein a member of the 

biosphere takes in a substance quicker than it will excrete the same substance.  This is 

a problem when the substance is toxic.  The bioaccumulated toxic substance can also 

be passed along from one species (prey) to another species (predator).  The larger the 

organism and the more active a carnivore an organism is, the greater the potential 

bioaccumulation.  Mercury is a recognized bioaccumulative toxic substance.   

To evaluate the bioavailability of mercury found in the sediments through invertebrate 

tissue analysis, bioaccumulation testing was conducted. Previous testing indicated the 

bioaccumulation of mercury in sediments collected from Northwestern Lake.  The 

purpose of the bioaccumulation study for sediment collected from the In Lieu Site was 

to evaluate the bioavailability of background mercury in sediment similar to that of 

Northwestern Lake. 

5.1 FIRST PHASE OF LABORATORY ACTIVITY FOR BIOACCUMULATION EVALUATION 

Kleinfelder provided NW Aquatic Sciences of Newport, Oregon with 15 gallons of 

sediment obtained from the In Lieu Site.  The sample was collected on May 21, 2008, 

and placed into clean, 5-gallon buckets dedicated to the bioaccumulation tests. 

The reference sample location (ILFAS-052108) was selected because, based on field 

observations and laboratory testing, sediment at this location most closely resembled 

the sediment collected from the sample locations in Northwestern Lake that had 

mercury concentrations in excess of screening levels.  A negative control sediment 

sample was collected by NW Aquatic personnel on May 21, 2008, from Beaver Creek, 

located about 8-miles south of Newport, Oregon.  The negative control sample was 

press sieved through a 1.0 millimeter screen. 

NW Aquatic conducted the exposure portion of the test using In Lieu Site test sediment 

and control sediments for a period of 28 days.  During this 28 day period, oligochaete 

worm of the species Lumbriculus were exposed to the sediments.  The exposures were 

conducted according to protocols based on EPA Method 100.3, EPA document 600/R-

99-024, EPA document EPA-B-98-004 (the Inland Testing Manual), and ASTM E-1688-

97a.  Five sets of animals were used to provide the appropriate controls and replicates.  
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Specific details of the test procedures are presented in NW Aquatic’s reports which are 

included in Appendix E.   

5.2 SECOND PHASE OF LABORATORY ACTIVITY FOR BIOACCUMULATION EVALUATION 

When the exposure period was completed, NW Aquatic provided the following sets of 

tissue samples to the Brooks Rand laboratory in Seattle, Washington: 

• Five sets of tissue comprised of Lumbriculus that were exposed to the In Lieu 

Site sediments. 

• Five sets of tissue comprised of Lumbriculus that were exposed to the control 

sediments. 

• Five sets of tissue comprised of Lumbriculus that were not exposed to any 

sediments.   

Brooks Rand laboratory composited each of the three groups of worms into three 

individual samples for analysis.  One sample represented the tissue exposed to the In 

Lieu sediment that was collected at a single location; one sample represented the 

tissue exposed to the control sediment that was from a single location from Newport, 

Oregon; and one sample represented the tissue that was not exposed to any sediment.  

Brooks Rand personnel homogenized separately each of the three individual 

composited oligochaete worm samples.  Homogenization blanks were also prepared at 

that time.   

The samples were tested for mercury using an appendix to EPA Method 1631.  Further 

information on the sample preparation is included in Brooks Rand’s report, which is 

included in Appendix F.  The results of Brooks Rand’s mercury analysis is included in 

Appendix F and are summarized in Table 5. 

5.3 BIOACCUMULATION EVALUATION TEST RESULTS 

Mercury was detected in all oligochaete worm tissue samples including the 

homogenization blank.  The level of mercury detected in the tissue of worms exposed 

to the Underwood In Lieu Fishing Access Site sediments was 0.186 mg/kg.  The tissue 

of worms exposed to the Northwestern Lake sediments collected in June 2007 had an 

average concentration of 0.347 mg/kg of mercury.  During bioaccumulation tests 

conducted on Underwood In Lieu Fishing Access Site sediments, mercury was detected 

in the pre-exposure worm tissue at 0.00133 mg/kg and in control worm tissue at 0.0106 

mg/kg.  During the previous bioaccumulation study of Northwestern Lake sediments 
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(collected in June 2007), mercury was detected in the pre-exposure worm tissue 

sample at an average of 0.00422 mg/kg and in control worm tissue at an average of 

0.01312 mg/kg.  The background level of mercury in the oligochaetes used in the 

bioaccumulation test appears to be approximately 0.003 mg/kg lower in the In Lieu Site 

study samples than in the Northwestern Lake samples, and the difference seems to be 

carried over into the controls.  Controls from the In Lieu Site sediment bioaccumulation 

study also contained mercury at a level approximately 0.003 mg/kg less than the levels 

observed in controls in the study of the Northwestern Lake sediments.   

The average concentration of mercury in oligochaetes exposed to sediments from 

Northwestern Lake was almost twice the concentration of mercury found in 

oligochaetes exposed to sediments from the Underwood In Lieu Fishing Access Site.  

The difference in the concentrations of mercury between pre-exposed worms and 

control worms in the two studies is not great enough to explain this difference.  These 

findings suggest that although the concentration of mercury measured in sediment from 

the Underwood In Lieu Fishing Access Site appears to be slightly greater than the 

average concentration measured in the samples from Northwestern Lake, the mercury 

in Northwestern Lake sediments is more bioavailable to Lumbriculus.  However, it 

should be noted that this comparison of mercury concentrations in sediment and 

mercury bioaccumulation in the oligochaetes is made on the basis of a single 

composite sample from the Underwood In Lieu Fishing Access Site. The use of a 

composite sample rather than a single individual sample allows greater confidence that 

the general concentration of mercury in the sediment at this location has been  

captured.  However, the composite sample consists of a blend of individual subsamples 

and does not allow for an assessment of the variability in mercury concentrations in 

sediments at this location.  Consequently, a single subsample containing a high 

concentration of mercury could raise the measured level of the entire composite 

sample.   

The Oregon Department of Environmental Quality (DEQ), a co-member of the RSET 

with WDOE and others, has published its Guidance for Assessing Bioaccumulative 

Chemicals of Concern in Sediment (April 3, 2007).  DEQ’s guidance provides the 

following numerical criteria for mercury. 

Acceptable Tissue Levels (ATLs): 
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• Humans  General / recreational: 0.40 mg/kg 

Subsistence / Tribal: 0.049 mg/kg 

• Mammals  Individual:    0.12 mg/kg 

Population:   0.20 mg/kg 

• Birds  Individual:   0.074 mg/kg 

Eagle eggs:   0.18 mg/kg 

 Population:   0.15 mg/kg 

 Osprey eggs:   0.89 mg/kg 

 
Freshwater Critical Tissue Level (CTL):  0.088 mg/kg 

 

In bioaccumulation tests on sediments from both the Underwood In Lieu Fishing Access 

Site and Northwestern Lake (all samples), oligochaete worms (Lumbriculus) 

accumulated tissue levels of mercury that exceeded the Freshwater CTL.  Assuming 

that indigenous oligochates will accumulate mercury to the same extent as the test 

organisms, this finding is a potential concern.  Assuming that fish and other organisms 

in the aquatic food web will have greater concentrations of mercury than the indigenous 

oligochaetes, and assuming that indigenous oligochaetes will accumulate mercury to 

similar levels as the Lumbriculus worm used in the laboratory tests, one can make 

tentative comparisons to ATLs and CTLs for other organisms.  For example, the 

concentration of mercury in the oligochaete worms exposed to the sediments from 

Underwood In Lieu Fishing Access Site exceed the Tribal and Subsistence Fishers 

Oregon ATL, the Oregon Avian Population and Individual ATLs, the Oregon Avian 

(Eagle) Egg ATL, and the Oregon Mammal Individual ATL.  Individual and average 

concentrations of mercury in Northwestern Lake sediments collected in 2007 exceeded 

these same ATLs, plus the Oregon Mammal Population ATL.  The oligochaete worm 

tissues from the pre-exposure sample, the control sample, and pre-exposed tissues did 

not exceed an Oregon ATL.   
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6.0 SUMMARY AND CONCLUSIONS 

Previous sediment sampling and analysis for environmental and physical characteristics 

of sediments were conducted to provide information on the distribution and 

bioavailability of mercury in Northwestern Lake.  Current sediment sampling and 

analysis were conducted to provide a comparison of the bioavailability of mercury in 

sediment from the Underwood In Lieu Fishing Access Site, which is similar, to the 

sediment found in Northwestern Lake.  The following conclusions are based on the 

information presented in this report:  

• Chemical analysis of  sediments at the Underwood In Lieu Fishing Access Site 

(White Salmon River) indicate that mercury is present.  The mercury concentration 

detected during the 2007 supplemental investigation was 0.72 mg/kg.  The mercury 

concentration detected during the May 2008 sampling was 1.20 mg/kg.   

• Chemical analysis of sediments in Northwestern Lake indicates that mercury is 

present.  The mercury has consistently been detected in the sediments since the 

sediment evaluation began in 1994.  Mercury concentrations detected in 

Northwestern Lake sediments during the 2007 supplemental investigation ranged 

from 0.094 mg/kg to 0.881 mg/kg.  Including the supplemental samples collected in 

2007, the average sediment mercury concentration concentration in the B1 sample 

location is 0.78 mg/kg, resulting in an average concentration of mercury in the 12 

sample locations used to characterize sediments contained in the Lower Basin 

DMMU of 0.617 mg/kg.  This average concentration exceeds the SL1 screening 

level of 0.28 mg/kg but is below the SL2 screening level of 0.75 mg/kg. 

• Physical analysis of sediments at the Underwood In Lieu Fishing Access Site (White 

Salmon River) indicate they are similar to the sediments collected from 

Northwestern Lake. Sediments from Northwestern Lake are predominantly silt with 

variable concentrations of clay and trace sand.  Sediments from the In Lieu Site had 

silt with clay and trace organics (May 2008 sample) and silt with trace sand (July 

2007 sample). 

• Mercury in background sediment collected from the In Lieu Site can bioaccumulate 

in worm tissue exposed to the sediment.  Although the average concentration of 

mercury was slightly greater in sediment samples from the In Lieu Site than in 

samples from Northwestern Lake, the bioavailability of mercury in Northwestern 
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Lake sediments appears to be greater based on results of laboratory 

bioaccumulation tests with the aquatic oligochaete worm Lumbriculus.  However, 

these comparisons were made on the basis of a limited number of samples, 

including only a single bioaccumulation test conducted on In Lieu Site sediments.   

• As previously stated, mercury is a native element commonly found in rocks 

associated with Cascade Range volcanic activity.  Numerous geologic publications 

discuss the presence of mercury in hydrothermally altered rocks, specifically argillic 

or fine grained rocks.  Hydrothermally altered rocks are related to volcanic activity.  

The White Salmon River receives direct runoff from nearby Mount Adams, a 

Cascades Range volcano and from the Big Lava Bed Geologic Area located west of 

the White Salmon River.  This might be the source of mercury found in the 

sediments.   

• According to USGS Professional Paper 1270, background mercury concentrations 

are considered to be between 0.32 mg/kg and 2.0 mg/kg in the White Salmon River 

area.  The mercury concentrations encountered in the 2007 sediment samples 

ranged from 0.014 mg/kg to 1.2 mg/kg.  In 2006, the mercury concentrations ranged 

from 0.020 mg/kg to 2.030 mg/kg, and in 1994, the mercury concentrations ranged 

from less than 0.025 mg/kg to 1.1 mg/kg.  The average mercury concentration in the 

fine grained sediments of Northwestern Lake sampled in 2007 is 0.6 mg/kg.  This 

average increases to 0.7 mg/kg when the 2006 sample results are included in the 

average.   

In summary, mercury is present in the fine-grained sediments impounded by Condit 

dam at levels that are within the range of background concentrations reported in the 

literature.  Mercury is also present in locations that represent background locations that 

should be unaffected by sediments contained within Northwestern Lake, including the 

Underwood In Lieu Fishing Access Site.  It is our opinion that the mercury at both 

locations arises from natural sources in the uplands drained by the White Salmon River.  

The mercury can be accumulated by the tested aquatic organisms and may 

bioaccumulate and possibly biomagnify in the food web.  The current mercury 

concentrations in sediments at both the Underwood In Lieu Fishing Access Site and 

Northwestern Lake might pose a potential health risk for individuals or populations of 

humans and animals that ingest a diet consisting primarily of tissue obtained from these 

locations.  
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It is important to note that the form of mercury present and mercury cycling are affected 

by a number of factors such as flow that might differ between Northwestern Lake and 

the other sampling locations, which appear to be more representative of lotic (free-

flowing water) rather than lentic (still water) conditions.  Thus, bioavailability of mercury 

in sediments at Northwestern Lake might change after sediments are released from the 

impoundment into more lotic conditions.   

Mercury in the environment is also constantly cycled and recycled (mercury cycling) 

through a biogeochemical cycle. The cycle has six major steps: degassing of mercury 

from rock, sediments, soils, or surface waters; movement in gaseous form through the 

atmosphere; deposition of mercury on land and surface waters; conversion of the 

element into insoluble mercury sulfide; precipitation or bioconversion into more volatile 

or soluble forms such as methylmercury; and reentry into the atmosphere or 

bioaccumulation in food chains.  Therefore, mercury concentrations can also vary due 

to the dynamic nature of mercury cycling in the environment. 

Biological and physical factors that can effect mercury concentrations and particularly 

methylation and demethylation of mercury are discussed in a technical memorandum in 

Appendix G.  The literature review conducted to assess the rate of mercury 

demethylation after the sediments are released from Northwestern Lake indicate that 

there are a number of factors that control mercury methylation and demethylation. 

Unfortunately, there is not sufficient site-specific information regarding the reservoir 

sediments and downstream environments in the White Salmon and Columbia Rivers to 

determine whether, or at what rate, mercury in the sediments in Northwestern Lake will 

undergo demethylation or methylation following the removal of Condit dam. 
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8.0 LIMITATIONS 

This work was performed in a manner consistent with that level of care and skill 

ordinarily exercised by other members of Kleinfelder’s profession practicing in the same 

locality, under similar conditions and at the date the services are provided. Our 

conclusions, opinions and recommendations are based on a limited number of 

observations and data. It is possible that conditions could vary between or beyond the 

data evaluated. Kleinfelder makes no other representation, guarantee or warranty, 

express or implied, regarding the services, communication (oral or written), report, 

opinion, or instrument of service provided.  

This report may be used only by PacifiCorp Energy and the registered design 

professional in responsible charge and only for the purposes stated for this specific 

engagement within a reasonable time from its issuance, but in no event later than two 

(2) years from the date of the report.  

Kleinfelder offers various levels of investigative and engineering services to suit the 

varying needs of different clients. It should be recognized that definition and evaluation 

of geologic and environmental conditions are a difficult and inexact science. Judgments 

leading to conclusions and recommendations are generally made with incomplete 

knowledge of the subsurface conditions present due to the limitations of data from field 

studies. Although risk can never be eliminated, more-detailed and extensive studies 

yield more information, which may help understand and manage the level of risk. Since 

detailed study and analysis involves greater expense, our clients participate in 

determining levels of service that provide adequate information for their purposes at 

acceptable levels of risk. More extensive studies, including subsurface studies or field 

tests, should be performed to reduce uncertainties. Acceptance of this report will 

indicate that PacifiCorp Energy has reviewed the document and determined that it does 

not need or want a greater level of service than provided.  

During the course of the performance of Kleinfelder's services, hazardous materials 

may have been discovered. Kleinfelder assumes no responsibility or liability whatsoever 

for any claim, loss of property value, damage, or injury that results from pre-existing 

hazardous materials being encountered or present on the project site, or from the 

discovery of such hazardous materials. Nothing contained in this report should be 

construed or interpreted as requiring Kleinfelder to assume the status of an owner, 

operator, or generator, or person who arranges for disposal, transport, storage or 
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treatment of hazardous materials within the meaning of any governmental statute, 

regulation or order. PacifiCorp Energy is solely responsible for directing notification of 

all governmental agencies, and the public at large, of the existence, release, treatment 

or disposal of any hazardous materials observed at the project site, either before or 

during performance of Kleinfelder's services. PacifiCorp Energy is responsible for 

directing all arrangements to lawfully store, treat, recycle, dispose, or otherwise handle 

hazardous materials, including cuttings and samples resulting from Kleinfelder's 

services. 

 

 

 

 

 

  









TABLE 1
SAMPLE POINT LOCATIONS WITH COORDINATES
NORTHWESTERN LAKE, WASHINGTON

Sample Point Description Sample Name latitude longitude northing Easting feet below sediment 
surface comments

Northwestern Lake NW1-071707 45.76830 121.53825 160362.593 1375455.849 1 vicinity of B-1 (N45.76825 / W121.53781)

Northwestern Lake NW2-071707 45.76818 121.53799 160317.964 1375521.621 1 vicinity of B-1 (N45.76825 / W121.53781)

Northwestern Lake NW3-071707 45.76842 121.53788 160405.106 1375550.843 1 vicinity of B-1 (N45.76825 / W121.53781)

Northwestern Lake NW4-071807 45.76847 121.53829 160424.714 1375446.457 1 vicinity of B-1 (N45.76825 / W121.53781)

Northwestern Lake NW5-071807 45.76866 121.53852 160494.766 1375388.677 1 vicinity of B-1 (N45.76825 / W121.53781)

Northwestern Lake NW6-071807 45.76865 121.53779 160488.668 1375574.913 1 vicinity of B-1 (N45.76825 / W121.53781)

Northwestern Lake NW7-071807 45.76833 121.53788 160372.289 1375550.411 1 vicinity of B-1 (N45.76825 / W121.53781)

Buck Creek no sample cobble to gravel sediment, no fines available

Little Buck Creek LBC-071807 45.77117 121.53925 161412.436 1375214.453 0.5 at confluence with Northwestern Lake

Mill Creek MC-071807 45.77547 121.53169 163687.211 1326134.593 0.5 at confluence with Northwestern Lake

Spring Creek BC-071807 45.77028 121.53951 161088.791 1375143.831 0.5 at confluence with Northwestern Lake

Salt Creek SP1-071707 46.1256 121.58598 290806.368 1365069.744 0.5 southwest of Mount Adams, lahar material

Trout Lake SP2-071707 46.00735 121.55015 247566.488 1373579.702 1 in marshy area 

Gilmer Creek SP3-071707 45.85725 121.50428 192684.111 1384537.475 0.5 at confluence with White Salmon River

Rattlesnake Creek SP4-071707 45.79726 121.48.551 170749.64 1389046.291 0.5

White Salmon River SP5-071707 45.72936 121.52377 146115.618 1378966.628 0.5 at boat dock, near confluence with Columbia River

Little White Salmon River LWS-071907 45.71852 121.64498 142588.662 1347956.739 0.5 below fish hatchery, near Columbia River

Wind River WR-071907 45.71708 121.79044 142637.214 1310796.723 0.5 near boat ramp, near Columbia River

In-Lieu Fishing Access Site ILFAS-052108 45.72931 121.52324 1
off boat dock, near confluence with Columbia River, 
almost exact location of previous sample identified 
as White Salmon River
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TABLE 2
ANALYTICAL DATA FOR MERCURY DISTRIBUTION ANALYSIS
NORTHWESTERN LAKE, WASHINGTON

Location
B-1 NW-1 NW-2 NW-3 NW-4 NW-5 NW-6 NW-7 In-Lieu Fishing 

Access Site

Sample # B1-72 NW1-071807 NW2-071807 NW3-071807 NW4-071807 NW5-071807 NW6-071807 NW7-071807 ILFAS-052108 average average

Depth Below Water Surface (feet) 72 72 71 72 25 70 70 69 15
7 

Supplemental 
Samples

7 
Supplement
al Samples 

and B-1 
Samples

Depth Below Sediment Surface (feet) 1 1 1 1 1 1 1 1 1

Sample Collection Date 18-Dec-06 18-Jul-07 18-Jul-07 18-Jul-07 18-Jul-07 18-Jul-07 18-Jul-07 18-Jul-07 21-May-08

Total Solids (percent) 48.0 43.7 49.5 52.6 52 55.1 48.4 51.6 67.6 50.4 50.1
Total Volatile Solids (percent) 4.01 5.74 5.85 5.18 4.33 3.67 5.47 4.71 4.99 4.87

Total Organic Carbons (percent) 1.05 1.55 1.56 1.64 1.10 0.86 1.56 1.35 1.20 1.37 1.33
Ammonia (mg/Kg) 2.88 26.9 21.3 18.7 18.4 11.0 19.7 16.1 18.9 16.9

Sulfide (mg/Kg) <0.5 <0.5 2.2 50.2 10.1 7.3 44.5 2.4 19.5 19.5
Mercury (mg/Kg) 2.03 0.881 0.774 0.647 0.832 0.856 0.105 0.094 1.20 0.60 0.78

NWRSEF Mercury SL1 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28
NWRSEF Mercury SL2 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75

percent passing 3/4-inch sieve 100 100 100 100 100 100 100 100 100 100.00 100.0
percent passing 1/2-inch sieve 100 100 100 100 100 100 100 100 100 100.00 100.0
percent passing 3/8-inch sieve 100 100 100 100 100 100 100 100 100 100.00 100.0
percent passing 1/4-inch sieve 100 100 100 100 100 100 100 99 100 99.86 99.9

percent passing #4 sieve 100 100 100 100 100 100 100 99 100 99.86 99.9
percent passing #8 sieve 100 100 100 100 100 100 100 99  - 99.86 99.9

percent passing #10 sieve 100 100 99 100 100 100 100 99 100 99.71 99.8
percent passing #16 sieve 100 100 99 100 100 100 100 99  - 99.71 99.8
percent passing #30 sieve 100 99 99 100 100 99 99 99  - 99.29 99.4
percent passing #40 sieve 100 99 99 99 99 99 99 99 100 99.00 99.1
percent passing #50 sieve 100 99 98 99 99 99 99 99  - 98.86 99.0
percent passing #100 sieve 100 98 98 99 98 99 98 98 100 98.29 98.5
percent passing #120 sieve 100
percent passing #200 sieve 100 95 94 96 92 97 93 93 98.7 94.29 95.0
percent passing #230 sieve 100
percent passing 2 micron 9 9 11 5 6 6 4 5 9 6.57 6.9

mg/Kg = milligrams per kilogram
NWRSEF Mercury SL1 = Northwest Regional Sediment Evaluation Framework Lower Screening Level
NWRSEF Mercury SL2 = Northwest Regional Sediment Evaluation Framework Upper Screening Level
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TABLE 3
ANALYTICAL DATA FOR MERCURY BACKGROUND EVALUATION
NORTHWESTERN LAKE, WASHINGTON

Location

Little Buck 
Creek Mill Creek Spring Creek Salt Creek Trout Lake Gilmer Creek Rattlesnake 

Creek
White Salmon 

River
Little White 

Salmon River Wind River
In-Lieu 
Fishing 

Access Site
average

Sample # LBC-071807 MC-071807 BC-071807 SP1-071707 SP2-071707 SP3-071707 SP4-071707 SP5-071707 LWS-071907 WR-071907 ILFAS-052108
Depth Below Water Surface (feet) 0.5 1 0.5 0.5 1 1 0 2 0 0 15 2.0

Depth Below Sediment Surface (feet) 0.5 0.5 0.5 0.5 1 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Date 18-Jul-07 18-Jul-07 18-Jul-07 17-Jul-07 17-Jul-07 17-Jul-07 17-Jul-07 17-Jul-07 17-Jul-07 17-Jul-07 21-May-08 14-Aug-07

Mercury (mg/Kg) 0.067 0.443 0.051 0.031 0.007 0.021 0.016 0.72 0.014 0.054 1.20 0.239
Mercury (mg/Kg) in samples< 200 sieve 0.85 1.2 0.73 0.29 0.11 0.08 0.10 0.48

NWRSEF Mercury SL1 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28
NWRSEF Mercury SL2 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75
Total Solids (percent) 51.4 33 19.1 73.2 27.1 58 75.3 56.3 63.9 49.3 52.4 50.8

percent passing 3/4-inch sieve 100 100 100 100 100 100 100 100 100 100 100 100
percent passing 1/2-inch sieve 100 100 100 100 100 100 71 100 100 100 100 97
percent passing 3/8-inch sieve 100 100 100 100 100 100 61 100 100 100 100 96
percent passing 1/4-inch sieve 100 100 100 100 100 100 55 100 98 100 100 96

percent passing #4 sieve 99 100 99 100 100 100 49 100 94 100 100 95
percent passing #8 sieve 99 99 98 100 98 100 42 99 86 100 100 93
percent passing #10 sieve 99 99 97 100 97 100 40 99 84 100 100 92
percent passing #16 sieve 98 98 94 98 93 98 37 98 81 99 100 90
percent passing #30 sieve 95 97 89 95 88 94 27 98 78 98 100 87
percent passing #40 sieve 91 97 87 94 85 78 18 98 75 98 100 84
percent passing #50 sieve 82 97 82 90 82 61 12 97 71 97 100 79
percent passing #100 sieve 65 94 60 65 74 40 6 97 52 91 100 68
percent passing #120 sieve 61 93 59 56 65 35 5 53
percent passing #200 sieve 53 89.2 45.7 20.4 59.2 23.3 3 95 30 68 98.7 53
percent passing #230 sieve 49.7 89.4 43.9 14.7 52.7 20.7 2.5 39
percent passing 2 micron 5 2 7 9 6

mg/Kg = milligrams per kilogram
NWRSEF Mercury SL1 = Northwest Regional Sediment Evaluation Framework Lower Screening Level
NWRSEF Mercury SL2 = Northwest Regional Sediment Evaluation Framework Upper Screening Level
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TABLE 4
SOIL CLASSIFICATION OF SEDIMENT SAMPLES
NORTHWESTERN LAKE, WASHINGTON

Sample 
Location

Percent retained USCS ASTMgravel sand silt clay
B1-72 0% 0% 91% 9% ML silt with some clay
NW-1 0% 5% 86% 9% ML silt with some clay
NW-2 0% 6% 83% 11% ML silt with some clay and trace sand
NW-3 0% 4% 91% 5% ML silt with trace clay and trace sand
NW-4 0% 8% 86% 6% ML silt with trace clay and trace sand
NW-5 0% 3% 91% 6% ML silt with trace clay and trace sand
NW-6 0% 7% 89% 4% ML silt with trace clay and trace sand
NW-7 0% 7% 88% 5% ML silt with trace clay and trace sand
LBC 1% 47% 52% - SM sandy silt with trace gravel
MC 0% 11% 89% - MH silt with some sand
BC 0% 54% 46% - SM silty sand
SP-1 0% 80% 20% - SM silty sand
SP-2 0% 41% 59% - SM sandy silt
SP-3 0% 77% 23% - SM silty sand
SP-4 45% 52% 3% - SP gravelly sand with trace silt
SP-5 0% 5% 95% - ML silt with trace sand
LWS 2% 70% 28% - SM silty sand with trace gravel
WR 0% 32% 68% - SM sandy silt
ILFAS 0% 1% 83% 16% ML Silt with clay and trace organics

USCS = Unified Soil Classification System designation
ASTM = classification according to American Society for Testing and Materials D 2488
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TABLE 5
COMPARISON OF BIOACCUMULATION ANALYTICAL RESULTS TO OREGON GUIDELINES
NORTHWESTERN LAKE, WASHINGTON

sample sample laboratory sample location ng/g mg/Kg Human ATL Avian ATL Mammals Freshwater
type number identification and / or identifier general tribal Individual Population Individual Population CTL

mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg
worms 1138G-01 07BR1309-01 pre-exposure sample 4.390 0.00439 0.40 0.049 0.074 0.18 0.15 0.89 0.12 0.20 0.088
worms 1138G-02 07BR1309-02 pre-exposure sample 4.160 0.00416 0.40 0.049 0.074 0.18 0.15 0.89 0.12 0.20 0.088
worms 1138G-03 07BR1309-03 pre-exposure sample 4.240 0.00424 0.40 0.049 0.074 0.18 0.15 0.89 0.12 0.20 0.088
worms 1138G-04 07BR1309-04 pre-exposure sample 4.340 0.00434 0.40 0.049 0.074 0.18 0.15 0.89 0.12 0.20 0.088
worms 1138G-05 07BR1309-05 pre-exposure sample 3.970 0.00397 0.40 0.049 0.074 0.18 0.15 0.89 0.12 0.20 0.088
worms NAS 1729G 0828032-03 pre-exposure sample 1.330 0.00133 0.40 0.049 0.074 0.18 0.15 0.89 0.12 0.20 0.088
worms 1172G-01 07BR1309-11 control sample 13.400 0.01340 0.40 0.049 0.074 0.18 0.15 0.89 0.12 0.20 0.088
worms 1172G-02 07BR1309-12 control sample 13.500 0.01350 0.40 0.049 0.074 0.18 0.15 0.89 0.12 0.20 0.088
worms 1172G-03 07BR1309-13 control sample 13.300 0.01330 0.40 0.049 0.074 0.18 0.15 0.89 0.12 0.20 0.088
worms 1172G-04 07BR1309-14 control sample 13.100 0.01310 0.40 0.049 0.074 0.18 0.15 0.89 0.12 0.20 0.088
worms 1172G-05 07BR1309-15 control sample 12.300 0.01230 0.40 0.049 0.074 0.18 0.15 0.89 0.12 0.20 0.088
worms NAS 1817G 0828032-01 control sample 10.600 0.01060 0.40 0.049 0.074 0.18 0.15 0.89 0.12 0.20 0.088
worms 1173G-01 07BR1309-16 Northwestern Lake 340.000 0.34000 0.40 0.049 0.074 0.18 0.15 0.89 0.12 0.20 0.088
worms 1173G-02 07BR1309-17 Northwestern Lake 346.000 0.34600 0.40 0.049 0.074 0.18 0.15 0.89 0.12 0.20 0.088
worms 1173G-03 07BR1309-18 Northwestern Lake 354.000 0.35400 0.40 0.049 0.074 0.18 0.15 0.89 0.12 0.20 0.088
worms 1173G-04 07BR1309-19 Northwestern Lake 340.000 0.34000 0.40 0.049 0.074 0.18 0.15 0.89 0.12 0.20 0.088
worms 1173G-05 07BR1309-20 Northwestern Lake 357.000 0.35700 0.40 0.049 0.074 0.18 0.15 0.89 0.12 0.20 0.088
worms 1174G-01 07BR1309-21 Little White Salmon River 4.980 0.00498 0.40 0.049 0.074 0.18 0.15 0.89 0.12 0.20 0.088
worms 1174G-02 07BR1309-22 Little White Salmon River 4.740 0.00474 0.40 0.049 0.074 0.18 0.15 0.89 0.12 0.20 0.088
worms 1174G-03 07BR1309-23 Little White Salmon River 4.460 0.00446 0.40 0.049 0.074 0.18 0.15 0.89 0.12 0.20 0.088
worms 1174G-04 07BR1309-24 Little White Salmon River 4.910 0.00491 0.40 0.049 0.074 0.18 0.15 0.89 0.12 0.20 0.088
worms 1174G-05 07BR1309-25 Little White Salmon River 4.980 0.00498 0.40 0.049 0.074 0.18 0.15 0.89 0.12 0.20 0.088
worms NAS 1818G 0828032-02 In-Lieu Fishing Access Site 186.000 0.18600 0.40 0.049 0.074 0.18 0.15 0.89 0.12 0.20 0.088

blank HB-07-0606-Hg 07BR0799-04 homogenizing blank 0.070 0.00007 0.40 0.049 0.074 0.18 0.15 0.89 0.12 0.20 0.088
blank HB-Hg-07-1022 07BR1309-41 homogenizing blank 0.650 0.00065 0.40 0.049 0.074 0.18 0.15 0.89 0.12 0.20 0.088
blank HB-Hg-07-0992 07BR1309-42 homogenizing blank 0.650 0.00065 0.40 0.049 0.074 0.18 0.15 0.89 0.12 0.20 0.088
blank HB-B081104-Hg 0828032-04 homogenizing blank

ng/g = nanograms per gram
mg/Kg = milligrams per kilogram

ATL = acceptable tissue level
CTL = critical tissue level
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Case Narrative 

 

 

 

Shipping and Receiving  
Brooks Rand Labs (BRL) received three biota samples on July 9, 2008 at 9:00 AM in a cooler 
with ice at a temperature of 3.3 degrees Celsius. The Chain-of-Custody (COC) form  total 
mercury (THg) and percent total solids (%TS). The samples were stored securely in a freezer 
within a locked storage room. The samples were received and stored according to BRL 
standard operating procedures (SOP) and EPA methodology. 

Preservation and Holding Time 
All method requirements for preservation and holding time were satisfied. 

Total Mercury by EPA Method 1631, Appendix (BR-0002) 
The samples were homogenized prior to digestion and analysis. A homogenization blank was 
taken from the equipment used for this process, and the result of this blank is included in this 
report. Samples were prepared and analyzed in accordance with EPA Method 1631. Samples 
were digested in nitric acid (HNO3) and sulfuric acid (H2SO4), and then further oxidized with 
bromine monochloride (BrCl). Samples were analyzed with stannous chloride (SnCl2) reduction, 
single gold amalgamation and cold vapor atomic fluorescence spectroscopy (CVAFS) detection 
using a BRL Model III CVAFS Mercury Analyzer. The results were method blank corrected as 
described in the calculations section of the relevant BRL SOP(s) and may have been evaluated 
using reporting limits that have been adjusted to account for sample aliquot size. Please refer to 
the Sample Results page for sample-specific MDLs, MRLs, and other details. 

 
Sequence 0800653 
The first calibration point (Cal1) and the second calibration point (Cal2) both produced low 
results. The analytical traps used (Traps B7 and B8) were tested and showed continued low 
recoveries.  The traps were retired from use. The calibration points were reanalyzed as Cal6 and 
Cal7 and included in the calibration without qualification. 
 
CCV4 was analyzed as a check of an analytical trap. The result was low and as such the trap was 
removed from use. CCV4, while labeled in the sequence as a CCV, does not serve as calibration 
verification in the sequence.  The failure of CCV4 in no way affects the QC of this sequence.  As 
a result it has not been reported and no results have been qualified based on its results. 
The matrix spike/matrix spike duplicate (MS/MSD) set was spiked above the typical level of 1-5 
times the native sample result. A post spike was analyzed at an appropriate concentration. All 
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quality assurance samples had recoveries that fell within the acceptance criteria. The MS/MSD 
results, along with the post-spike results were reported without qualification. 

 
 
 
 
 
 
 
 
 
 
 
We certify that this data package is in compliance with the terms and conditions of the contract, 
both technically and for completeness, for other than the conditions detailed above. In addition, 
BRL, an accredited laboratory (FL LAB ID E87982), certifies that the reported results of all 
analyses for which BRL is NELAP accredited meet all NELAP requirements. For more 
information please see the Report Information page in your report. Please feel free to contact us 
if you have any questions regarding this report. 
 
 
 
  
         _________________________  ___________________________ 
 

    Amy Durdle      Citron Choice 
  Project Manager                 Project Manager 

  amy@brooksrand.com    citron@brooksrand.com 
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Report Information 
 

Laboratory Accreditations 
BRL is accredited by the National Environmental Laboratory Accreditation Program (NELAP) through the State of Florida 
Department of Health, Bureau of Laboratories (E87982) and is certified to perform many environmental analyses. BRL is also 
certified by many other states to perform environmental analyses. For a current list of our accreditations/certifications, please visit 
our website at http://www.brooksrand.com/default.asp?contentID=586. Results reported relate only to the samples listed in the 
report. 

 
Common Abbreviations 

BLK method blank   MS matrix spike 

BRL Brooks Rand Labs MSD matrix spike duplicate 

BS laboratory fortified blank NR non-reportable 

CAL calibration standard PS post preparation spike 

CCV continuing calibration verification REC percent recovery 

CRM certified reference material RPD relative percent difference 

D dissolved fraction RSD relative standard deviation 

DUP duplicate SCV secondary calibration verification 

ICV initial calibration verification SOP standard operating procedure 

MDL method detection limit SRM standard reference material 

MRL method reporting limit T total recoverable fraction 

 
Definition of Data Qualifiers 

(Effective 6/12/08) 

B Detected by the instrument, the result is > the MDL but ≤ the MRL. Result is reported and considered an estimate. 

E  An estimated value due to the presence of interferences. A full explanation is presented in the narrative. 

H  Holding time and/or preservation requirements not met. Result is estimated. 

J  Estimated value. A full explanation is presented in the narrative. 

J-M  Duplicate precision (RPD) for associated QC sample was not within acceptance criteria. Result is estimated. 

J-N Spike recovery for associated QC sample was not within acceptance criteria. Result is estimated. 

M  Duplicate precision (RPD) was not within acceptance criteria. Result is estimated. 

N  Spike recovery was not within acceptance criteria. Result is estimated. 

R  Rejected, unusable value. A full explanation is presented in the narrative. 

U  Result is ≤ the MDL or client requested reporting limit (CRRL). Result reported as the MDL or CRRL.  

These qualifiers are based on those previously utilized by Brooks Rand, Ltd., those found in the EPA SOW ILM03.0, Exhibit 
B, Section III, pg. B-18, and the USEPA Laboratory Data Validation Functional Guidelines for Evaluating Inorganic 
Analyses; USEPA; July 2002. These supersede all previous qualifiers ever employed by BRL. 
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David King
KleinfelderOrganization:

Contact: BRL Project Reference:
BRL Work Order:

Report Date: BRL Project Manager:
KLE-BE0801

July 30, 2008 Citron Choice

0828032

ANALYTICAL REPORT FOR SAMPLES

Sample ID Received MatrixBRL ID Sampled

NAS 1817G 0828032-01 06/25/2008 Biota07/09/2008
NAS 1818G 0828032-02 06/25/2008 Biota07/09/2008
NAS 1729G 0828032-03 06/25/2008 Biota07/09/2008
HB-B081104-Hg 0828032-04 07/15/2008 DIW07/09/2008

3958 6th Avenue NW Seattle WA 98107 · P(206) 632-6206 · F(206) 632-6017 · brl@brooksrand.com · www.brooksrand.com 
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0828032

BATCH SUMMARY FOR SAMPLES

Analyte/Method Prepared Analyzed SequenceBatch

B08113807/24/2008 07/25/2008Hg by EPA Method 1631, Appendix 0800653

B08113907/23/2008 07/28/2008%TS by EPA Method 160.3 N/A

3958 6th Avenue NW Seattle WA 98107 · P(206) 632-6206 · F(206) 632-6017 · brl@brooksrand.com · www.brooksrand.com 
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0828032

 Analyte  Result MDL MRL Units Batch SequenceMethod Qualifier

SAMPLE RESULTS

Total or
Dissolved

0828032-01     Biota NAS 1817G
ng/g B0811380.930.3710.6Hg 0800653EPA Method 1631, Appendix

0828032-02     Biota NAS 1818G
ng/g B0811384.841.94186Hg 0800653EPA Method 1631, Appendix

0828032-03     Biota NAS 1729G
ng/g B0811380.100.041.33Hg 0800653EPA Method 1631, Appendix

0828032-04     DIW HB-B081104-Hg
ng/g B0811380.010.0040.004Hg U 0800653EPA Method 1631, Appendix

3958 6th Avenue NW Seattle WA 98107 · P(206) 632-6206 · F(206) 632-6017 · brl@brooksrand.com · www.brooksrand.com 
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0828032

 Analyte  Result MDL MRL Units Batch SequenceMethod Qualifier

SAMPLE RESULTS

Total or
Dissolved

0828032-01     Biota NAS 1817G
% B0811391.000.3011.65%TS N/AEPA Method 160.3

0828032-02     Biota NAS 1818G
% B0811391.000.3013.88%TS N/AEPA Method 160.3

0828032-03     Biota NAS 1729G
% B0811391.000.3013.63%TS N/AEPA Method 160.3

3958 6th Avenue NW Seattle WA 98107 · P(206) 632-6206 · F(206) 632-6017 · brl@brooksrand.com · www.brooksrand.com 
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0828032

QUALITY ASSURANCE SUMMARY
Accuracy and Precision

B081138 EPA Method 1631, Appendix Biota

Analyte Result Units
Sample 
Value

Spike 
Value % Recovery

% Recovery
Limits

Duplicate
RPD

RPD
Limits

BR-0002Batch: Method: SOP: Matrix:

Duplicate (0828032-01) B081138-DUP3
6 3010.7 ng/gHg  10.1

Matrix Spike (0828032-01) B081138-MS3
910.7 112 70-13010.7 ng/gHg  1030

Matrix Spike Duplicate (0828032-01) B081138-MSD3
952.4 111 4 3070-13010.7 ng/gHg  1070

Post Spike (0828032-01) B081138-PS1
37.24 111 77-12310.7 ng/gHg  52.0

Certified Reference Material (0830015, DORM-3) B081138-SRM2
382.0 81 75-125ng/gHg  311.1

Certified Reference Material (0822035, NIST 1547 - PeachB081138-SRM3
31.00 97 75-125ng/gHg  29.94

B081139 EPA Method 160.3 Biota

Analyte Result Units
Sample 
Value

Spike 
Value % Recovery

% Recovery
Limits

Duplicate
RPD

RPD
Limits

BR-1501Batch: Method: SOP: Matrix:

Duplicate (0828032-03) B081139-DUP1
3 1513.63 %%TS  13.19

3958 6th Avenue NW Seattle WA 98107 · P(206) 632-6206 · F(206) 632-6017 · brl@brooksrand.com · www.brooksrand.com 
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0828032

QUALITY ASSURANCE SUMMARY
Method Blanks/Detection Limits

Analyte Result Units

B081138 EPA Method 1631, Appendix BiotaBR-0002Batch: Method: SOP: Matrix:

Hg 
0.04 ng/gB081138-BLK1
0.04 ng/gB081138-BLK2
0.02 ng/gB081138-BLK3

0.00800 ng/gB081138-BLK4

Method Blank Summary 0.03 0.02 0.04 0.100.08 0.03
Average

Standard
Deviation

Average
Limits

StDev
Limits MDL MRL

Analyte Result Units

B081139 EPA Method 160.3 BiotaBR-1501Batch: Method: SOP: Matrix:

%TS 
-0.14 %B081139-BLK1
-0.12 %B081139-BLK2

Method Blank Summary 0.30 1.000.60 0.20
Average

Standard
Deviation

Average
Limits

StDev
Limits MDL MRL

3958 6th Avenue NW Seattle WA 98107 · P(206) 632-6206 · F(206) 632-6017 · brl@brooksrand.com · www.brooksrand.com 
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0828032

BR-00020800653 EPA Method 1631, Appendix BiotaMatrix:SOP:Method:Sequence:

Analyte % Recovery
0800653-CAL3

Result True Value
98Hg 489.8 500.0

Analyte % Recovery
0800653-CAL4

Result True Value
103Hg 2566 2500

Analyte % Recovery
0800653-CAL5

Result True Value
100Hg 10030 10000

Analyte % Recovery
0800653-CAL6

Result True Value
102Hg 25.57 25.00

Analyte % Recovery
0800653-CAL7

Result True Value
97Hg 97.07 100.0

Analyte % Recovery
% Recovery

Limits
0800653-CCV1

Result True Value
79 77-123Hg 393.4 500.0

Analyte % Recovery
% Recovery

Limits
0800653-CCV2

Result True Value
81 77-123Hg 405.8 500.0

Analyte % Recovery
% Recovery

Limits
0800653-CCV3

Result True Value
92 77-123Hg 459.2 500.0

Analyte % Recovery
% Recovery

Limits
0800653-CCV5

Result True Value
79 77-123Hg 394.0 500.0

3958 6th Avenue NW Seattle WA 98107 · P(206) 632-6206 · F(206) 632-6017 · brl@brooksrand.com · www.brooksrand.com 
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0828032

BR-00020800653 EPA Method 1631, Appendix BiotaMatrix:SOP:Method:Sequence:

Analyte % Recovery
% Recovery

Limits
0800653-CCV6

Result True Value
86 77-123Hg 431.9 500.0

Analyte % Recovery
% Recovery

Limits
0800653-ICV1

Result True Value
91 85-115Hg 1457 1601

3958 6th Avenue NW Seattle WA 98107 · P(206) 632-6206 · F(206) 632-6017 · brl@brooksrand.com · www.brooksrand.com 
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Peak Report
Batch Number: B081138

Method Number: 1631 Mod.
Project Number(s): 0800653 Date Analyzed: 7/25/08
Instrument ID: BR-05 Analyst Name: MSU

Run Trap Type Name/ID M B Peak Peak Area Analyzed Result Final Result QA Results Criteria Notes
1 IBL SEQ-IBL1 1 56,948 4.60 4.60 < 50 accept

Notes

Date:
Time:

7/25/08
10:29 AM

Peak rt Area
1 1.43 56,948
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1

Run Trap Type Name/ID M B Peak Peak Area Analyzed Result Final Result QA Results Criteria Notes
2 IBL SEQ-IBL2 2 32,188 2.60 2.60 < 50 accept

Notes

Date:
Time:

7/25/08
10:33 AM

Peak rt Area
1 0.56 2,350
2 1.38 32,188
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1 2

Run Trap Type Name/ID M B Peak Peak Area Analyzed Result Final Result QA Results Criteria Notes
3 IBL SEQ-IBL3 1 60,844 4.91 4.91 < 50 accept

Notes

Date:
Time:

7/25/08
10:38 AM

Peak rt Area
1 1.43 60,844
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Peak Report
Batch Number: B081138

Method Number: 1631 Mod.
Project Number(s): 0800653 Date Analyzed: 7/25/08
Instrument ID: BR-05 Analyst Name: MSU

Run Trap Type Name/ID M B Peak Peak Area Analyzed Result Final Result QA Results Criteria Notes
4 IBL SEQ-IBL4 1 87,315 7.05 7.05 < 50 accept

Notes

Date:
Time:

7/25/08
10:42 AM

Peak rt Area
1 1.44 87,315
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1

Run Trap Type Name/ID M B Peak Peak Area Analyzed Result Final Result QA Results Criteria Notes
5 STD SEQ-CAL1 1 286,269 18.3 73.3 75-125 reject

Notes

Date:
Time:

7/25/08
10:50 AM

Peak rt Area
1 1.41 286,269
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5,000
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1

Run Trap Type Name/ID M B Peak Peak Area Analyzed Result Final Result QA Results Criteria Notes
6 STD SEQ-CAL2 1 989,019 75.1 75.1 75-125 reject

Notes

Date:
Time:

7/25/08
10:54 AM

Peak rt Area
1 1.42 989,019
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Peak Report
Batch Number: B081138

Method Number: 1631 Mod.
Project Number(s): 0800653 Date Analyzed: 7/25/08
Instrument ID: BR-05 Analyst Name: MSU

Run Trap Type Name/ID M B Peak Peak Area Analyzed Result Final Result QA Results Criteria Notes
7 STD SEQ-CAL3 1 6,122,830 490. 98.0 75-125 accept

Notes

Date:
Time:

7/25/08
10:58 AM

Peak rt Area
1 1.42 6,122,830
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0 1 2 3

1

Run Trap Type Name/ID M B Peak Peak Area Analyzed Result Final Result QA Results Criteria Notes
8 STD SEQ-CAL4 1 31,824,602 2,570 103 75-125 accept

Notes

Date:
Time:

7/25/08
11:02 AM

Peak rt Area
1 1.39 31,824,602
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1

Run Trap Type Name/ID M B Peak Peak Area Analyzed Result Final Result QA Results Criteria Notes
9 STD SEQ-CAL5 1 124,204,286 10,000 100. 75-125 accept

Notes

Date:
Time:

7/25/08
11:12 AM

Peak rt Area
1 1.34 124,204,286
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Peak Report
Batch Number: B081138

Method Number: 1631 Mod.
Project Number(s): 0800653 Date Analyzed: 7/25/08
Instrument ID: BR-05 Analyst Name: MSU

Run Trap Type Name/ID M B Peak Peak Area Analyzed Result Final Result QA Results Criteria Notes
10 ICV SEQ-ICV1 1 18,093,608 1,460 91.0 85-115 accept

Notes

Date:
Time:

7/25/08
11:17 AM

Peak rt Area
1 1.40 18,093,608
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1

Run Trap Type Name/ID M B Peak Peak Area Analyzed Result Final Result QA Results Criteria Notes
11 MBA B081138-BLK1 1 171,417 9.05 0.00 0.00 < 0.14 accept

Notes

Date:
Time:

7/25/08
11:24 AM

Peak rt Area
1 1.41 171,417
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Run Trap Type Name/ID M B Peak Peak Area Analyzed Result Final Result QA Results Criteria Notes
12 MBA B081138-BLK2 1 190,317 10.6 0.00 0.00 < 0.14 accept

Notes

Date:
Time:

7/25/08
11:32 AM

Peak rt Area
1 1.48 190,317
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Peak Report
Batch Number: B081138

Method Number: 1631 Mod.
Project Number(s): 0800653 Date Analyzed: 7/25/08
Instrument ID: BR-05 Analyst Name: MSU

Run Trap Type Name/ID M B Peak Peak Area Analyzed Result Final Result QA Results Criteria Notes
13 CCB SEQ-CCB1 1 79,891 6.45 6.45 < 50 accept

Notes

Date:
Time:

7/25/08
11:38 AM

Peak rt Area
1 1.42 79,891
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Run Trap Type Name/ID M B Peak Peak Area Analyzed Result Final Result QA Results Criteria Notes
14 S BLK3 W/ BAD TRAP 1 96,336 2.99 0.00 < HS accept

Notes

Date:
Time:

7/25/08
11:42 AM

Peak rt Area
1 1.43 96,336
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Run Trap Type Name/ID M B Peak Peak Area Analyzed Result Final Result QA Results Criteria Notes
15 S BLK4 W/ BAD TRAP 1 69,464 0.819 0.00 < HS accept

Notes

Date:
Time:

7/25/08
11:46 AM

Peak rt Area
1 1.42 69,464
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Peak Report
Batch Number: B081138

Method Number: 1631 Mod.
Project Number(s): 0800653 Date Analyzed: 7/25/08
Instrument ID: BR-05 Analyst Name: MSU

Run Trap Type Name/ID M B Peak Peak Area Analyzed Result Final Result QA Results Criteria Notes
16 S B081138-BS1 1 538,648 38.7 0.00 < HS accept

Notes

Date:
Time:

7/25/08
11:56 AM

Peak rt Area
1 1.44 538,648
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1

Run Trap Type Name/ID M B Peak Peak Area Analyzed Result Final Result QA Results Criteria Notes
17 STD SEQ-CAL6 1 375,927 25.6 102 75-125 accept

Notes

Date:
Time:

7/25/08
12:00 PM

Peak rt Area
1 1.40 375,927
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Run Trap Type Name/ID M B Peak Peak Area Analyzed Result Final Result QA Results Criteria Notes
18 STD SEQ-CAL7 1 1,261,040 97.1 97.1 75-125 accept

Notes

Date:
Time:

7/25/08
12:04 PM

Peak rt Area
1 1.39 1,261,040

0

5,000

10,000

15,000

20,000

25,000

0 1 2 3

1

Page 6 of 26  (Peak Report)

Mercury Guru ver 4.0 © 1995-2008 Brooks Rand LLC

BRL WO# 0828032

26 of 49



Peak Report
Batch Number: B081138

Method Number: 1631 Mod.
Project Number(s): 0800653 Date Analyzed: 7/25/08
Instrument ID: BR-05 Analyst Name: MSU

Run Trap Type Name/ID M B Peak Peak Area Analyzed Result Final Result QA Results Criteria Notes
19 CRM B081138-SRM1 MBA 1 12,340,447 992 39.7 126 65-135 accept

Notes

Date:
Time:

7/25/08
12:08 PM

Peak rt Area
1 1.42 12,340,447
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1

Run Trap Type Name/ID M B Peak Peak Area Analyzed Result Final Result QA Results Criteria Notes
20 CRM B081138-SRM2 MBA 1 19,315,160 1,560 311 81.4 65-135 accept

Notes

Date:
Time:

7/25/08
12:13 PM

Peak rt Area
1 1.42 19,315,160
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Run Trap Type Name/ID M B Peak Peak Area Analyzed Result Final Result QA Results Criteria Notes
21 CRM B081138-SRM3 MBA 1 9,278,281 745 29.9 96.6 65-135 accept

Notes

Date:
Time:

7/25/08
12:19 PM

Peak rt Area
1 1.47 9,278,281
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Peak Report
Batch Number: B081138

Method Number: 1631 Mod.
Project Number(s): 0800653 Date Analyzed: 7/25/08
Instrument ID: BR-05 Analyst Name: MSU

Run Trap Type Name/ID M B Peak Peak Area Analyzed Result Final Result QA Results Criteria Notes
22 S 0828032-04 1 72,853 1.09 0.00 < HS accept

Notes

Date:
Time:

7/25/08
12:23 PM

Peak rt Area
1 1.46 72,853
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Run Trap Type Name/ID M B Peak Peak Area Analyzed Result Final Result QA Results Criteria Notes
23 CCV SEQ-CCV1 1 4,929,163 393 78.7 70-130 accept

Notes

Date:
Time:

7/25/08
12:27 PM

Peak rt Area
1 1.45 4,929,163

0

20,000

40,000

60,000

80,000

100,000

0 1 2 3

1

Run Trap Type Name/ID M B Peak Peak Area Analyzed Result Final Result QA Results Criteria Notes
24 CCV SEQ-CCV2 1 5,083,010 406 81.2 70-130 accept

Notes

Date:
Time:

7/25/08
12:31 PM

Peak rt Area
1 1.44 5,083,010
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Peak Report
Batch Number: B081138

Method Number: 1631 Mod.
Project Number(s): 0800653 Date Analyzed: 7/25/08
Instrument ID: BR-05 Analyst Name: MSU

Run Trap Type Name/ID M B Peak Peak Area Analyzed Result Final Result QA Results Criteria Notes
25 MBA B081138-BLK3 1 120,233 4.92 0.00 0.00 < 0.14 accept

Notes

Date:
Time:

7/25/08
12:38 PM

Peak rt Area
1 1.42 120,233
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1

Run Trap Type Name/ID M B Peak Peak Area Analyzed Result Final Result QA Results Criteria Notes
26 MBA B081138-BLK4 1 82,641 1.88 0.00 0.00 < 0.14 accept

Notes

Date:
Time:

7/25/08
12:42 PM

Peak rt Area
1 1.47 82,641
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Run Trap Type Name/ID M B Peak Peak Area Analyzed Result Final Result QA Results Criteria Notes
27 S 0827019-05 1 99,183 3.22 0.00 < HS accept

Notes

Date:
Time:

7/25/08
12:46 PM

Peak rt Area
1 1.38 99,183
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Peak Report
Batch Number: B081138

Method Number: 1631 Mod.
Project Number(s): 0800653 Date Analyzed: 7/25/08
Instrument ID: BR-05 Analyst Name: MSU

Run Trap Type Name/ID M B Peak Peak Area Analyzed Result Final Result QA Results Criteria Notes
28 S 0829003-11 1 202,365 11.6 0.00 < HS accept

Notes

Date:
Time:

7/25/08
12:50 PM

Peak rt Area
1 1.38 202,365
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Run Trap Type Name/ID M B Peak Peak Area Analyzed Result Final Result QA Results Criteria Notes
29 S 0827019-03 1 47,549 -0.951 0.00 < HS accept

Notes

Date:
Time:

7/25/08
12:58 PM

Peak rt Area
1 1.40 47,549
2 1.96 642
3 2.69 11,895
4 2.80 362
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1 2 3 4

Run Trap Type Name/ID M B Peak Peak Area Analyzed Result Final Result QA Results Criteria Notes
30 S 0827019-04 2 30,243 -2.35 0.00 < HS accept

Notes

Date:
Time:

7/25/08
1:03 PM

Peak rt Area
1 0.67 1,713
2 1.45 30,243
3 1.74 8
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Peak Report
Batch Number: B081138

Method Number: 1631 Mod.
Project Number(s): 0800653 Date Analyzed: 7/25/08
Instrument ID: BR-05 Analyst Name: MSU

Run Trap Type Name/ID M B Peak Peak Area Analyzed Result Final Result QA Results Criteria Notes
31 S 0828032-01 1 705,133 52.2 0.00 < HS accept

Notes

Date:
Time:

7/25/08
1:07 PM

Peak rt Area
1 1.47 705,133
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1

Run Trap Type Name/ID M B Peak Peak Area Analyzed Result Final Result QA Results Criteria Notes
32 S 0828032-02 2 11,959,894 961 0.00 < HS accept

Notes

Date:
Time:

7/25/08
1:12 PM

Peak rt Area
1 0.51 872
2 1.43 11,959,894
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0 1 2 3

1 2

Run Trap Type Name/ID M B Peak Peak Area Analyzed Result Final Result QA Results Criteria Notes
33 S 0828032-03 1 189,589 10.5 0.00 < HS accept

Notes

Date:
Time:

7/25/08
1:18 PM

Peak rt Area
1 1.38 189,589
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Peak Report
Batch Number: B081138

Method Number: 1631 Mod.
Project Number(s): 0800653 Date Analyzed: 7/25/08
Instrument ID: BR-05 Analyst Name: MSU

Run Trap Type Name/ID M B Peak Peak Area Analyzed Result Final Result QA Results Criteria Notes
34 S 0829003-06 1 47,516,688 3,830 0.00 < HS accept

Notes

Date:
Time:

7/25/08
1:22 PM

Peak rt Area
1 1.42 47,516,688
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1

Run Trap Type Name/ID M B Peak Peak Area Analyzed Result Final Result QA Results Criteria Notes
35 S 0829003-07 1 3,339,251 265 0.00 < HS accept

Notes

Date:
Time:

7/25/08
1:25 PM

Peak rt Area
1 1.39 3,339,251
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Run Trap Type Name/ID M B Peak Peak Area Analyzed Result Final Result QA Results Criteria Notes
36 S 0829003-08 1 59,320,684 4,790 0.00 < HS accept

Notes

Date:
Time:

7/25/08
1:30 PM

Peak rt Area
1 1.37 59,320,684
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Peak Report
Batch Number: B081138

Method Number: 1631 Mod.
Project Number(s): 0800653 Date Analyzed: 7/25/08
Instrument ID: BR-05 Analyst Name: MSU

Run Trap Type Name/ID M B Peak Peak Area Analyzed Result Final Result QA Results Criteria Notes
37 S 0829003-09 1 5,759,909 460. 0.00 < HS accept

Notes

Date:
Time:

7/25/08
1:40 PM

Peak rt Area
1 1.44 5,759,909
2 2.08 453,007
3 2.64 105,689
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1 2 3

Run Trap Type Name/ID M B Peak Peak Area Analyzed Result Final Result QA Results Criteria Notes
38 S 0829003-10 1 17,471,818 1,410 0.00 < HS accept

Notes

Date:
Time:

7/25/08
1:44 PM

Peak rt Area
1 1.42 17,471,818
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1

Run Trap Type Name/ID M B Peak Peak Area Analyzed Result Final Result QA Results Criteria Notes
39 S 0827019-03RE1 MBA 1 244,531 15.0 0.0597 < HS accept

Notes

Date:
Time:

7/25/08
1:48 PM

Peak rt Area
1 1.49 244,531
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Peak Report
Batch Number: B081138

Method Number: 1631 Mod.
Project Number(s): 0800653 Date Analyzed: 7/25/08
Instrument ID: BR-05 Analyst Name: MSU

Run Trap Type Name/ID M B Peak Peak Area Analyzed Result Final Result QA Results Criteria Notes
40 S 0827019-04RE1 MBA 1 163,138 8.39 0.0321 < HS accept

Notes

Date:
Time:

7/25/08
1:53 PM

Peak rt Area
1 1.48 163,138
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1

Run Trap Type Name/ID M B Peak Peak Area Analyzed Result Final Result QA Results Criteria Notes
41 S 0828032-01RE1 MBA 1 3,606,326 287 10.7 < HS accept

Notes

Date:
Time:

7/25/08
2:01 PM

Peak rt Area
1 1.40 3,606,326
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Run Trap Type Name/ID M B Peak Peak Area Analyzed Result Final Result QA Results Criteria Notes
42 S 0828032-03RE1 1 4,396,220 350. 0.00 < HS accept

Notes

Date:
Time:

7/25/08
2:06 PM

Peak rt Area
1 1.43 4,396,220
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Peak Report
Batch Number: B081138

Method Number: 1631 Mod.
Project Number(s): 0800653 Date Analyzed: 7/25/08
Instrument ID: BR-05 Analyst Name: MSU

Run Trap Type Name/ID M B Peak Peak Area Analyzed Result Final Result QA Results Criteria Notes
43 S B081138-DUP1 MBA 1 305,105 19.9 0.0784 < HS reject

Notes

Date:
Time:

7/25/08
2:10 PM

Peak rt Area
1 1.40 305,105
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Run Trap Type Name/ID M B Peak Peak Area Analyzed Result Final Result QA Results Criteria Notes
44 S B081138-MS1 MBA 1 6,927,303 555 2.10 < HS reject

Notes

Date:
Time:

7/25/08
2:14 PM

Peak rt Area
1 1.40 6,927,303
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Run Trap Type Name/ID M B Peak Peak Area Analyzed Result Final Result QA Results Criteria Notes
45 S B081138-MSD1 MBA 1 5,154,753 412 1.58 < HS reject

Notes

Date:
Time:

7/25/08
2:23 PM

Peak rt Area
1 1.41 5,154,753
2 2.26 253,868
3 2.85 17,650
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Peak Report
Batch Number: B081138

Method Number: 1631 Mod.
Project Number(s): 0800653 Date Analyzed: 7/25/08
Instrument ID: BR-05 Analyst Name: MSU

Run Trap Type Name/ID M B Peak Peak Area Analyzed Result Final Result QA Results Criteria Notes
46 S B081138-DUP2 MBA 1 75,378 1.30 0.00496 < HS reject

Notes

Date:
Time:

7/25/08
2:28 PM

Peak rt Area
1 1.44 75,378
2 2.76 4,312
3 2.94 87
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Run Trap Type Name/ID M B Peak Peak Area Analyzed Result Final Result QA Results Criteria Notes
47 S B081138-MS2 MBA 1 6,014,931 481 1.82 < HS accept

Notes

Date:
Time:

7/25/08
2:33 PM

Peak rt Area
1 1.50 6,014,931

0

20,000

40,000

60,000

80,000

100,000

0 1 2 3

1

Run Trap Type Name/ID M B Peak Peak Area Analyzed Result Final Result QA Results Criteria Notes
48 S B081138-MSD2 MBA 1 5,590,541 447 1.77 < HS accept

Notes

Date:
Time:

7/25/08
2:37 PM

Peak rt Area
1 1.50 5,590,541
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Peak Report
Batch Number: B081138

Method Number: 1631 Mod.
Project Number(s): 0800653 Date Analyzed: 7/25/08
Instrument ID: BR-05 Analyst Name: MSU

Run Trap Type Name/ID M B Peak Peak Area Analyzed Result Final Result QA Results Criteria Notes
49 S B081138-DUP3 MBA 1 3,345,421 265 10.1 < HS reject

Notes

Date:
Time:

7/25/08
2:43 PM

Peak rt Area
1 1.41 3,345,421
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Run Trap Type Name/ID M B Peak Peak Area Analyzed Result Final Result QA Results Criteria Notes
50 S B081138-MS3 MBA 1 70,281,620 5,670 1,030 < HS accept

Notes

Date:
Time:

7/25/08
2:48 PM

Peak rt Area
1 1.41 70,281,620
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Run Trap Type Name/ID M B Peak Peak Area Analyzed Result Final Result QA Results Criteria Notes
51 S B081138-MSD3 MBA 1 69,621,589 5,620 1,070 < HS accept

Notes

Date:
Time:

7/25/08
2:52 PM

Peak rt Area
1 1.41 69,621,589
2 2.80 17,043
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Peak Report
Batch Number: B081138

Method Number: 1631 Mod.
Project Number(s): 0800653 Date Analyzed: 7/25/08
Instrument ID: BR-05 Analyst Name: MSU

Run Trap Type Name/ID M B Peak Peak Area Analyzed Result Final Result QA Results Criteria Notes
52 S B081138-PS1 1 17,354,721 1,400 0.00 < HS accept

Notes

Date:
Time:

7/25/08
2:56 PM

Peak rt Area
1 1.38 17,354,721
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1

Run Trap Type Name/ID M B Peak Peak Area Analyzed Result Final Result QA Results Criteria Notes
53 S B081138-PS2 1 1,430,035 111 0.00 < HS accept

Notes

Date:
Time:

7/25/08
3:03 PM

Peak rt Area
1 1.46 1,430,035
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Run Trap Type Name/ID M B Peak Peak Area Analyzed Result Final Result QA Results Criteria Notes
54 S B081138-PS3 1 919,388 69.5 0.00 < HS accept

Notes

Date:
Time:

7/25/08
3:08 PM

Peak rt Area
1 1.47 919,388
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Peak Report
Batch Number: B081138

Method Number: 1631 Mod.
Project Number(s): 0800653 Date Analyzed: 7/25/08
Instrument ID: BR-05 Analyst Name: MSU

Run Trap Type Name/ID M B Peak Peak Area Analyzed Result Final Result QA Results Criteria Notes
55 CCV SEQ-CCV3 1 5,744,522 459 91.8 70-130 accept

Notes

Date:
Time:

7/25/08
3:17 PM

Peak rt Area
1 1.50 5,744,522
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Run Trap Type Name/ID M B Peak Peak Area Analyzed Result Final Result QA Results Criteria Notes
56 S BLK1 1 78,243 1.53 0.00 < HS accept

Notes

Date:
Time:

7/25/08
3:21 PM

Peak rt Area
1 1.47 78,243
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Run Trap Type Name/ID M B Peak Peak Area Analyzed Result Final Result QA Results Criteria Notes
57 S BLK2 1 64,042 0.381 0.00 < HS accept

Notes

Date:
Time:

7/25/08
3:26 PM

Peak rt Area
1 1.42 64,042
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Peak Report
Batch Number: B081138

Method Number: 1631 Mod.
Project Number(s): 0800653 Date Analyzed: 7/25/08
Instrument ID: BR-05 Analyst Name: MSU

Run Trap Type Name/ID M B Peak Peak Area Analyzed Result Final Result QA Results Criteria Notes
58 S BLK3 1 90,154 2.49 0.00 < HS accept

Notes

Date:
Time:

7/25/08
3:38 PM

Peak rt Area
1 1.47 90,154
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Run Trap Type Name/ID M B Peak Peak Area Analyzed Result Final Result QA Results Criteria Notes
59 S BLK4 1 109,574 4.06 0.00 < HS accept

Notes

Date:
Time:

7/25/08
3:48 PM

Peak rt Area
1 1.43 109,574
2 2.59 8,428
3 2.89 450
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Run Trap Type Name/ID M B Peak Peak Area Analyzed Result Final Result QA Results Criteria Notes
60 S BS1 1 571,154 41.3 0.00 < HS accept

Notes

Date:
Time:

7/25/08
3:53 PM

Peak rt Area
1 1.42 571,154
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Peak Report
Batch Number: B081138

Method Number: 1631 Mod.
Project Number(s): 0800653 Date Analyzed: 7/25/08
Instrument ID: BR-05 Analyst Name: MSU

Run Trap Type Name/ID M B Peak Peak Area Analyzed Result Final Result QA Results Criteria Notes
61 CCV SEQ-CCV5 1 4,937,178 394 78.8 70-130 accept

Notes

Date:
Time:

7/25/08
4:08 PM

Peak rt Area
1 1.50 4,937,178
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Run Trap Type Name/ID M B Peak Peak Area Analyzed Result Final Result QA Results Criteria Notes
62 S B081138-PS4 1 1,473,385 114 0.00 < HS accept

Notes

Date:
Time:

7/25/08
4:12 PM

Peak rt Area
1 1.54 1,473,385

0

5,000

10,000

15,000

20,000

25,000

0 1 2 3

1

Run Trap Type Name/ID M B Peak Peak Area Analyzed Result Final Result QA Results Criteria Notes
63 CCV SEQ-CCV4 1 3,517,957 279 55.9 70-130 reject

Notes

Date:
Time:

7/25/08
4:16 PM

Peak rt Area
1 1.43 3,517,957
2 2.76 20,644
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Peak Report
Batch Number: B081138

Method Number: 1631 Mod.
Project Number(s): 0800653 Date Analyzed: 7/25/08
Instrument ID: BR-05 Analyst Name: MSU

Run Trap Type Name/ID M B Peak Peak Area Analyzed Result Final Result QA Results Criteria Notes
64 S BS2 1 517,388 37.0 0.00 < HS accept

Notes

Date:
Time:

7/25/08
4:27 PM

Peak rt Area
1 1.42 517,388
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3,000

4,000

5,000

0 1 2 3

1

Run Trap Type Name/ID M B Peak Peak Area Analyzed Result Final Result QA Results Criteria Notes
65 S BS3 1 484,017 34.3 0.00 < HS accept

Notes

Date:
Time:

7/25/08
4:32 PM

Peak rt Area
1 1.43 484,017
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Run Trap Type Name/ID M B Peak Peak Area Analyzed Result Final Result QA Results Criteria Notes
66 S BS4 1 556,145 40.1 0.00 < HS accept

Notes

Date:
Time:

7/25/08
4:36 PM

Peak rt Area
1 1.50 556,145
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Peak Report
Batch Number: B081138

Method Number: 1631 Mod.
Project Number(s): 0800653 Date Analyzed: 7/25/08
Instrument ID: BR-05 Analyst Name: MSU

Run Trap Type Name/ID M B Peak Peak Area Analyzed Result Final Result QA Results Criteria Notes
67 S BS5 1 557,194 40.2 0.00 < HS accept

Notes

Date:
Time:

7/25/08
4:41 PM

Peak rt Area
1 1.46 557,194
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Run Trap Type Name/ID M B Peak Peak Area Analyzed Result Final Result QA Results Criteria Notes
68 S 0829003-10RE1 1 23,886,138 1,920 0.00 < HS accept

Notes

Date:
Time:

7/25/08
4:49 PM

Peak rt Area
1 1.38 23,886,138
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Run Trap Type Name/ID M B Peak Peak Area Analyzed Result Final Result QA Results Criteria Notes
69 CCV SEQ-CCV6 1 5,405,987 432 86.4 70-130 accept

Notes

Date:
Time:

7/25/08
4:54 PM

Peak rt Area
1 1.47 5,405,987
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Peak Report
Batch Number: B081138

Method Number: 1631 Mod.
Project Number(s): 0800653 Date Analyzed: 7/25/08
Instrument ID: BR-05 Analyst Name: MSU

Run Trap Type Name/ID M B Peak Peak Area Analyzed Result Final Result QA Results Criteria Notes
70 S BS6 1 433,145 30.2 0.00 < HS accept

Notes

Date:
Time:

7/25/08
4:58 PM

Peak rt Area
1 1.55 433,145
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Run Trap Type Name/ID M B Peak Peak Area Analyzed Result Final Result QA Results Criteria Notes
71 S BS7 2 642,768 47.1 0.00 < HS accept

Notes

Date:
Time:

7/25/08
5:02 PM

Peak rt Area
1 0.73 37,138
2 1.41 642,768

0

5,000

10,000

15,000

20,000

25,000

0 1 2 3

1 2

Run Trap Type Name/ID M B Peak Peak Area Analyzed Result Final Result QA Results Criteria Notes
72 S BS8 1 527,134 37.8 0.00 < HS accept

Notes

Date:
Time:

7/25/08
5:06 PM

Peak rt Area
1 1.43 527,134
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Peak Report
Batch Number: B081138

Method Number: 1631 Mod.
Project Number(s): 0800653 Date Analyzed: 7/25/08
Instrument ID: BR-05 Analyst Name: MSU

Run Trap Type Name/ID M B Peak Peak Area Analyzed Result Final Result QA Results Criteria Notes
73 S BS9 2 889,462 67.1 0.00 < HS accept

Notes

Date:
Time:

7/25/08
5:12 PM

Peak rt Area
1 0.71 6,006
2 1.40 889,462
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Run Trap Type Name/ID M B Peak Peak Area Analyzed Result Final Result QA Results Criteria Notes
74 S SRM1 1 5,398,166 431 0.00 < HS accept

Notes

Date:
Time:

7/25/08
5:17 PM

Peak rt Area
1 1.43 5,398,166

0

20,000

40,000

60,000

80,000

100,000

0 1 2 3

1

Run Trap Type Name/ID M B Peak Peak Area Analyzed Result Final Result QA Results Criteria Notes
75 S SRM2 1 5,434,204 434 0.00 < HS accept

Notes

Date:
Time:

7/25/08
5:21 PM

Peak rt Area
1 1.43 5,434,204
2 2.59 6,557
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Peak Report
Batch Number: B081138

Method Number: 1631 Mod.
Project Number(s): 0800653 Date Analyzed: 7/25/08
Instrument ID: BR-05 Analyst Name: MSU

Run Trap Type Name/ID M B Peak Peak Area Analyzed Result Final Result QA Results Criteria Notes
76 S SRM3 1 5,691,484 455 0.00 < HS accept

Notes

Date:
Time:

7/25/08
5:25 PM

Peak rt Area
1 1.41 5,691,484
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Run Trap Type Name/ID M B Peak Peak Area Analyzed Result Final Result QA Results Criteria Notes
77 S SRM4 1 5,209,595 416 0.00 < HS accept

Notes

Date:
Time:

7/25/08
5:30 PM

Peak rt Area
1 1.43 5,209,595
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Run Trap Type Name/ID M B Peak Peak Area Analyzed Result Final Result QA Results Criteria Notes
78 CCV SEQ-CCV7 1 5,998,429 480. 96.0 70-130 accept

Notes

Date:
Time:

7/25/08
5:34 PM

Peak rt Area
1 1.42 5,998,429
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T E C H N I C A L  M E M O R A N D U M  
 

 
TO: PacifiCorp Energy 

FROM: Kleinfelder 

DATE: December 1, 2008 

 

Mercury Demethylation Considerations for Condit Dam Sediments 

Many factors influence the speciation, bioavailability, bioaccumulation, and 

toxicity of mercury in the environment.  Due to the number of factors and the 

complexity of interactions among them, the question regarding the timing of 

establishment of demethylating bacteria that could reduce methylmercury after 

the sediments are released into the White Salmon River from Condit dam cannot 

be easily answered.  Without a substantial amount of experimental work and 

testing (e.g., measuring the rates of mercury methylation and demethylation in 

project sediments) it is not possible to provide a meaningful estimate of the time 

required for mercury in sediments impounded behind Condit dam to be 

demethylated following project removal. The following provides additional 

background information about the mercury methylation and demethylation 

processes and discusses how those processes may be impacted by known and 

expected conditions following project removal. 

Inorganic mercury is readily dispersed and transported in the environment (Beyer 

et al., 1996).  Mercury occurs in natural waters in many forms, including 

elemental mercury, dissolved and particulate ionic forms, and dissolved and 

particulate methylmercury (Beyer et al., 1996).  Methylmercury (organic form) is 

more toxic and bioaccumulative than the inorganic forms (USDI, 1998).  

Inorganic mercury is methylated in the environment, primarily by microbes (Beyer 

et al., 1996).  Methylation in aquatic systems can occur in the sediment and 

water column.  Sediment can be a sink and a source of mercury in the 

environment and is a source of methylmercury to biota and to the water column 

(USDI, 1998).  Mercury levels in water tend to be greatest downstream of 

wetlands due to the high organic content of the water, and disturbance and re-
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suspension of wetland sediments can mobilize mercury associated with 

sediments (USDI, 1998).   

Nearly all of the mercury found in fish is methylmercury, even though little of the 

total mercury found in freshwater and sediments exists as methylmercury (Beyer 

et al., 1996).  Inorganic mercury is absorbed less efficiently and excreted more 

efficiently than methylmercury.  Inorganic mercury is not methylated by fish 

tissue, though it is methylated in the gut.  The methylmercury in fish is obtained 

mostly from the diet and to a smaller extent from the water passing across the 

gills (Beyer et al., 1996; USDI, 1998).  Thus, concentrations of dissolved organic 

mercury compounds are more useful than total dissolved mercury concentrations 

for predicting mercury concentrations in fish (USDI, 1998).   

Uptake of mercury from water into fish is affected by temperature, pH, and water 

hardness, as well as mercury speciation (USDI, 1998).  A large body of data 

supports the generalization that mercury concentrations in freshwater fish and 

other aquatic organisms and fish-eating animals tend to increase as the pH, 

alkalinity, hardness, conductivity, and neutralizing capacity of the water decrease 

(see discussion below and Table 1).  Methylmercury is created primarily from 

bioavailable inorganic mercury Hg(II).  Both represent only a very small 

proportion of total mercury in sediment or water.  Aquatic organisms 

preferentially accumulate methylmercury, and this is the main form of Hg found in 

fish.  Inorganic forms of mercury comprise the main repository of mercury in 

sediments.  In oxygenated fresh water, bioavailability of Hg(II) is enhanced in the 

range of Cl- levels and pH values at which dissolved inorganic Hg(II) is mostly in 

the form of the lipophilic species HgCl2.  Lipophilic thiol and inorganic sulphide 

complexes probably account for much of the bioavailability of Hg under reducing 

conditions.  However, bioavailability of Hg is much lower if the dissolved Hg(II)  is 

mostly in the form of ionic complexes or Hg(OH)2.  Briefly, inorganic Hg(II) is 

probably most bioavailable to methylators in acidic fresh water in which it is 

mainly in the form of HgCl2 or Hg(SH)2, and it should be less bioavailable in 

weakly acidic or alkaline fresh water in which Hg(OH)2 exceeds HgCl2 or 

Hg(SH)S- exceeds Hg(SH)2.  In the presence of high pH and low Cl- levels 

sufficient to allow Hg(OH)2 to exceed HgCl2, bioavailability of inorganic Hg(II) 

should be relatively low for two reasons: (a) Hg(OH)2 penetrates membranes less 
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easily than HgCl2, and (b) in comparison with HgCl2, Hg(OH)2 is more readily 

sorbed by suspended matter.   

Although smaller fish (due to their relatively faster metabolic rates) tend to 

accumulate mercury more rapidly than larger fish (USDI, 1998), mercury 

concentrations in fish tissue generally increase with increasing age or body size 

(Beyer et al., 1996), and piscivorous (fish-eating) fish and other animals at higher 

trophic levels (particularly long-lived species) will generally accumulate more 

methylmercury than animals at lower trophic levels (Beyer et al., 1996). 

 

Elemental mercury and mercuric ions are predominant forms of mercury in the 

atmosphere and in water, while mercuric sulfide (naturally occurring cinnabar 

(HgS)) occurs most commonly in soil and in anaerobic sediments (Boening, 

2000; D’Itri, 1990).  Bacteria in the environment methylate inorganic mercury to 

produce both monomethyl and dimethylmercury (Clarkson, 1997).  Both aerobic 

and anaerobic bacteria can methylate mercury (D’Itri, 1990).  Dimethylmercury is 

highly volatile and can enter the atmosphere, where it is degraded into 

monomethyl and inorganic forms (Clarkson, 1997).  Environmental levels of 

methylmercury depend on the balance between bacterial methylation and 

demethylation (Boening, 2000).   

Monomethylmercury enters aquatic food chains to become the predominant 

source of dietary mercury to humans (Clarkson, 1997).  Monomethylmercury is 

transferred through biological cycles involving aquatic organisms and is probably 

converted to inorganic forms that can once again enter reduction and methylation 

pathways (Clarkson, 1997).  Monomethylmercury undergoes biomagnification in 

aquatic food webs, while inorganic mercury Hg(II) does not (Langston and 

Bebbiano, 1991).  Thus, even though inorganic mercury predominates in water 

and sediments, most of the mercury found in fish occurs as methylmercury 

(Langston and Bebbiano, 1991).  Elevated methylmercury in fish may be found 

not only in areas polluted with mercury but also in virtually unpolluted ones where 

conditions favor methylmercury production (Langston and Bebbiano, 1991).  

Results of the tests of mercury uptake into nematodes (roundworms) provide 

some limited information about the potential differences in bioavailability of 
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mercury in sediments impounded behind Condit dam and sediments collected at 

other locations.  However, it is unclear at this time whether sediments are the 

only source of mercury at the locations that were investigated, and the testing 

that has been conducted did not involve measuring or quantifying the multiple 

factors that control mercury speciation and bioavailability.  The following 

paragraphs provide some insight into the complexity of mercury behavior in 

aquatic ecosystems.   

The net rate of methylmercury production depends on the abundance of 

bioavailable inorganic Hg(II) species and the activities of methylating and 

demethylating microbes.  Bioavailability of Hg(II)  (and consequently 

susceptibility to methylation) and activities of methylating and demethylating 

microbes are controlled by a wide range of environmental variables.  

Furthermore, the kinetics of methylmercury bioaccumulation depend not only on 

the supply of methylmercury but also on the characteristics, behavior, activities, 

stage of development, and food web structure of the organisms involved.  

(Langston and Bebbiano, 1991) 

Many water quality parameters influence production and bioaccumulation of 

methylmercury, including dissolved oxygen (DO), pH, alkalinity, hardness, 

buffering capacity, and humic matter (completely decomposed organic matter 

that is readily soluble in acids or bases).  Generally, mercury concentrations in 

freshwater fish and other aquatic organisms and fish-eating animals tend to 

increase as the pH, alkalinity, hardness, conductivity, and neutralizing capacity of 

the water decrease.  Physical variables - through their influence on biological 

activities, redox conditions, and water chemistry - can also strongly influence 

methylmercury production and bioaccumulation of mercury.  Water depth, 

thermal stratification, water dynamics (turbulent mixing, flushing), and maximum 

depth are all important.  For example, low flow conditions tend to favor 

methylation (Langston and Bebbiano, 1991). Lake turnover time and mixing are 

also important, and these are affected by depth and temperature.  Mercury 

transport on particulates is greatest in the smallest size fractions of organic 

matter.  Lakes with longer turnover times allow smaller particles with greater 

concentrations of mercury more time to settle to the bottom, enriching sediment 

mercury concentration.  The following example illustrates the importance of 
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thermal stratification, depth, and productivity, as well as interactions among these 

three factors.  Microbial methylation commonly occurs with greatest intensity at 

the sediment/water interface, but microbial methylation of mercury can also take 

place in certain regions of the water column where labile organic matter and local 

DO depletion may support a level of methylating activity comparable to that 

observed in surface sediments (Langston and Bebbiano 1991).  This 

phenomenon is sometimes observed in the hypolimnion of a lake just below the 

thermocline or even in the epilimnion of an extremely eutrophic lake following a 

phtyoplankton bloom (Langston and Bebbiano 1991).   

Optimal conditions for production and bioaccumulation of methylmercury in 

aquatic ecosystems include: high levels of biodegradable organic substances 

(e.g., dead algae or plants and other detritus, as would typically be observed in 

productive lakes), anoxic or oxygen-poor environments with weakly acidic or 

neutral pH, and absence/low levels of sulphides.  These conditions are inter-

related (e.g., microorganisms using labile organic matter consume oxygen and 

generate sulfides).  Methylating activity tends to correlate with heterotrophic (an 

organism that requires organic substrates to get its chemical energy for growth 

and development) microbial activity, in general.  Methylmercury bioaccumulation 

is favored in acidic fresh water by at least two factors: inorganic Hg(II) is more 

available to methylators, and biological uptake of methylmercury occurs rapidly.  

However, it is possible that demethylation will also occur more rapidly under 

these conditions due to increased availability of mercury to demethylators.  

Exceptions to these generalizations are common under a wide variety of 

conditions (Langston and Bebbiano, 1991). 

Microbial methylation of mercury is commonly concentrated in surface sediments 

(i.e., at the sediment/water interface), but in certain regions of the water column, 

labile (relatively available) organic matter and local DO depletion may support a 

level of methylating activity comparable to that observed in surface sediments 

(Langston and Bebbiano, 1991).  Consequently, both waterborne and sediment-

associated mercury may be important sources to methylating microbes. 

Methylation of mercury in sediments occurs most intensely at the sediment/water 

interface where microbial activity is greatest (Langston and Bebbiano, 1991).  If 

deeper sediments impounded behind Condit dam are released to the river 
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downstream, this will presumably expose a greater amount of sediment to 

microbial activity.  The balance of factors favoring methylation versus 

demethylation will determine the fate of mercury in those sediments.  The net 

effect of all of the modifying factors cannot be estimated reliably without 

additional testing and measurements.     
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