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EXECUTIVE SUMMARY 

The main purpose of this study was to assess the lakes and reservoirs (hereafter referred to as 
lakes) of Idaho and determine what proportion of these water bodies have an average mercury 
level in game fish that exceeds the human health criterion for mercury (0.3 milligrams per 
kilogram [mg/kg] or 300 nanograms per gram [ng/g] of tissue). Arsenic and selenium in tissues 
were measured in addition to mercury. 
 
It was felt that most of the fishing pressure and thus exposure of people to mercury in fish comes 
from larger lakes. Because of this, the decision was made to focus our efforts on lakes with 
greater than 50 acres of surface area; this is our sample frame. Of the 225 lakes in our sample 
frame, only 95 met all criteria for sampling. Eighty-nine of the 225 were either dry or had no 
game fish in 2007, leaving 136 lakes we could potentially sample. Of the lakes in our random 
draw, an estimated 41 additional lakes could not be sampled because they were inaccessible, 
private, or had only seasonal accessibility. This reduced the number of lakes our random sample 
represents to 95. 
 
Because smaller lakes (50-100 acres) dominated the sample frame, we decided to stratify our 
random draw by five size classes based on surface acreage, to level the number of lakes sampled 
per size class.  The elimination of lakes that were non-target or could not reasonably be sampled 
left us in the end with a sample dominated by large lakes (greater than 3,000 acres). 
 
In this study, a sample is a composite of tissue from up to 10 fish of a single species from one 
lake. The goal was to collect 100 samples from 50 randomly selected lakes throughout Idaho, 
with an average of two species per lake. Some lakes did not have more than one species of game 
fish in sufficient number to get 10 fish within a reasonable time frame. A few lakes provided 
more than two species. We obtained 89 samples from 50 lakes, representing 21 species of game 
fish.  
 
Thirteen of our 89 samples consisted of less than the desired 10 fish per composite; two were 
only a single fish. We had to exhaust our entire random draw of 100 lakes to get 50 from which 
we were able to obtain samples. 
 
Focusing on just the mercury (the primary contaminant of concern) in fish, we found:  
 
 20 of 50 (40%) of lakes sampled had an average mercury concentration in fish greater than 

0.3 mg/kg.  
 
 26 of 89 (30%) composite samples of fish obtained had more than 0.3 mg/kg of mercury. 

  
When the by-lake results are adjusted for their random selection weights, we estimate that 29% 
(95% confidence range: 22-44%) have an average mercury concentration above the human 
health criterion level. This estimate applies to the target population, those 95 lakes and reservoirs 
greater than 50 acres in Idaho that were not dry or fishless and could reasonably be sampled. 
Since the basic sampling unit was a lake, proportions exceeding criteria can only be extrapolated 
for lakes. Sample and species proportions apply only to what was actually sampled. 
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Sample sizes by-species are too small to definitively extrapolate.  However, in the study, 
mercury concentration in composites of largemouth bass exceeded the criterion in 47% of the 
samples obtained (9 of 19).  Likewise, smallmouth bass mercury concentrations exceeded the 
criterion in 75% of the samples obtained (6 of 8).  None of the 12 rainbow trout composites 
returned results that exceeded the mercury criterion. 
 
This study provides an overall picture of risk to the fish-eating public from mercury 
contamination in Idaho’s lakes and reservoirs. It does not provide site-specific information about 
all lakes and reservoirs in Idaho or other types of waters (e.g., rivers), nor does it provide 
information relevant to risk from species not analyzed or the ultimate sources of mercury.  
 
From this study, it appears that mercury levels above the human health criterion are widespread 
and common in fish from Idaho lakes and reservoirs. Mercury contamination does not appear to 
affect all fish species equally. Higher trophic level fish appear to have higher concentrations of 
mercury in fish tissue than lower trophic level fish.  Similarly, older fish appear to have higher 
concentrations than younger fish of that same species. The highest sample result was 1.38 ppm 
(mg/kg or ug/g) for walleye from Salmon Falls Creek Reservoir near Idaho’s southern border 
with Nevada. Smallmouth bass, also from Salmon Falls Creek Reservoir, was the second highest 
at 1.23 ppm.  More studies will be needed to further quantify these preliminary trends.  
 
Arsenic and selenium fish tissue concentrations were also examined in this study. There are no 
apparent statewide contamination problems in fish from Idaho lakes and reservoirs for these two 
contaminants. Localized selenium fish tissue concentrations may be a concern in southeast 
Idaho. For example East Mill Creek has a selenium fish advisory (IFCAP 2008). 
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PART A. PROJECT MANAGEMENT, BACKGROUND, AND DESIGN 

Project Organization 
This project was organized and managed by the Department of Environmental Quality’s (DEQ’s) 
Surface Water Program under the direction of Michael McIntyre. Don Essig and Mary Anne 
Kosterman prepared the Quality Assurance Project Plan that guided this work. 
 
DEQ contracted with the Idaho Department of Fish and Game (IDFG) for fish collection. This 
work was overseen by Fred Partridge of IDFG, who in turn coordinated with eight regional fish 
sampling crews to collect fish and ship frozen fillets to DEQ. 
 
DEQ’s Technical Services Division staff (Richard Lee and Xin Dai) assisted in fish tissue 
preparation, sample tracking, and shipping of processed tissue to the contract laboratory for 
analysis. Xin Dai provide an independent evaluation of quality assurance/quality control 
(QA/QC) data.  
 
Brooks Rand, LLC was selected as the contract laboratory. They performed all the chemical 
analysis of fish tissue and QC samples. They reported results, including associated laboratory 
QC summaries, to DEQ. 
 
Don Essig of DEQ was project manager and is the primary author of this report. He was 
responsible for scoping contracts with IDFG and Brooks Rand, day-to-day coordination with 
these contractors and DEQ technical services staff working on the project, sample tracking, 
receipt and management of data reports, and project budget and billing. 
 
Mary Anne Kosterman of DEQ performed probability statistics on the final data set, prepared the 
maps in this report, and worked with Tony Olsen of the U.S. Environmental Protection Agency 
in the random selection of lakes and reservoirs. 

Background and Objectives 
Reasons for investigating possible contamination in fish from Idaho lakes are identified in this 
section, along with the objectives of the study. 

Why the Interest in Mercury? 
Interest in mercury has been rising since June 2003,  when DEQ was petitioned to adopt a 
mercury fish tissue criterion. That criterion was adopted in 2005, about the same time Sempra 
Energy was proposing Idaho’s first ever coal-fired power plant. That proposal was eventually 
abandoned, in large part due to significant public concern over mercury emissions. About the 
same time, changes in reporting requirements for EPA's Toxics Release Inventory were 
revealing, for the first time, very large emissions of mercury associated with gold ore roasters in 
northern Nevada. Also in 2005, DEQ began investigating mercury contamination in Salmon 
Falls Creek Reservoir in southern Idaho and Jordan Creek bordering Oregon, stemming from a 
fish consumption advisory first issued by the Idaho Department of Health and Welfare in 2001.  
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Currently, there are two total maximum daily load (TMDL) management plans nearing 
completion in Idaho addressing mercury contamination – Jordan Creek and Salmon Falls Creek 
Reservoir. DEQ has submitted the latter to EPA for their approval, and the former has undergone 
the public comment process but has not yet been submitted to EPA. Work on a TMDL for 
mercury in Brownlee Reservoir is under way. 

About Mercury in the Environment 
Mercury (Hg) occurs naturally as a mineral and is distributed throughout the environment by 
both natural processes and human activities.  Inorganic mercury occurs naturally due to its 
presence in rocks and soils.  It is slowly released through erosion and weathering into surface 
waters.  Historically, mercury was commonly used in dredges and sluice boxes to recover fine 
placer gold from streams throughout Idaho, especially in Idaho Batholith drainages (DEQ 2005).   
 
Mercury is rather unique among metals in that it is readily volatilized. Industrial processes which 
heat mercury-containing materials easily release it into the air. Once in the air, it can travel far 
from its source.  Ore roasting associated with gold mining, along with coal-fired power plants, 
cement kilns, and waste incinerators are known sources that release mercury into the air. Some 
of this airborne mercury makes its way into Idaho waters through atmospheric circulation and 
eventual deposition. Since Idaho has few sources that release mercury into the air within its 
borders, much of Idaho's mercury load originates outside the state. 
 
Almost all the mercury making its way into surface waters is inorganic. Some of the inorganic 
mercury is converted into the organic form methylmercury (Me-Hg) in environments conducive 
to such conversion (low pH, low dissolved oxygen, and high organic matter, such as are found in 
the bottoms of lakes, marshes, and wetlands) (Ullrich et al. 2001; Brigham et al. 2003). In 
addition to being much more toxic than inorganic mercury, methylmercury readily bio-
magnifies, increasing several thousand-fold in concentration in aquatic food chains—algae to 
plankton to fish and so on—culminating with much higher concentrations in varieties of fish 
often sought for sport. This is a human health concern (ASTDR 1999). 
 
It is known that methylmercury concentrations and bioaccumulation factors increase higher in 
the aquatic food chain (Becker and Bigham 1995). Piscivorous fish (e.g., bass, walleye, lake 
trout) are at the top of most aquatic food chains and often contain the highest concentrations of 
methylmercury (EPA 2008b).  While other popular game fishes, such as rainbow trout, crappie, 
bluegill, and catfish, also bioaccumulate methylmercury, they do so to a lesser degree because of 
their lower trophic status – i.e., their lower position in the food chain. It is from consumption of 
fish and seafood, not drinking of water or breathing the air, that most humans become exposed to 
more mercury than is healthy (EPA 2001). 

Monitoring Fish Tissue – Idaho’s Methylmercury Criterion 
Until 2001, all national water quality criteria that EPA developed and recommended to states 
under the Clean Water Act were for water concentrations. In 2001, EPA put forth a 
methylmercury criterion, the first water quality standard criterion based on concentrations in fish 
tissue rather than water. This groundbreaking step was taken because fish tissue concentrations 
more directly measure human exposure to mercury. Because mercury very strongly accumulates 
in the food chain, diet rather than water is the greater source of exposure. In addition, fish tissue 
measurement of mercury overcame challenges of measuring extremely low levels of mercury 
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typical in water and high variability in bioaccumulation, which combined to make it difficult to 
associate a given water concentration with adverse human health effects. 
 
In April 2005, Idaho adopted EPA’s recommended fish tissue methylmercury criterion to protect 
the health of individuals who eat fish from Idaho surface waters (IDAPA 58.0102.210). This 
criterion of 0.3 milligrams per kilogram (mg/kg) of fresh weight fish is based on protecting an 
adult consumer who eats an average of 17.5 grams (g) of fish per day—about one 8-ounce meal 
every other week (EPA 2001). Tissue mercury concentration results are often reported in 
nanograms per gram (ng/g) rather than mg/kg; 300 ng/g equals 0.3 mg/kg. 
 
Prior to adopting the methylmercury criterion, DEQ relied on measurement of the amount of 
total mercury in the water, most of it inorganic.  Analysis of mercury in water is costly and very 
prone to contamination.  Accurate measurement is challenged by multiple pathways for 
contamination—for example, a person with mercury amalgam dental fillings can contaminate a 
water sample by breathing on it. Fish tissue measurement offers an alternative to water 
measurements that is much less prone to contamination. Fish tissue monitoring also integrates 
variations in mercury loading over time, in addition to being more directly related to human 
health risk.  
  
Although some fish may be affected by sediment mercury levels, particularly bottom-feeding 
species that incidentally ingest sediment, fish methylmercury concentrations are generally taken 
to be the result of water column mercury concentrations. Water concentrations are the result of 
loading to the water body, from air deposition, erosion from the watershed, direct discharges, etc.  
Microbial activity converts some of the inorganic mercury to methylmercury (Matilainen 1995). 
Methylmercury concentrates most strongly between water and phytoploankton—the first step in 
the food chain—and is preferentially accumulated in later trophic transfer (Mason et al. 1995). 
Thus, Sveinsdottir (2005) found fish methylmercury tissue levels correlate best with water 
methylmercury levels. However, despite all these steps in the process, a linear relation of fish 
tissue methylmercury to total mercury loading to a watershed appears to be sound (Harris et al. 
2007; Kelly et al.1995; Munthe et al. 2007; Orihel et al. 2006).  
 
Therefore, when developing a TMDL, we make the simplifying assumption that the relation of 
water total mercury to fish methylmercury is a fixed ratio for a given water body. That is, there is 
a linear response, so that as mercury concentrations in water change, so will the fish tissue 
methylmercury concentrations, and in proportion. The slope of this relation varies among water 
bodies (Chen 2005; Mason et al. 1995) however we expect that if the water mercury 
concentration doubles, then the fish tissue mercury concentration will double as well, and vice 
versa. We further assume water concentrations respond proportionally to loading. This means 
that if the mercury in fish is greater than the criterion, there is too much mercury in the water and 
mercury loads to the water body must be reduced proportionately. Later, in the discussion 
section, we will present evidence that a determination of too much mercury in the water based on 
fish tissue analysis will often be the case even when water criteria set to protect aquatic life are 
met. 

Why This Project? 
In cooperation with the United States Geological Survey (USGS), Idaho DEQ has collected fish 
tissue mercury data from 26 riverine sites since 2003. In 2006, DEQ collected data from an 
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additional 15 riverine sites. Prior to the present study, DEQ had few data on mercury in lakes and 
reservoirs. The limited available data indicated mercury contamination to be more prominent in 
lakes and reservoirs than rivers. Lentic waters (lakes and reservoirs) are known to provide better 
conditions for methylation of mercury (Kamman 2005).  
 
As of February 2008, there are eight lakes or reservoirs and two streams across the state of Idaho 
with fish consumption advisories for mercury (IFCAP 2008). These advisories caution the 
public, typically young children and pregnant women, to limit their consumption of fish from 
these waters to protect their health. The sampling that led to these advisories was opportunistic. 
It was suspected that many other lakes and reservoirs in Idaho would contain fish with mercury 
levels high enough to be a health concern. We did not know how widespread a problem it might 
be. This study was meant to address that information gap. 

The Main Question 
The main goal of this project is to make a statement about the percentage of lakes and reservoirs 
in Idaho larger than 50 acres that contain game fish with methylmercury concentrations in their 
muscle tissue greater than 0.3 mg/kg (300 ng/g) wet weight.  
 
This study provides an overall picture of risk to the fish-eating public from mercury 
contamination in Idaho’s lakes and reservoirs. It does not provide site-specific information about 
all lakes and reservoirs in Idaho, nor does it provide information relevant to risk from species not 
analyzed. 

Form of Mercury Analyzed 
The criterion for mercury in fish is for the more toxic methylmercury. However, fish tissue 
samples, as in this study, are routinely analyzed for their total mercury content. This is done 
because it has been established that the majority of total mercury in fish tissue is in the form of 
methylmercury (typically 90% or more) (EPA 2001; Lasorsa and Allen-Gil 1995), and the 
analysis of total mercury is less expensive. Assuming all the mercury from a total mercury 
analysis is methylmercury overestimates by a small amount—depending on the actual fraction of 
methylmercury to total mercury in each fish—the actual methylmercury content of the fish. 
Thus, comparing total mercury results to the methylmercury criterion saves some cost in analysis 
while erring on the side of safety.  

Arsenic (As) and Selenium (Se) Too 
While fish tissue monitoring offers the benefits mentioned above, it is also more time consuming 
and costly than water sampling. To make the most of the investment in fish tissue collection, 
arsenic and selenium were also included as analytes in this study. 
 
Like mercury, arsenic and selenium are contaminants of current interest. All three have complex 
biogeochemical cycles involving organic forms that tend to bioaccumulate in fish. For both 
arsenic and mercury, fish consumption is an important route of exposure for humans. For 
selenium, a draft national fish tissue criterion is under development, albeit to protect aquatic life 
(EPA 2004). The selenium criterion would be only the second Clean Water Act criterion based 
on tissue rather than water concentrations.   
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Arsenic is similar to mercury in that both are primarily a human health concern rather than an 
aquatic life concern. To protect human health from arsenic toxicity, EPA recommends two water 
column criteria. One is based solely on fish tissue consumption (fish only) and is intended to 
protect waters used for fishing. The other is based on fish tissue consumption plus direct 
ingestion of water (fish plus water), for application to waters that may be fished but are also used 
for domestic water supply. To derive a water concentration criterion, the human dose from fish 
consumption must be translated, accounting for the amplification that occurs in the food chain, 
the fish consumption rate, and other factors. Currently this translation is based on a bio-
concentration factor (BCF) of 44, which is a consumption-weighted average for marine oyster 
and rainbow trout. Marine oysters are not present in Idaho, therefore this BCF is not appropriate 
to Idaho. Published BCFs are typically calculated from inorganic arsenic exposure and total 
arsenic accumulated in fish tissue. The result is neither an inorganic arsenic concentration rate 
nor a total arsenic concentration rate; it is unclear how to relate such BCFs to a criterion aimed at 
inorganic criterion only. Furthermore, EPA's current guidance on human health criteria prefers 
the use of bioaccumulation factors to bio-concentration factors. The latter considers 
accumulation from water only; the former accounts for dietary intake as well. 
 
The arsenic criteria recommended by EPA are specific to inorganic arsenic. This is because, 
unlike mercury, the more toxic form of arsenic is believed to be the inorganic form. Like 
mercury, most, but not all of the arsenic in fish tissue is in organic forms. If we assumed a total 
arsenic result was all organic, we would completely discount the health risk. Conversely, because 
inorganic arsenic is not the predominant form in fish tissue, assuming total arsenic is all 
inorganic is too much of an error. An accurate picture of health risk due to arsenic in fish is 
further complicated by some recent research that suggests some organic forms are also important 
to human toxicology (Kligerman et al. 2003).  Because of questions about arsenic 
bioaccumulation and because little is known about the predominant form of arsenic in Idaho fish, 
this study looked at both total and inorganic arsenic in the fish collected; the difference is taken 
to be organic arsenic. Having information on these forms of arsenic should help clarify how best 
to translate the recommended arsenic in water criteria to fish tissue. 
 
The proposed draft selenium fish tissue criterion (EPA 2004) is based on dry weight tissue 
concentrations, as is more customary for chemical measurements. The methylmercury criterion 
is based on fresh weight, appropriately reflecting the nature of fish destined for human 
consumption. Rather than split the samples and dry half, fresh composite samples were analyzed 
for their water content so that selenium results could be converted from wet weight to dry weight 
for comparison to the draft criterion. 

Study Design 
This study used a probabilistic, or random, sample design to select lakes for sampling. This 
allows results to be extrapolated beyond the lakes actually sampled with defined confidence 
bounds on estimates of the fraction, or number of lakes and reservoirs, for which a given 
threshold concentration is exceeded. 

Sample Frame 
The sample frame is simply the set of lakes from which the random selection was to be drawn. 
Our sample frame was lakes and reservoirs in Idaho greater than 50 acres in surface area. Surface 
acreages, lake names, and locations are from an ARC GIS shapefile (lakes_gnis.shp) generated 
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from the 1:100K National Hydrography Dataset coverage of lakes in Idaho, filtered by surface 
acreage.  
 
We used a surface acreage cutoff of 50 acres as a compromise that arose from discussions 
between DEQ and IDFG. Access, likelihood of game fish, and intensity of fishing by the public 
were discussed as a basis for defining the population of lakes to be sampled. As we had little to 
no information on those attributes for every lake, we settled on lake size as a surrogate and 
agreed on the 50-acre cutoff as being reasonable, giving us a population of 225 lakes and 
reservoirs in the sample frame. Henceforth, lakes and reservoirs will simply be referred to as 
lakes, although most of the large ones are actually reservoirs. 

Stratified Random Sample 
Our sample frame is dominated by smaller lakes, yet we believed larger lakes are where most 
fish are caught and are the greater source of fish consumers’ exposure to contaminants. 
Therefore, we decided to classify the lakes into five size classes, forcing the final random sample 
to have a roughly equal number of lakes from each of the five size categories.  This forcing of 
the sample provided unequal weight for each of the five size categories in the final sample of 
lakes, avoiding the likely condition of having a straight random sample made up mostly of 
smaller lakes.   
 
To obtain reasonably precise estimates of the fraction of lakes above or below thresholds of 
interest such as the methylmercury criterion, while staying within the budget, we wanted to 
sample 50 lakes. These fractions we can express as percentages, with confidence bounds. 
Experience in random sampling of water bodies has shown that not all sites drawn can be 
sampled. Anticipating this, we also randomly selected an oversample draw of 50 lakes. Each 
drawn lake was assigned a number from 1 to 100 with the first 50 designated as the primary 
sample.  
 
To maintain the integrity of the random draw, if for any valid reason a lake from the primary 
sample was eliminated from sampling, the next sequentially-numbered site in the oversample 
portion of the list of remaining lakes was substituted. This process continued through the 
summer until 50 lakes were sampled. Table 1 provides the size classes and a breakdown of the 
number of lakes in each size category for the sample frame, random draw, and lakes actually 
sampled. 
 
Table 1. Number of Lakes and Reservoirs by Surface Acreage 

Lake Size 
(surface acres) 

Total # of 
Lakes 

Estimated # of 
Target Lakes 

# Randomly 
Drawn 

# of Lakes 
Sampled 

  50-100 85 53 21 6 
101-200 50 21 19 7 
201-500 38 20 23 7 

501-3000 28 19 16 10 
>3000  24 23 21 20 

Totals   225 136 100 50 

Target Lakes 
Not all lakes in the sample frame, nor in the random draw, were part of the target population of 
lakes; that is, lakes with water and game fish of catchable size. In part, this was determined up 
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front, before going to the field—this was the reason for the oversample random draw—and in 
part, it was determined as the field season progressed and sampling attempts failed. Based on the 
breakdown of target lakes in the random draw, it was estimated that we had 136 target lakes, 
those with permanent water and game fish of catchable size (Table 1). 

Target Lakes Sampled 
Some of the target lakes could not be sampled. For the most part, this was due to inaccessibility 
brought about by wildfires in the summer of 2007. Other lakes could not be sampled because 
there was no public access or they were not accessible by boat due to seasonal growth of weeds. 
 
Based on percentages in the random draw, these factors reduced the number of lakes to which we 
can extrapolate our results to 95. 

Probability Statistics – Unweighted Versus Weighted Estimates 
The percentage of lakes sampled belonging to each size class is different from the percentages 
per size class of the 95 lakes we are able to extrapolate our results to. Making the extrapolation 
requires adjusting percentages from the 50 lakes actually sampled. The resulting weighted 
estimates reflect the relative weight of each size class in the larger population of 95 lakes. 
Sample design and analysis of survey data used the open source statistics language R version 
2.2.1 (2005) and R package spsurvey (http://cran.r-project.org/web/packages/spsurvey/), a group 
of functions that implements algorithms required for design and analysis of probability surveys. 

Fish Species and Composite Tissue Samples 
Lakes were the geospatial foundation of the random sample; however, the fundamental sample 
unit was a composite of tissue from several individual fish (usually 10) of the same species from 
the same lake. It is known that different species accumulate mercury to different degrees (EPA 
2000; EPA 2008b). Ideally, we would like to have the same species of fish from all lakes, which 
would have eliminated the confounding effect of species differences in mercury 
bioaccumulation. Because we were sampling from lakes across Idaho, and they have differing 
size and depth favorable to different species, we could not expect to obtain one species from all 
lakes. Instead, we had to take what was available in each lake, resulting in different species from 
different lakes.  
 
Since the focus was the Idaho methylmercury human health criterion, we wanted game species, 
fish that people were likely to take home and eat. Not knowing what people were actually 
catching from each lake, we relied on Idaho Fish and Game knowledge to guide the choice of 
species from each lake. Budget limitations allowed analysis of only 100 samples. Although this 
would have allowed two species per lake, we knew some lakes would have only one game 
species present. We tried to make up for this by getting more than two species from those lakes 
with more species available to catch. 
 
From other studies, it is known that fish tissue varies in contaminant levels from fish to fish 
(EPA 2001; Wente 2004). This variability can be dealt with by using the average of the results 
from analysis of several fish (10 fish are often used) to characterize the mercury in a fish species 
from a given lake. Alternatively, the average value can come from a single analysis of a 
composite sample. The latter is more economical, though information on variability is lost.  This 
study targeted a composite sample of 10 fish for each species from a lake as recommended by 
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EPA (EPA 2000). This is also quite appropriate for gauging human exposure, as the dose of 
mercury needed to cause detriment usually comes from consumption of many fish over an 
extended period of time. 

 
Composite samples were prepared from skinless fillets. This is most appropriate for human 
health concerns, as most people eat just the flesh of the fish. Mercury also tends to concentrate 
most strongly in the flesh of fish (Mason et al. 1995). So, for mercury, a flesh-only analysis 
provides the most appropriate result for most consumers and a conservative result for those that 
consume more than just the flesh. For arsenic and selenium, flesh tissue analysis represents a 
compromise that allows for efficiency of sampling and analysis. 

Quality Control and Assurance 

Quality Assurance Project Plan 
All the work in this study was performed under a Quality Assurance Project Plan (QAPP) (Essig 
and Kosterman 2007). The first version of this plan was completed and approved on April 25, 
2007, before sampling began. There were two subsequent revisions.  

Crew Training 
Fish tissue sampling was contracted to IDFG and performed by eight different regional crews. It 
was important for quality assurance that all crews followed the same procedures for fish 
collection, identification, filleting, and shipping. It was also felt that in addition to knowing field 
procedures, the crews should be familiar with the purpose of the study, the potential for mercury 
contamination and how to avoid it, and what would happen to the samples once they were 
shipped to DEQ. To this end, a training session with the leaders of each IDFG crew was held on 
May 3, 2007, at Deer Flat National Wildlife Refuge on Lake Lowell. The location provided both 
access to fish and a meeting room. Training involved going over the QAPP together, disbursing 
field equipment (coolers, gloves, cutting boards, fillet knives, field forms), and conducting a trial 
run of the field filleting, sample labeling, and data recording process.  

Quality Control Samples 
There were two levels of QC samples in this study: field and laboratory. There were also two 
main types of QC samples: blanks and duplicates. Field QC samples were primarily generated at 
the processing stage by DEQ, although three duplicates were obtained by IDFG as discussed 
under duplicates below.  
 
A group of samples and an associated QC sample set is known as a “batch.”  In this study, each 
batch consisted of not more than 10 composite fish tissue samples from the field. This 
maintained a frequency of not less than one QC set per 10 samples processed. Samples and 
associated QC set(s) are prepared during one processing session, which can result in more than 
two batches if there are sufficient samples. 
 
Each field QC set consisted of at least one duplicate tissue composite and two types of blanks: 
a processing blank and a rinseate blank. A duplicate consisted of a second set of equal weight 
subsamples from the same set of fillets processed into a composite puree. Each blank of 
approximately 500 ml was split into three sample bottles according to analyte: total mercury, 
total and inorganic arsenic, and total selenium.  
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In addition to analyzing our field QC samples, the contract laboratory analyzed blanks and 
duplicates generated in their facilities as well as reference samples of known concentration, to 
verify the accuracy of results.  The QAPP established procedures for preparation of field blanks 
and duplicates and data quality objectives for each. 
Blanks 
Whenever handling samples, at any time from initial collection to final analysis, there is potential 
for contamination to be inadvertently introduced. Possible sources of contamination include 
carryover from one sample to the next, dust, contact with filleting or processing equipment, and 
the hands (or breath in the case of mercury) of personnel handling the sampling. Precautions 
were taken and procedures followed to minimize contamination; blank samples provide the 
check for contamination. 
 
An inherent difficulty exists in generating blanks for solid samples such as fish—there is no 
blank tissue that can be used. Instead, deionized water washes or rinses of equipment are used as 
a surrogate to test for possible contamination. If analyte concentrations in blanks are low (less 
than the detection limit or an insignificant fraction of sample concentrations), then contamination 
of samples is absent or trivial. If concentrations in blanks are not low, sample analyses may be 
biased high due to contamination; however, it is difficult to quantitatively translate the result of a 
contaminated water blank to the magnitude of contamination that may have been transferred to a 
fish tissue sample. Fish fillets are inherently difficult to contaminate because they are a solid 
medium. Only the surface is exposed to contamination before being pureed during compositing. 
Also, the much higher concentrations of mercury and other contaminants in fillets compared to 
water are not easily changed by small amounts of contamination.  
 
Any number of types of blanks may be used, distinguished by where in the process they are 
generated. We used processing blanks to check on contamination that may have been introduced 
from the blender, scale, scalpel, and aluminum foil used in the preparation of composite samples. 
We used rinseate blanks to check for contamination of the fillet surface not removed by washing 
with deionized water before fillet processing. The rinseate blanks proved to be not very useful, as 
bits of tissue washed from the fillet and in effect contaminated the blank. The processing blanks 
were generated later in the process and provide a better check for contamination in this project. 

Duplicates 
When analyzing the same sample repeatedly, the exact same result is unlikely to be obtained. 
Duplicate samples are a means to quantify this measurement variability, the imprecision of 
repeated measurements. Like blanks, duplicates can be generated at different steps in the 
measurement process, each measuring the cumulative variability introduced by preceding steps 
along the way. The main sources of measurement variability in this study are sampling, 
subsampling, and analytical.  
 
Sampling variability comes about because we cannot analyze all the fish in a lake. (The result 
would be undesirable even if we could.) Instead, we collect a small number of fish (10 or less) to 
represent all the fish in the lake. If we collect a second sample of fish (ideally, from another 
location in the lake) they likely will not have the same contaminant levels as the first. Any 
difference is a check on our sampling variability. Because we cannot get to a result without 
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subsampling and analytical measurement, the variability here incorporates the two subsequent 
sources of variation as well. 
 
Subsampling variability is somewhat unique to this study. We were unable to combine or blend 
all the tissue from one sample (10 fish in our case) into one large homogenous tissue sample. 
Instead, we took equal weight subsamples from one fillet of each fish to get a quantity of tissue 
to process efficiently. If there is variation in contaminant levels within a fish or a fillet, this 
subsampling adds variability to the results. We blended the subsamples into a puree, to minimize 
variability when further subsampled for analysis at the laboratory. Our processing duplicates 
provided a check on subsampling variability, plus analytical variability. 
 
Analytical variability is always present and often the greatest source of measurement variation. It 
is measured in the laboratory through preparation and analysis of duplicates generated there.  
 
IDFG crews were able to catch enough fish to produce three true duplicate samples—two sets of 
10 fish of the same species from the same lake. These are identified as field duplicates in 
Appendix D. Process duplicates were generated during the compositing of samples at DEQ.  
These process duplicates were generated for every batch of composite samples that were 
processed from field samples. These are labeled simply as duplicates in Appendix D. 
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PART B. SAMPLE COLLECTION, PREPARATION, AND ANALYSIS 

Fish Collection 
Fish tissue collection was contracted to IDFG and carried out by eight regional crews under the 
general supervision of Fred Partridge. Collection was guided by the QAPP, which called for 
targeting the two most commonly caught game fish from each lake sampled. It was expected up 
front that some lakes would only yield one species in sufficient abundance to sample, therefore 
more than two species were obtained from some other lakes where that was possible. Fish were 
to be of “catchable size,” meaning a fish that could be legally caught and kept with an Idaho 
fishing license. Within these general guidelines, the species and size of fish collected from each 
lake was at the discretion of the IDFG crews. 
 
Method of collection was also at the discretion of the crews and ranged from boat electro-
shocking to gill netting to hook and line. Sampling began in mid-May and concluded in mid-
October. 
 
In accordance with the QAPP, fish were filleted in the field by the IDFG crews. When a boat was 
used, fish were kept in a live well and taken to shore for filleting. Length and weight of each fish 
was recorded (summarized in Appendix C). The two fillets from a fish were placed together in a 
plastic bag and all the fish for a species were placed in a larger bag. Samples were frozen within 
24 hours of being filleted. Frozen fillets were later packed with dry ice in coolers and shipped by 
overnight carrier or delivered to DEQ for processing into composite tissue samples. 
 
A sample means a set of fish of a particular species from a particular lake or reservoir. Usually 
there were 10 fish (20 fillets) per sample, but sometimes lack of fish necessitated settling for 
fewer than 10 fish per sample. Only one fillet per fish was utilized in composite sample 
preparation; the other fillets were refrozen and retained in archive. 

Composite Tissue Sample Preparation 
Once received at DEQ, the frozen fillets were stored in a freezer until enough samples were 
accumulated to make a batch for processing. Batch size was no more than 10 samples, but was as 
few as six. On one occasion, two batches were processed in one day.  
 
Richard Lee, Don Essig, and Xin Dai processed individual samples into composite samples. 
Samples were set out to thaw for a few hours before processing began. Equipment was set up 
that consisted primarily of a scale to weigh subsamples, a food processor to homogenize the 
subsamples into one composite puree, a hydrochloric acid bath for cleaning the food processor 
between samples, and deionized water obtained the day of sampling from the State of Idaho 
Department of Health and Welfare laboratory. 
 
Within each batch, one sample (a set of fillets from the same species and lake) would be 
randomly selected for a duplicate, and a second set of subsamples cut from the same fillet. A 
new disposable scalpel was used for each sample, and each fillet was rinsed with deionized water 
before subsampling. Each subsample was weighed to get the same approximate mass from each 
fillet. Ten grams was the preferred subsample size, chosen so as to reach a load of approximately 
100 g in the food processor. Experience has shown that with more than 100 g, the food processor 
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is overloaded, causing it to overheat; with less, the subsamples tend to stick to the sides and not 
puree well. Therefore, when there were less than 10 fish per sample, subsample weights were 
increased accordingly to obtain about 100 g of total composite tissue mass. 

Sample Handling and Analysis 
Composite tissue samples were frozen immediately after preparation; blank water samples were 
refrigerated. Samples were usually shipped overnight to reach the laboratory the next day.  Fish 
and water samples were packaged in separate coolers. The frozen tissue was put on dry ice, and 
blanks were packed in regular ice (tap water frozen in Cubitainers®).  
 
Chain of custody forms were prepared for each group of samples, put into a plastic bag, and 
placed in the coolers with the samples. Coolers were sealed with clear packaging tape, and a 
signed and dated custody seal was affixed to each cooler. The last batch of samples was sent to 
the laboratory on October 24, 2007. 
 
Preliminary analytical results were obtained in PDF format by email about 4 weeks after samples 
were shipped to the laboratory, and a hard copy was received a few days later by mail. The final 
preliminarily analytical results were received by email on November 23, 2007, and in the mail on 
December 4, 2007. 

Data Management 
Hard copies of field forms were obtained from IDFG with fish identification numbers, lengths, 
and weights. Sample processing logs with subsample weights were generated and retained by 
DEQ. Copies of chain of custody forms were also maintained as paper files. Analytical results 
were obtained from Brooks Rand in both hard copy and electronic form. 
 
Collection of fish and processing of composites were tracked in a spreadsheet. This spreadsheet 
was also used to hold, track, and share analytical results from the laboratory. The data was later 
imported to a database, into which field data were also directly entered for interpretative analysis 
and long-term storage.  
 
Copies of the QAPP, PDF laboratory reports, spreadsheet, database, and this report are available 
on CD. 
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PART C. ANALYTICAL RESULTS FOR FISH TISSUE FROM STATEWIDE 
LAKES 

Samples Obtained 
Unlike water sampling, in which planned samples are almost always obtained, sampling fish is a 
much more a “take what you can get” proposition.  

Lakes Sampled 
Figure 1 shows the lakes that were sampled in this study, broken down into five size classes by 
surface acreage. In the end, the goal of sampling 50 lakes was met, but it took going through the 
entire 100 lake random draw to do so. The 50 lakes passed over and not sampled either lacked 
sufficient water, were without game fish of catchable size, or were inaccessible, private, or only 
seasonally accessible. Proportions for each of these categories in the 225 lakes we started with 
were estimated from the proportions in our 100 lake random draw using statistical analysis. 
 
We decided that lakes that were dry or without game fish of catchable size were not part of our 
target population, as they presented no exposure to contaminants from consumption of fish. It 
should be noted, though, that being dry may be seasonal or vary from year to year. There is 
nothing we could do about this, but it is a caveat that must be kept in mind when interpreting our 
results. Discounting these lakes left an estimated target population of 136 lakes with water and 
catchable game fish. 
 
An estimated 30% of the 136 target lakes could not be sampled because they were inaccessible, 
private, or only seasonally accessible. Some were inaccessible due to wildfires closing access 
roads; others, because of their remoteness. Fires in the summer of 2007 were a bit of misfortune 
related to timing of sampling; remoteness compelled a budgetary decision. Private lakes without 
public access were not sampled. These lakes also present little or no exposure to the general 
public. Seasonally accessible lakes were lakes for which a drop in water level or seasonal growth 
of aquatic weeds prevented boat access and/or use of fishing equipment by the time they were to 
be sampled. These conditions would likely be different in another year, or with a more intensive 
sampling effort.  
 
After taking into account the number and weighting of those lakes that were part of the target 
population but that we could not sample, there are 95 lakes to which we can extrapolate our 
results with known confidence. The results reported here describe these lakes and reservoirs in 
Idaho greater than 50 acres in size, with water (in 2007) and catchable game fish for which 
sampling was not prevented by ownership or access. 
 
A list of lakes sampled by number and name, with information on their size and location, is in 
Appendix B. 
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Figure 1.  Lakes and Reservoirs Sampled 
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Fish Tissue Samples 
A total of 89 fish tissue samples were obtained. We wanted to obtain 100 fish tissue samples, 
two from each lake, but knew that would not be possible for every lake. In the end, two species 
were obtained from 26 lakes, one species from 18 lakes, and three or more from the remaining 
six lakes. Table 2 shows the number of fish of each species taken from lakes in each size class, 
along with the total number of each species taken. 
 
The ideal would be to have the same species of fish from every lake, all similar in size. This 
ideal cannot be realized given the variations in fish species distributions and lake productivity 
across a geographic area as large as Idaho. It also does not consider the practical limitations 
sometimes encountered in collecting fish. We took what we could get, and it varied. Decisions 
about which fish species to collect were made by IDFG personnel. In part, these decisions were 
made in the office, based on prior knowledge of each lake’s fishery, but also made on-site as 
each lake was sampled. Furthermore, these decisions were at the discretion of eight different 
regional field crews. This likely resulted in more variation than might have been obtained with a 
single statewide crew, but it would have taken a crew dedicated solely to this effort to get to 50 
lakes in one season of sampling. 
 
Table 2. Number of Tissue Samples by Species and Lake Surface Acreage 

Lake size (acres) 

Species 50-100 101-200 201-500 501-3000 >3000 
Species 
total 

Bonneville cutthroat trout ⎯ ⎯ ⎯ ⎯ 1 1 
Black crappie 2 1 ⎯ 3 2 8 
Brook trout 1 3 ⎯ ⎯ ⎯ 4 
Brown bullhead ⎯ ⎯ ⎯ ⎯ 1 1 
Bull trout 1 ⎯ ⎯ 1 ⎯ 2 
Bonneville whitefish ⎯ ⎯ ⎯ ⎯ 1 1 
Catfish sp. ⎯ ⎯ ⎯ 2 2 4 
Common carp ⎯ ⎯ ⎯ 1 ⎯ 1 
Kokanee ⎯ ⎯ 1 2 4 7 
Lahontan cutthroat trout 2 ⎯ ⎯ ⎯ ⎯ 2 
Lake trout ⎯ ⎯ ⎯ ⎯ 4 4 
Largemouth bass 3 4 3 4 5 19 
Largescale sucker ⎯ 1 ⎯ 1 ⎯ 2 
Mountain whitefish ⎯ ⎯ 1 ⎯ 1 2 
Rainbow trout 1 2 4 1 4 12 
Smallmouth bass ⎯ ⎯ 1 2 5 8 
Sunapee trout ⎯ 1 ⎯ ⎯ ⎯ 1 
Walleye ⎯ ⎯ 1 2 ⎯ 3 
Westslope cutthroat trout ⎯ 1 ⎯ ⎯ 1 2 
Yellow perch ⎯ 1 ⎯ 1 3 5 

Total      89 
 
Abundance of fish also varies by lake. This is reflected in the fact that on 13 occasions, less than 
10 fish per species were obtained for generating the composite sample. As a consequence of the 
lesser number of fish, these composite samples may not be as representative of average 
contaminant levels in the lakes they come from as the composite samples drawn from 10 fish. 
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Again, we took what we could get, figuring some data is better than none. Results from these 13 
samples are included here. 
 
Fish size was also driven mostly by what was available and varied greatly. It is known that older 
(larger) fish accumulate more mercury and other contaminants (Figure 2) (EPA 2001; Wente 
2004). Had we been able to afford analysis of individual fish, we could perform a regression 
analysis of fish size versus contaminant concentration and normalize tissue contaminant levels 
for the influence of size, at least for the species more commonly encountered. As it is, all we can 
say is that difference in species and fish size (age) from lake to lake undoubtedly had an effect on 
the results, increasing variability observed and making it difficult to compare one lake to another. 
 
A summary of the number of fish per species and the average weight and length per composite 
tissue sample is in Appendix C. Individual fish weights and lengths are in the database on the 
data CD. 
 

 
Figure 2.  Example of Differences in Tissue Mercury Content by Species and Size of Fish for Snake 
River at Lewiston, generated using USGS EMMMA 

Quality Control 
Xin Dai of DEQ performed an independent evaluation of the field QC samples and laboratory 
QC reports. Quality control objectives were largely met. Results are summarized below, and Xin 
Dai’s report appears in Appendix E. 
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Blanks/Contamination of Samples 
During processing, three water blanks, 11 process blanks, and 12 rinseate blanks were generated 
to check on possible sources of sample contamination. Water blanks were only run for the first 
three batches of fish tissue processed to check on the deionized water source. The first batch of 
deionized water used for rinsing fillets and cleaning equipment had been stored at DEQ for an 
unknown length of time and showed detectable mercury at 21.7 nanograms per liter (ng/L). 
Because only a small quantity of this water, perhaps 1 ml or 1 g, is introduced into the 100 g 
composite tissue sample and tissue concentrations are three to four orders of magnitude greater, 
this presents no contamination issue. Subsequently, deionized water was obtained fresh from the 
Idaho Department of Health and Welfare Bureau of Laboratories (State Lab),  and two 
subsequent water blanks contained much lower mercury concentrations, at 2.3 ng/L and 0.2 
ng/L; the latter being above the detection limit but below the quantitation limit. From this, it was 
determined there was no contamination in the deionized rinse water. Thereafter, only rinseate 
and process blanks were used, providing a cumulative check on contamination (see the QAPP 
section blanks, page 11). The first set of process and rinseate blanks was processed as water 
samples rather than tissue (that is, they were not digested at the laboratory), and so results were 
reported as water rather than tissue concentrations. 
 
All the arsenic and selenium concentrations in process and rinseate blanks were below detection 
limits, thus there is no measurable contamination for these analytes. A few of the process or 
rinseate blanks did have detectable mercury, with the highest measureable result being a rinseate 
blank with the equivalent of 0.32 micrograms per kilogram (ug/kg) mercury. That compares to 
the lowest sample result of 20.1 ug/kg mercury, which would produce a high bias of less than 
2%. For the eighth batch of samples, the batch-specific detection limit for mercury was greater 
than 1.3 ug/kg. This was above our data quality objective for the mercury detection limit, 
however, the lowest sample result in that batch was 45.0 ug/kg. In both situations, the values in 
the blanks are less than 5% of the lowest sample result, and so do not present a significant high 
bias to any of the results and were deemed acceptable. 
 
Blanks are a check for possible contamination of samples. Contamination, if present, would 
impart a high bias to results, the effect of which would be more pronounced at lower sample 
concentrations. There were no issues with contamination of blanks that would qualify any of the 
sample results. 

Duplicates/Precision of Measurement 
There were 13 duplicate samples generated outside the laboratory during this study. Three of 
these were field duplicates⎯a second set of 10 fish collected on the same day at one lake. The 
remaining 10 were processing duplicates, from a second set of tissue subsamples generated 
during the tissue compositing process. 
 
Tissue arsenic concentrations were too low (below the quantitation limit) to allow calculation of 
field duplicate precision. Precision was assessed in the laboratory using matrix spikes and matrix 
spike duplicates. Laboratory precision for inorganic arsenic ranged from 1 to 8%, and for total 
arsenic from 0 to 10%. 
 
Field duplicate precision for mercury ranged from 0 to 40% relative percent difference (RPD), 
averaging 9% RPD, and all but one duplicate met the QC objective of being equal to or less than 
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40% RPD. In batch 5 of fish processed, one of two duplicates for the batch was right at the 
control limit of 40% RPD. Fortunately, the second duplicate in this batch had a RPD of 9%. In 
the laboratory, imprecision was never greater than 20% RPD, and for batch 5, it was 10% and 
11% for two matrix spike\matrix spike duplicates. It was judged that there was no systematic 
problem in mercury measurement precision, and results from batch 5 were accepted. Higher 
imprecision in field as compared to laboratory duplicates is expected, as the subsampling and 
compositing process is a source of variability.  
 
One of the 13 field duplicates was too low in selenium to calculate a valid RPD. The remaining 
12 field duplicates ranged from 0 to 25% RPD, averaging 11%.  
 
Analysis of duplicates measures the reproducibility of results. Differences in sample results less 
than 40% may be due entirely to variability introduced by sampling, processing, and 
measurement. Although precision of one duplicate for mercury was marginal, all results met 
objectives for reproducibility. 

Reference Samples/Accuracy of Analysis 
A laboratory’s measurement accuracy can only be judged based on its analysis of a reference 
material whose true value is known. The laboratory used two certified reference materials 
(CRMs): dogfish muscle (DORM-2) and dogfish liver (DOLT-3). The laboratory control limits 
for arsenic, mercury, and selenium were 75-125% recovery (% of known value).  
 
Twelve mercury measurements of reference materials were made over the course of the project. 
Recovery ranged from 94 to 115%, averaging 103%. Total arsenic recovery was more variable, 
ranging from 78 to 110% for 16 measurements, averaging 94%. Total selenium recovery was the 
most variable, ranging from 84 to 140%, but averaged well at 110% for 16 samples.  A reference 
material with a certified inorganic arsenic result does not exist. Instead, the laboratory relied 
upon fortified blanks, a known amount of arsenic added to a blank and then processed as a fish 
tissue sample, to assess accuracy. Thirteen fortified blanks were analyzed in association with 
project samples, and recovery ranged from 92 to 110%, averaging 103%. Average recoveries for 
all analytes were well within data quality objectives and indicate no systematic bias in the 
results.  
 
The recovery for selenium was high in the first two batches of samples for DORM-2, 140% and 
131%, respectively, and above the upper control limit of 125% of the known value. This 
indicates a possible high bias in selenium results for those two batches. In both batches, the 
analysis of a second CRM, DOLT-3, was within control limits (112% and 114% recovery, 
respectively). Furthermore, all other QC results, including blanks and laboratory fortified blanks, 
were acceptable, so no results were flagged as unacceptable. 
 
Analysis of reference samples measures the accuracy of results. However, if a difference 
between the measured and known values is less than the difference between duplicate results 
(measurement precision), it is not meaningful; it represents random variation. Differences greater 
than duplicate precision point to either a low or high bias to sample results. Although there was 
unacceptably high recovery for two selenium reference samples, the selenium results for the 24 
samples affected were accepted as useable based on other QC data and are included in the 
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summary of results and discussion. All other selenium samples and all samples for other analytes 
met accuracy objectives. 

Detection Limits 
The detection limit (DL) is the lowest concentration at which we can be sure (99% probability) 
the analyte is present. This limit is set by sampling and analytical capabilities and may not be 
sufficiently low to quantify environmentally relevant contaminant levels. This is the case with 
arsenic in this study. Still, useful information can be obtained in terms of the number of “detects” 
or “non-detects.” Conversely, just because we can detect or even quantify an analyte does not 
mean we have a contamination problem. Our measurements need to be compared to criteria, 
reference concentrations, or other environmentally relevant benchmarks.  
 
Measurement precision naturally declines as concentrations approach the DL and theoretically 
reaches 100% relative standard deviation (RSD) at the DL. As sample concentrations increase, 
precision improves and we reach a concentration where we can begin to know that differences 
between measurements represent real differences in concentration, which is known as the 
practical quantitation limit (PQL). Analyte concentrations that exceed the DL but do not exceed 
the PQL are considered estimated concentrations, we know the analyte is present but are not sure 
different measurements reflect real sample concentration differences. These estimated 
concentrations are indicated by a ~ in the data tables.  
 
Table 3 lists the analytical methods used in this study and their detection limits for the fish tissue 
analyses. Note that mercury limits are expressed in ng/g, which is a thousand-fold less than 
mg/kg. Concentrations less than the DL are indicated by a < sign in the tables of data in 
Appendix D. 
 
Table 3. Methods of Analysis and Detection Limits for Fish Tissue 

Analyte EPA Method Detection Limit Practical Quantitation Limit 
Inorganic Arsenic 1632 (HGAA) 0.003 mg/kg1 0.005 mg/kg 
Total Arsenic 1638 Mod. (ICP-MS) 0.11   mg/kg 0.30 mg/kg 
Total Selenium 1638 Mod. (ICP-MS) 0.04   mg/kg 0.13 mg/kg 
Total Mercury 1631 (CVAF), Appendix D 0.04   ng/g 0.10 ng/g 
% Solids 160.3 0.09% 0.29% 

1 Detection limit varied from 0.002 to 0.003 mg/kg. 
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Fish Tissue Contaminant Levels 
Table 4 summarizes results for all 89 fish tissue samples by analyte.  
 
Table 4. Descriptive Statistics of all Fish Tissue Samples Results1 

 
Arsenic (inorganic) 
g/kg 

Arsenic (total) 
mg/kg 

Mercury ng/g 
(ug/kg) 

Selenium 
mg/kg 

% solids 

# >PQL 0 3 89 61 89 
# >DL & PQL 1 8 0 27 0 
# <DL 88 78 0 1 0 

Total 89 89 89 89 89 
      
Min <0.002 <0.11 20 0.05 16.0 
Max 0.005 0.35 1380 1.01 29.7 
Median <0.003 <0.11 180 0.22 21.3 

n  1 11 89 88 89 
Mean 0.005 0.21 249 0.26 21. 8 

1 Descriptive statistics are calculated using only the results above the detection limit, n. 
 
The median is the value at which 50% of the sample concentrations are greater and 50% are less. 
In other words, if you went to one of our target lakes and collected game fish of catchable size as 
we did, you could expect a fifty-fifty chance of getting a sample with a concentration above the 
median. With more than 50% of the values below the detection limit for arsenic, all we can say is 
that the median is below the detection limit as well.   
 
The mean is the arithmetic average of all samples. It is the concentration of a contaminant you 
would be exposed to if you were to eat equal quantities of all the fish samples that went into 
calculation of the mean. Concentrations less than detection values preclude calculation of an 
unbiased mean for all samples. While there are several ways to handle this, we have chosen to 
calculate a mean only for the samples with results above the detection limit (n in Table 4). As is 
typical for environmental measurements, the distribution of results is right-skewed, that is, there 
are a few very high results that stretch the distribution to the high side, pulling the mean above 
the median. Thus, composite tissue concentrations are more likely to be less than the mean. 
 
Individual composite tissue analysis results are provided in Appendix D. Contaminant levels are 
summarized by analyte in the following sections.  

Arsenic (As) 
All 89 tissue samples in this study had no detectable inorganic arsenic, even though the detection 
limit was very low, at 0.002 to 0.003 mg/kg. No descriptive statistics or probabilities of 
exceedance can be calculated.  
 
So what can we say about inorganic arsenic in fish tissue from Idaho lakes? Although there is no 
fish tissue criterion for inorganic arsenic, there is a human health criterion based on consumption 
of fish tissue contaminated with inorganic arsenic. That criterion is 0.14 ug/L and was calculated 
by EPA from fish consumption rates and a dose of inorganic arsenic associated with adverse 
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human health effects using a bio-concentration factor (BCF) of 44 (EPA 2000b; EPA 2002c). 
Using this factor in reverse, from water to tissue, and applying it to the water criterion, we can 
calculate an equivalent fish tissue inorganic arsenic level of 0.006 mg/kg. This approach is taken 
by the Washington Department of Ecology to use fish tissue monitoring to indicate compliance 
with water toxics criteria. Since all samples we obtained had concentrations that were, at most, 
half this value (<DL = 0.003 mg/kg), evidence is strong that there is not widespread inorganic 
arsenic contamination in Idaho lakes and reservoirs represented by this study. 
 
Total arsenic results are similarly low, with only 10 of the 89 fish tissue samples having a total 
arsenic concentration above the detection limit of 0.11 mg/kg. The highest total arsenic 
concentration observed was 0.35 mg/kg for bull trout from Alturas Lake. Again, there is no 
criterion to compare to. But we can use the BCF of 44 for “fish only” criterion for inorganic 
arsenic and very conservatively assume all arsenic in fish tissue is inorganic1 to back-calculate 
from fish total arsenic to equivalent water total arsenic. Doing so our maximum observed total 
arsenic in fish value would equate to a water total arsenic concentration of 8 ug/L.  
 
For comparison, the current human health criterion in Idaho is 50 ug/L inorganic arsenic, while 
the drinking water maximum contaminant level is 10 ug/L total arsenic. Much of the arsenic in 
fish tissue is organic rather than inorganic, while water-borne arsenic is mostly inorganic (EPA 
2002b; EPA 2003). 
 
Although such comparisons are useful for putting the present results into perspective, they 
should be viewed with great caution.  The current arsenic BCF of 44 is a consumption-weighted 
average between marine oyster, with a BCF of 350, and rainbow trout, with a BCF of 1. The 
latter occurs in Idaho, and the former does not. A lower BCF, closer to 1, may be more 
appropriate to Idaho waters and the fish they support. A lower BCF would change the calculated 
equivalencies above, but it would also increase the water criterion value. 

Selenium (Se) 
For selenium, all but one sample result were above the detection limit. Twenty-eight of the 
sample concentrations were greater than the detection limit but less than the practical 
quantitation limit. This provides sufficient data to construct a cumulative frequency distribution 
(see appendix F), and from this we can determine that half the lakes (50th percentile) had 
sampled fish with selenium tissue concentrations of 0.18 mg/kg or more, on a fresh weight basis. 
The highest value was 1.01 mg/kg for Bonneville whitefish from Bear Lake. 
 
Like arsenic, there are no current fish tissue criteria for selenium. There is a draft selenium fish 
tissue criterion proposed by EPA in November 2004 for protection of aquatic life (EPA 2004). 
That criterion is 7.91 mg/kg, and it is on a dry weight basis. We knew this to be the case, but 
because mercury was our top priority, and its criterion is expressed on a wet weight basis, and 
because only one of these bases could be used, we chose wet weight analysis. To allow later 
conversion of wet weight selenium results to a dry weight basis, we also had each sample’s 
percent solids determined.  Looking specifically at our highest selenium result (Bonneville 
whitefish from Bear Lake), with 23.3% percent solids, we get an equivalent dry weight selenium 
                                                 
1 Like mercury, evidence indicates that 85–90% of arsenic in fish tissue is present as organic arsenic, leaving 
10-15% as inorganic (EPA 2002b; EPA 2003). Unlike mercury, the inorganic form of arsenic is thought to be more 
toxic than the organic form (ASTDR 2007). 
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value of 4.33 mg/kg, well below EPA’s 2004 draft selenium criterion. Percent solids ranged from 
16% for brown bullhead from Mud Lake to almost 30% for lake trout from Lake Pend Oreille, 
with an average for all 89 samples of 21.8%. If we conservatively round the average down to 
20%, this gives us a widely applicable factor of 5 to multiply the wet weight selenium results by 
to get dry weight results (or divide by 5 to go the other way). 
 
Bear Lake is in the far southeast corner of Idaho, and its drainage area includes known 
phosphoria formations and active phosphate mining. Selenium is associated with these geologic 
formations and phosphate mining. East Mill Creek in this area is well known for its very high 
selenium values and has a fish consumption advisory for selenium (IFCAP 2008). So the high 
value in Bear Lake makes some geographic sense. On the other hand, it is reassuring that this 
high result is below EPA’s proposed criterion. Overall, our results indicate that selenium 
contamination is not widespread in Idaho lakes and reservoirs represented by this study. This 
does not mean, however, that selenium contamination cannot be a concern locally, such as in 
East Mill Creek. 

Mercury (Hg) 
None of the mercury results were below the detection limit, and none were below the practical 
quantitation limit, so good quantitation of mercury levels in all samples was achieved. Our 
results show 26 of the 89 samples (29%) of fish tissue with mercury levels above the criterion of 
300 ng/g (0.3 mg/kg). Table 5 provides a breakdown by species of these 26 samples. Twelve 
rainbow trout samples were also obtained (Table 2); none of them had mercury above the 
criterion.  
 
Table 5. Summary by Species of Fish Samples with Mercury Above the Human Health Criterion 

Species # Samples For Species # > Mercury Human Health Criterion 
Largemouth bass 19 9 
Smallmouth bass 8 6 
Lahontan cutthroat trout 2 2 
Walleye 3 2 
Lake trout 4 2 
Catfish 5 2 
Black Crappie  8 1 
Yellow perch 5 1 
Common carp 1 1 

 
Geographically, the high result was taken from Salmon Falls Creek Reservoir near the 
Idaho/Nevada border, for walleye with mercury concentration of 1380 ng/g. The second highest 
result was 1229 ng/g for smallmouth bass, also from this reservoir. Salmon Falls Creek Reservoir 
is a recognized “hot spot” for mercury contamination and its watershed has been the subject of 
intensive study of mercury contamination for several years (Lay 2007; Abbot et al. 2008). There 
are large regional sources of air emission of mercury in northern Nevada and eastern Oregon that 
are suspected to be contributing to elevated fish tissue concentrations in southern Idaho (Figure 
3). Prior to the 2006 Toxics Release Inventory (TRI), reported air emissions to the south of Idaho 
were much greater (EPA 2008). A TMDL for mercury was recently completed and is the first 
mercury TMDL submitted to EPA for the state of Idaho (Lay 2007).  
 
Lake trout from Lake Pend Oreille and largemouth bass from MacArthur Lake, both in far 
northern Idaho, were the next highest in mercury content among the samples we obtained. This 
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shows that mercury contamination of fish is not restricted to southern Idaho in proximity to 
known major sources of mercury-containing air emissions. Elevated levels of mercury in fish are 
showing up throughout Idaho, indicating a widespread problem. There are few known sources of 
mercury within Idaho (DEQ 2005; Figure 3). Minor sources, reporting less than 26 lbs Hg/year 
are not shown in Figure 3 (such as the Ash Grove Cement plant in Inkom, Idaho). While Idaho 
air sources contribute, this suggests regional and global air sources are the predominant source of 
excess mercury loading to Idaho lakes and reservoirs. However, the 2006 TRI data reflects only 
sources required to report their mercury emissions. Other sources within Idaho do not report and 
their relative contribution is thus not depicted.  
 
To calculate percentiles for lakes rather than samples, where more than one species per lake was 
obtained, it was necessary to collapse the results from the multiple species to one result per lake. 
This was done by using the average value among multiple species to characterize the lake. Thus, 
the percentage of samples with concentrations above a threshold, e.g., the methylmercury human 
health criterion, will differ from the percentage of lakes with results above that threshold. For 
example, all three species collected from Hell’s Canyon Reservoir had greater than 300 ng/kg 
methylmercury in composite tissue samples, but this is counted as only one lake with results 
greater than the criterion. In addition, random selection weighting goes into summarizing the by-
lake results. 
 
When the by-sample results are collapsed to a by-lake basis, 20 of the 50 lakes, or 40%, have at 
least one species of fish with mercury higher than the criterion. Fish tissue mercury results for all 
lakes sampled are shown on the map in Figure 4. When probability weighting is applied to the 
random selection and percentages are adjusted to account for lake size, we estimate that the 
fraction of the 95 lakes in our targeted population with average fish tissue mercury content 
greater than 300 ng/g is 29% (95% confidence bounds of 22 to 44%). A cumulative frequency 
distribution of this data is in appendix F. Because the basic sampling unit (the basis for random 
draw) was a water body, not a fish sample, we cannot make a similar extrapolation for by-sample 
results. 
 
In summary, mercury contamination of fish tissue from Idaho lakes is widespread but species-
specific. Piscivorous species⎯largemouth and smallmouth bass, walleye, and lake trout⎯most 
frequently have mercury levels higher than the criterion. All four species are not native to Idaho 
waters. By-species sample sizes are too small to make any geographic generalizations. 
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Figure 3.  Regional Air Emissions of Mercury  
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Figure 4.  Mercury in Fish Tissue Results by Lake 
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PART D. OTHER RECENT FISH TISSUE MONITORING  

Additional fish samples were collected and analyzed by Brooks Rand Laboratory under the 
general guise of this project but are not part of the probabilistic lakes assessment. These include 
rainbow trout from seven IDFG State Fish Hatcheries and four species from Glendale Reservoir 
in southeast Idaho, following up on an angler’s complaint of suspected mercury poisoning that is 
detailed below. In addition, 15 composite fish tissue samples from the lakes and reservoirs 
sampling were split and divided into two smaller samples for an interlaboratory methods 
comparison.  
 
Also, results from two other monitoring efforts looking specifically at mercury in fish tissue are 
presented here for comparison, from DEQ sampling of Portneuf River and Silver Creek in 2007. 
These are riverine systems, rather than lakes or reservoirs, and are of interest because of the 
mercury levels found. 

State Fish Hatcheries 
Composite samples of 10 rainbow trout each were generated from seven IDFG hatcheries that 
produce trout for stocking Idaho surface waters. Samples were provided by IDFG and processed 
by DEQ in the same manner as all the lake samples, to see if stocked fish might be a “source” of 
mercury.  The results are as shown in Table 6. 
 
Table 6. 2007 Fish Hatchery Rainbow Trout Analysis Results 

Hatchery 
Arsenic (inorganic) 
g/kg 

Arsenic (total) 
mg/kg 

Mercury ng/g 
(ug/kg) 

Selenium 
mg/kg 

American Falls  <0.002 0.31 23.6 0.24 
Ashton <0.002 0.53 22.8 0.20 
Grace  <0.002 0.53 24.6 0.23 
Hagerman <0.002 0.36 26.5 0.24 
Hayspur <0.002 0.54 27.2 0.28 
Hayspur duplicate <0.002 0.55 23.3 0.27 
Mackay <0.002 0.47 29.1 0.21 
Nampa  <0.002 0.47 20.6 0.18 

Mean  <0.002 0.47 24.7 0.23 
 
Mercury results are all very low, less than one tenth of the criterion and about one quarter of the 
average mercury concentration of 102 ng/g found in the 12 rainbow trout collected from Idaho 
lakes. The selenium results are similar to those found in the statewide lakes survey, which 
averaged 0.26 mg/kg (n=88). Arsenic results are mostly higher than in the statewide lakes 
survey, for which the highest result for 89 samples was 0.35 mg/kg.  

Glendale Reservoir 
In the summer of 2007, Kayo Robertson, a resident of Smithfield, Utah, contacted DEQ with a 
concern about possible mercury poisoning from his consumption of black crappie taken from 
Glendale Reservoir in southeast Idaho near the Utah border. Earlier, Mr. Robertson had learned 
various ailments he’d been suffering were like symptoms of mercury poisoning and at his own 
expense had a sample of his hair sent in for testing. This testing revealed mercury at 9.5 ppm, 
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nearly 10 times the level considered safe.  To follow up, he had five crappie fillets from his 
freezer analyzed for mercury by the Utah Veterinary Diagnostic Laboratory, again at his own 
expense. DEQ was provided a copy of those results on August 22, 2007 (Robertson 2007, 
personal communication). Mercury concentrations in Mr. Robertson’s crappie fillets ranged from 
402 to 653 ng/g, based on analysis by inductively coupled plasma-mass spectrometer (Method 
200.8). Although a sensitive enough method to easily measure the levels of mercury found in 
fish, this method is approved by EPA only for analysis of water (EPA 1994). The handling of the 
samples submitted for analysis by Mr. Robertson is unknown⎯how long it was before they were 
first frozen, how long they were kept in the freezer, and if they were kept frozen up until the time 
of analysis. The effect this may have had on the results is unknown, making the results suspect 
for use in a fish consumption advisory or water quality impairment determination. 
 
Therefore, DEQ, in cooperation with IDFG, obtained additional samples of four fish species 
from Glendale Reservoir in November 2007 using the protocols of the statewide lakes fish tissue 
study. This sampling confirmed mercury levels above the human health criterion of 300 ng/g in 
black crappie and largemouth bass from Glendale Reservoir, while bluegill and yellow perch 
were slightly below the criterion, but still relatively high (Table 7). Concentrations of arsenic in 
these samples are in line with the statewide results, while selenium concentrations are somewhat 
higher than the statewide average. Each result is for a composite of 10 fish. 
 
Table 7. 2007 Glendale Reservoir Fish Analysis Results 

Species 
Arsenic (inorganic) 
g/kg 

Arsenic (total) 
mg/kg 

Mercury  
ng/g (ug/kg) 

Selenium 
mg/kg 

Black crappie <0.002 <0.11 334 0.40 
Bluegill <0.002 <0.11 267 0.41 
Yellow perch <0.002 <0.11 289 0.36 
Largemouth bass <0.002 <0.11 989 0.34 
Largemouth bass duplicate <0.002 <0.11 896 0.31 

Split Samples for Comparison of Mercury Methods 1631 and 7473 
In late summer 2007, 15 composite samples were split into two for a comparison of two mercury 
analysis methods. One set of splits was sent to Brooks Rand Laboratory for analysis by EPA 
method 1631, Appendix D, cold-vapor atomic fluorescence (CVAFS); the other was sent to the 
State Lab for analysis by EPA method 7473, direct thermal decomposition.  
 
Method 1631 was developed for trace level analysis of mercury in water samples (EPA 2002); its 
Appendix D adapts the method to analysis of tissue digests. Method 1631, Appendix D is 
currently the only EPA-recommended method for an analysis of mercury in fish tissue, although 
the sensitivity of method 1631 is not necessary for the mercury levels typical of fish tissue. 
Method 7473 is a relatively new method that was developed for analysis of mercury in solid 
waste samples (EPA 2007); it is not approved by EPA for fish tissue samples. However, method 
7473 is gaining in popularity for fish tissue analysis as it can be done more rapidly and less 
expensively. It may also be a better method for tissue than 1631, being less prone to matrix 
interferences and loss of mercury during digestion, thus able to more completely capture all the 
mercury in a solid sample. The USGS Water Science Center in Middleton, Wisconsin, has been 
comparing direct combustion (method 7473) to traditional digestion and CVAFS (method 1631) 
(Sabin and Olson 2006). Their work shows that the two methods give very similar results for 
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sediments, plant tissue, and zooplankton. Although the detection limit with direct combustion is 
not quite as low as it is for method 1631, it is more than adequate for fish tissue mercury levels.  
Direct combustion (method 7473) has become the USGS-preferred method for analysis of 
mercury in solids because it requires no sample preparation and provides comparable results to 
method 1631. 
 
Our results with method 7473 are higher than the results with method 1631 for all 15 samples, 
and were, on average, 136% of the method 1631 result, ranging from 103% to 161% (see data 
tables in Appendix D). This shows a substantial high bias to the method 7473 results, if the 
method 1631 results are assumed to be the true values. In fact, it is not known which values are 
closer to the true values and it could be that method 1631 is biased low, which is somewhat more 
plausible, given the digestion involved in sample preparation. It must be recognized that the 
“true” concentration of a certified reference material is a consensus value based on laboratory 
round-robin testing using an established method. Currently, the standard method for fish tissue is 
method 1631. It would be expected that a new method would produce higher results if it reduced 
negative interferences, was better at releasing an analyte from its matrix, or minimized loss of an 
analyte in sample processing. 
 
Brooks Rand Laboratory did run standard reference materials as part of their laboratory QC, as 
reported above, and those recoveries were good (95 to 115%, average 103%), indicating no low 
bias in their results. So at this point in time, the method 7473 results must be considered biased 
high, by 36% on average in our test, and by as much as 61% for one sample.  
 
Unfortunately, this bias makes a difference when determining whether the mercury human health 
criterion is met; two of the 15 samples were below the criterion according to method 1631, but 
exceeded it according to method 7473. This is unsettling, as the Idaho State Laboratory is the 
laboratory of choice for fish tissue analysis for the Idaho Fish Consumption Advisory Program. 
The above comparison is complicated by a difference in laboratory as well as method. In the 
future, DEQ hopes to further compare methods and eliminate laboratory differences as a possible 
explanation for any bias. 
 
An additional interlaboratory comparison used a sample of four cutthroat-rainbow trout hybrids 
collected in 2007 from the Portneuf River at Croney Road, as described in the following section. 

Portneuf River  
Since 2003, when Idaho headed toward adopting a methylmercury fish tissue criterion, DEQ 
expanded Idaho’s Statewide Trend Monitoring Network program, conducted in cooperation with 
USGS, to include sampling fish tissue for mercury. Under this program, six to seven river sites 
per year have been sampled, with the Portneuf River being sampled in 2006.  
 
A composite sample of eight large brown trout was obtained from the Portneuf River at Topaz by 
the USGS on September 6, 2006. This sample had a mercury concentration of 1160 ng/g, the 
highest to date that DEQ had found in fish from an Idaho river (flowing water), rather than a lake 
or reservoir (ponded water). The next highest 2006 result from the trend network was 220 ng/g 
for a channel catfish sample from the Snake River at Nyssa.  
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This finding shattered the conventional wisdom that only fish in lakes and reservoirs, where 
methylation of inorganic mercury is favored, would have high mercury levels. The 2006 
Portneuf River fish were very large (average length 514 mm, ~20”), and it was surmised that 
perhaps the result was an anomaly. In 2007, DEQ followed up, sampling both fish tissue and 
water mercury levels to investigate further. DEQ obtained fish from two locations on the 
Portneuf River above Pocatello: the Topaz reach where USGS had sampled in 2006 on behalf of 
DEQ and upstream at Croney Road, above Lava Hot Springs, a possible source of mercury (Van 
Every 2007). 
 
Although the 2007 DEQ brown trout results for the Topaz site are much lower than the results 
obtained by USGS the year before, (about a third of the concentrations obtained by USGS), the 
results obtained by DEQ confirm lack of compliance with the fish tissue criterion for three of 
four samples (Table 8).    
  
Table 8. 2007 Portneuf River Fish Mercury Results 

Tissue Mercury  
in ng/g (wet weight) 

Site/date Species 
Number  
of fish Range Mean 

Brown trout 10 220 - 730 396 Topaz 
    March 7, 2007 Rainbow trout 3 180 - 340 247 

Cutthroat trout 2 480 - 870 675 Croney Rd. 
    August 29, 2007 Cutth/rainbow hybrid 4 200 - 480 322 
    Lab split of above Cutth/rainbow hybrid composite of 4 na 232 

Note: 300 ng/g = 0.3 mg/kg, the criterion for mercury in fish tissue 
 
The brown trout DEQ obtained in 2007 were smaller, averaging 303 mm (12”) in length; as 
pointed out earlier, it is known that older (larger) fish accumulate more mercury in their tissue. 
A difference in laboratories could also explain some of the difference.  DEQ used the State Lab 
while the USGS-collected samples were analyzed at their laboratory in Middleton, Wisconsin, 
which specializes in mercury analysis. Both labs employ the newer method 7473 rather than 
method 1631. 
 
An example of the difference in analytical results that can result from a different method and/or 
laboratory is discussed in the previous section. In the Portneuf follow-up investigation, DEQ sent 
a split sample of the four cutthroat rainbow trout from the Croney Road site to Brooks Rand for 
analysis by method 1631. Those fish were composited into one sample, and the single composite 
result was 232 ng/g compared to 322 ng/g as an average for four fish analyzed by the State Lab 
using method 7473. While consistent with what was found in the 15 lake sample splits (previous 
section), it does not answer questions of possible laboratory bias. Although we do not know if 
there are interlaboratory biases, fish age/size is a more likely explanation for the difference 
between the 2006 USGS result and 2007 DEQ results.  

Silver Creek  
Silver Creek has been sampled for mercury in fish tissue twice as part of the Statewide Trend 
Monitoring Network program, in 2004 and again in 2007.  
 
In 2007, Silver Creek at Sportsman’s Access near Picabo, Idaho, was one of six sites planned for 
sampling. When The Nature Conservancy (TNC) learned of the sampling, they asked the USGS 
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to include a second site upstream on their Silver Creek Preserve. TNC also provided funding for 
individual fish analysis, rather than the customary composite samples, providing a level of detail 
not normally available from the Statewide Trend Monitoring Network program or typical DEQ 
sampling. 
 
Ten brown trout were sampled from both sites in early June, 2007 (Maret 2007).  Results are 
summarized in Table 9. 
 
Table 9. Silver Creek 2007 Brown Trout Mercury in Tissue 

Fish Length (mm) Fish Tissue Mercury (ng/g)  
Site Range Mean ± sd1 Range Mean ± sd 
Sportsman’s Access 325 - 520 533 ± 65 170 - 1910 670 ± 480 
TNC Preserve 305 - 582 527 ± 88 190 - 1100 500 ± 340 

sd – standard deviation 
 
The mean concentrations are lower than those found in brown trout of very similar size in the 
Portneuf River in 2006. Individual fish results reveal great variability from fish to fish in tissue 
mercury levels. On one hand, this is comforting in that it justifies the effort to get 10 fish for a 
composite analysis to characterize a site. It is also disquieting to some, as the high result from 
Silver Creek of 1910 ng/g fish tissue mercury is higher than any result we have previously seen, 
and more than six times the criterion. 
 
This needs to be put in perspective. That high result was for the largest fish, at 520 mm, 
consistent with the age/size versus bioaccumulation relationship. It is important to understand 
that human health effects of too much methylmercury in the diet are based on lifetime exposure 
at a consumption of 17.5 g/day on average. Unless an individual is consistently and regularly 
eating the largest fish, their long-term average exposure is better characterized by an average or 
composite result. In risk assessment, the average or composite result is also taken to be a better 
indicator of exposure for the general population. An individual who prefers to eat fish higher in 
the trophic structure or of larger size, or eats more fish on average than 17.5 g/day, will be at 
greater risk than the general population for which the criterion is intended to be protective. 
 
A composite sample of 10 brown trout was also collected at Silver Creek at Sportsman’s Access 
near Picabo, Idaho, on June 14, 2004. The fish in this sample averaged 384 mm in length (range 
320-478), somewhat smaller than in 2007, but had a tissue mercury concentration of 110 ng/g 
(composite result). Thus, there was a sixfold increase in fish tissue mercury concentrations in 
three years time, but only a 13% increase in fish length. It is not known if the fish from the two 
sampling events are from the same cohort, thus three years older in 2007, which would better 
explain the increase in tissue mercury levels. 
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PART E. DISCUSSION 

Brief Comparison of Arsenic, Mercury, and Selenium Environmental 
Toxicology 
Arsenic, mercury, and selenium are all naturally occurring elements. They are present in the 
environment regardless of human activities and cannot be destroyed, only transformed and moved 
around. All three have multiple oxidation states and complex geochemical cycles involving 
inorganic and organic forms; water, biota, and sediment; and bioaccumulation in fish tissue. But 
there are also significant differences among them (ASTDR 1999, 2003, 2007). 
 
Three very similar terms are used in discussing the changes in concentration of contaminants as 
they move from water into living organisms and on up the food chain to fish and possibly people: 
bio-concentration, bio-magnification, and bioaccumulation. Bio-concentration refers to the ratio of 
contaminants in organisms to that in water. Although this ratio can be calculated for organisms 
higher in the food chain such as fish, strictly speaking, it is bio-concentration only when measured 
in primary producers at the first step in the food chain, such as algae. This is because further up 
the food chain, in aquatic organisms that eat other organisms, exposure to contaminants comes 
from food as well as water. In fact, contaminants from food may be more important higher up the 
food chain⎯the importance depends on the tendency of a contaminant to bio-magnify, that is, to 
further increase in concentration as we move beyond the first step in the food chain, from primary-
producer food organisms to consumer organisms. The tendency of contaminants to bio-concentrate 
and to bio-magnify differs, both among contaminants and with any one contaminant; that is, 
something that bio-concentrates well may not necessarily bio-magnify greatly. Basically, changes 
in the chemical forms of contaminants as they move through the food chain and differences in the 
biochemistry of various organisms, especially plants versus animals, affect the process. 
Combining bio-concentration with bio-magnification, we get bioaccumulation. 
 
Arsenic, mercury, and selenium all bioaccumulate; therefore, their concentration in fish tissues is 
higher than in the waters the fish inhabit. But they do not bioaccumulate equally. Mercury is far 
and away the champion, bio-concentrating strongly—from water to algae, then further 
concentrating (bio-magnifying) so that in fish tissue, it is tens-of-thousands to hundreds-of-
thousands of times greater than its concentration in water. Arsenic appears to bio-concentrate—
from water to algae—but then to not magnify much, if at all, further up the food chain. Selenium 
behaves similarly to arsenic and seems to concentrate least strongly of the three, though this 
picture depends on the chemical form measured.  
 
Chemical form affects the process of bio-concentration and then bio-magnification, and so does 
physiological conversion from inorganic to organic forms. Selenium is unique among the three 
contaminants in that it is an essential micronutrient for animals in low doses, though it quickly 
becomes toxic at only moderately higher intake levels. Lack of selenium bio-magnification may be 
explained by an organism’s physiology working to control selenium concentration in their tissues. 
Such bio-regulation may also play a role, less pronounced, in limiting arsenic bio-magnification.  
 
While aquatic life is more sensitive to selenium than is human health, the latter is the bigger 
concern for arsenic and mercury contamination. The oxidation states of selenium and arsenic play 
a big role in both compounds’ mobility and thus toxicity in aquatic environments. Selenium 
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appears to cause greater problems in lakes and reservoirs than in flowing waters, perhaps due to a 
greater fraction of selenite versus selenate in lakes and reservoirs.  
 
Methylmercury is the most toxic form of mercury, and it also bioaccumulates more strongly than 
inorganic mercury. Methylmercury is generated from inorganic mercury in the aquatic 
environment through microbial action. Unlike mercury, the most toxic form of arsenic appears to 
be inorganic, with metabolic conversion to organic forms once ingested being a possible 
detoxification mechanism.  
 
It is not clear what the most toxic form of selenium is. In laboratory toxicity tests, selenite is more 
acutely toxic than selenate (EPA 2004), but those tests ignore dietary exposure of fish. Organic 
forms of selenium bio-concentrate more strongly than inorganic forms, but little is known of the 
ambient concentrations of organic forms (Lemly 2002). Selenate may be more of a problem than 
selenite in aquatic environments than selenite simply because selenate is the predominant 
oxidation state, coupled with greater solubility leading to higher bio-availability. 
 
Mercury is chemically and environmentally unique due to its volatility. The natural environmental 
cycle of mercury involves air as well as water, biota, and sediment, with re-emission from soil and 
water causing recycling to the atmosphere that makes source accounting difficult. Mercury also 
has multiple airborne forms – elemental, particulate, reactive gaseous – that govern its transport 
and persistence in the air. Elemental mercury stays in the air long enough to circle the globe, 
entering what is know as the global pool and delivering anthropogenic mercury even to remote 
locations. Because of these traits, much of the mercury released to the air ends up in water and 
ultimately fish. But there is an elaborate chain of transport, wet and dry deposition, re-emission, 
biochemical conversion to methylmercury, and then uptake and bio-magnification in the aquatic 
food chain which makes unraveling the ultimate source of mercury in fish tissue exceedingly 
complex. 

Limitations of the Assessment 
There are several limitations to the 2007 statewide assessment of contaminants in fish from Idaho 
lakes.  
 
First, there is the uncontrolled and largely uncontrollable difference in fish species among lakes 
sampled. Different fish species accumulate mercury differently, and in particular, the higher up the 
food chain a fish feeds, the greater will be its accumulation of mercury, all else being equal. This 
greatly limits comparisons between lakes—it is inappropriate to compare mercury levels in fish 
from two lakes and conclude our results indicate one lake is more contaminated with mercury than 
the other if the species of fish sampled are not the same. Little can be done about this limitation. 
Over time, with larger data sets, it may be possible to use average differences in species mercury 
levels taken from the same water body to establish interspecies correction factors that could be 
used to adjust or normalize results to a standard species for purposes of comparing one lake to 
another. This would allow us to make statements about the relative levels of mercury 
contamination in lakes. This same limitation does not apply to comparisons of human health risks 
that may result from consuming fish. Assuming the fish caught from each lake in this study are 
typical of what an angler would take, then consumption of fish from Salmon Falls Creek Reservoir 
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puts you at the highest risk among lakes sampled, regardless of the differing fish species found in 
other lakes. 
 
Second, there is variation in fish size. This is more controllable than species but is still constrained 
by what is available to be caught. Crews in this study were instructed to collect “catchable size” 
fish and were instructed that it was desirable that the largest fish from a site not be more than 50% 
greater in length than the smallest fish from that site. Even with this restriction average length and 
weight of fish caught varied from lake to lake, especially for kokanee and lake trout (see data in 
Appendix C). Again, this limits comparison of lakes as to degree of mercury contamination, even 
if they have the same species. It does not, however, pose the same limitation to the assessment of 
the human health risk. With individual fish tissue analysis, it would have been possible to develop 
regression relations for fish length versus mercury concentration. With such regressions, it would 
then be possible to adjust results for fish of various lengths to a standard length for comparison. 
 
While providing a direct measure of human health risk from consumption of caught fish, looking 
at fish tissue provides no information on the origin of the mercury. Identifying sources of mercury 
requires much more intensive study than was done here. Even in Salmon Falls Creek Reservoir, 
where DEQ has mounted an intensive study of mercury sources, definitive quantification and 
identification of ultimate sources have remained elusive⎯we have narrowed it down but have not 
“nailed it down.” On the other hand, by virtue of this study we now have a much better picture of 
how widespread the risk to human health in Idaho is due to accumulation of mercury in game fish 
from lakes and reservoirs, whatever the source. 

Comparison to Criteria 
While there are no arsenic fish tissue criteria for direct comparison, back-calculation of an 
equivalent fish tissue criterion from the nationally-recommended water criterion indicates all 89 
fish tissue samples we collected come from waters that would meet the water criterion of 
0.14 ug/L inorganic arsenic applied to waters where exposure is due only to consumption of fish. 
 
Likewise, all 89 tissue samples, with correction to dry weight basis, meet the proposed draft 
selenium fish tissue criterion for protection of aquatic life of 7.91 ug/g. 
 
For mercury, 26 of the 89 fish tissue samples had levels above Idaho’s criterion for protection of 
human health (300 ng/g or 0.3 mg/kg). While there are expected species differences, there is no 
distinct geographic pattern to the samples with concentrations above criteria; they are common 
and widespread (Figure 4). 

Fish Tissue vs. Water Criteria and Protection of Aquatic Life 
When Idaho adopted the methylmercury fish tissue criterion in 2005, it also dropped its existing 
aquatic life criteria for total mercury in water. This was done in part to simplify monitoring, but 
Idaho also believed and asserted to EPA that, based on known bioaccumulation rates and typical 
ratios of methylmercury to total mercury in water, the new fish tissue criterion would be more 
protective of aquatic life than the aquatic life criteria that were dropped. Because of methylation 
and bioaccumulation, meeting the new fish tissue criterion would be tougher, requiring less total 
mercury in our waters than the old chronic aquatic life criterion (CCC) of 12 ng/L total mercury. 
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While Idaho could not claim this would be the case for all waters—it would depend on the 
strength of bioaccumulation and preponderance of methylmercury at a site—we were confident it 
would be true in the vast majority of waters. This assertion was made knowing the methylmercury 
tissue criterion was developed to protect human health, not aquatic life. We now have data on both 
fish and water from four sites that begins to bear out Idaho’s 2005 assertion.  
 
The first set of data is from the Salmon Falls Creek TMDL (Lay 2007). Multiple water samples 
were collected from two locations in Salmon Falls Creek Reservoir from February 2006 through 
September 2006. At Grey’s Landing, a mid-reservoir shallow bay, total mercury in water ranged 
from 0.76 to 4.25 ng/L, with a mean of 2.3 ng/L (n=16). At the maximum depth location (Z-max), 
just above the dam, total mercury in the water ranged from 0.81 to 3.19 ng/L, averaging 1.41 ng/L 
(n=14). Fish were collected in 2005 and 2006 for the TMDL and in 2007 for this study. The only 
species collected in all three years was walleye. Composite fish tissue mercury concentrations 
were 753, 1250, and 1380 ng/g for the three year consecutive years. In 2006, samples of several 
species were obtained, with the lowest mercury concentration found in rainbow trout at 357 ng/g.  
 
The second set of data is for Brownlee Reservoir, from four different sources. Four water samples 
were collected from the Snake River below Brownlee Reservoir in 2006, to measure the total 
mercury load leaving the reservoir (Brandt and Bridges 2007). Total mercury concentration ranged 
from 0.97 to 1.71 ng/L, with an average of 1.33 ng/L. In 2007, Hawk Stone (2008) tested a new 
method of obtaining a water sample representative of the whole reservoir. His method involved 
dividing the reservoir into compartments by depth and length and randomly selecting 12 
compartments to be sampled and composited to produce one sample to characterize reservoir total 
mercury levels. There were seven sampling events from May 15, 2007, to November 20, 2007, 
and each sample was done in triplicate. Total mercury concentrations by sampling event ranged 
from 2.7 to 8.0 ng/L, with an overall mean of 4.8 ± 1.0 ng/L. This is considerably higher than the 
previous year’s result, which may be due to depth of withdrawals from the reservoir; it is still 
much lower than the old CCC. 
 
Fish tissue samples were collected in 2006 (Stone 2006) and 2007 (this study). In 2006, 
smallmouth bass were collected from four locations on Brownlee Reservoir. Their mercury 
concentrations ranged from 467 to 777 ng/g, and the number of fish per composite varied from 
nine to 12. The 2007 lakes sampling obtained a catfish composite sample with 388 ng/g mercury 
and a black crappie composite with 317 ng/g mercury. 
 
The third set of data bearing on the issue of water versus fish tissue mercury levels comes from the 
Portneuf River sampling discussed in Part D of this report. Water samples were obtained from 
three locations, two upstream of Lava Hot Springs—Croney Road and Blaser Highway Bridge—
and one downstream at Ranch Inn in the same reach as the USGS Topaz gage site. Water total 
mercury at both upstream locations was 0.21 ng/L. The downstream sample was analyzed in 
duplicate and averaged 6.80 ng/L. This compares to the fish tissue results presented earlier, which 
were all greater than the 300 ng/g criterion, reaching 1160 ng/g for brown trout collected by the 
USGS in 2006. 
 
The fourth set of data was collected from Jordan Creek for a TMDL (Ingham 2007). Jordan Creek 
flows from Idaho into Oregon. Oregon still has the old mercury CCC of 12 ng/L, which applies to 
Jordan Creek at the state line. Currently, total mercury at the state line is 19.9 ng/L, based on a 
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single sample taken in 2005. Fish tissue could not be obtained at this location due to lack of 
harvestable size game fish. Ingham had, however, collected fish tissue, water, and sediment data at 
several other sites in the watershed and was able to develop a predictive model of fish tissue 
mercury based upon water and sediment chemistry. This model predicts redband trout mercury 
levels of 750 ng/g (lower 95% confidence level (CL) of 610 ng/g, upper 95% CL of 900 ng/g). 
When more than one criterion applies, the more stringent one must be met, and it drives TMDL 
load reductions. Thus, current water mercury levels are 66% greater than they need to be (19.9 / 12 
= 1.66), while estimated fish tissue levels are 200% greater than they need to be (900/300 = 3.00), 
using the upper 95% confidence limit as a conservative estimate. Although both criteria are not 
met in this example, the fish tissue criterion is still the more stringent criterion, driving TMDL 
load reductions at the state line. The estimated fish tissue mercury levels make this evidence less 
convincing, but it still supports DEQ’s assertion that the fish tissue methylmercury criterion will 
be as or more protective of aquatic life than the old CCC. Table 10 summarizes the above data. 
 
Table 10. Comparison of Fish Tissue to Water Mercury Levels 

Fish Tissue Methylmercury Water Total Mercury 

Site 
Year Species Mercury 

(ng/g) 
Year Location Mercury 

(ng/L) 
Salmon Falls Creek 
Reservoir 

2005 
2006 
 
2007 

Walleye 
Walleye 
Rainbow trout 
Walleye 

753 
1250 

357 
1380 

2006 Grey’s 
Landing 
Z-max 

2.30 
 

1.41 

Brownlee Reservoir 2006 
2007 

Smallmouth bass 
Catfish 
Black crappie 

467 – 777
388 
317   

2006 
2007 

Outlet 
Reservoir 
composite 

1.33  
4.8  

Portneuf River            
   Topaz Reach        

2006 
2007 

Brown trout 
Brown trout 
Rainbow trout 

1160 
396 
247 

 
2007 

 
Ranch Inn 

 
6.80 

Portneuf River            
   above Lava Hot  
   Springs 

2007 Cutthroat 
Cutth/rainbow hybrid 

675 
322 

2007 Croney Rd 0.21 

Jordan Creek,    
   at Idaho/Oregon  
   state line 

2005 Redband trout 750 
estimated 

2005 State line 19.9 

 
These data show that fish tissue concentrations can exceed the human health criterion of 300 ng/g 
(0.3 mg/kg) methylmercury when total mercury levels in the water are well below the old 12 ng/L 
CCC, or that greater reductions are needed in mercury tissue concentrations than in water 
concentrations. This supports the Idaho assertion that the fish tissue criterion is more stringent.  

Fish Consumption Advisories 
In Idaho, fish consumption advisories are issued by the Department of Health and Welfare Bureau 
of Environmental and Community Health (BECH) under the Idaho Fish Consumption Advisory 
Program (IFCAP 2008). IFCAP is an interagency group in which DEQ participates. While jointly 
discussed, the ultimate decision to issue a fish consumption advisory rests with BECH staff. Fish 
consumption advisories are water body and species specific and generally advise limiting fish 
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consumption, not avoiding it altogether, as it is recognized that fish are generally an important part 
of a healthy diet.  
 
Idaho’s fish tissue human health criterion for methylmercury is designed to protect the general 
population of adults. BECH when issuing a fish consumption advisory considers pregnant women 
and children to be at a greater risk from consuming fish with too much mercury. In deciding to 
issue a fish consumption advisory, they also consider that children weigh less than adults. 
Therefore, BECH often decides to issue fish advisories with specific instructions for women that 
are pregnant or may become pregnant and for children on the amount and frequency of fish that is 
safe to consume. They also issue advisories for specific fish species, whereas Idaho’s fish tissue 
criterion regulates the consumption weighted average concentration for all species consumed. For 
more information see the Implementation Guidance for the Idaho Mercury Water Quality Criteria 
(DEQ 2005). 
 
This report and data will be shared with IFCAP and may result in many more fish consumption 
advisories being issued in Idaho. For species which are frequently showing high levels of mercury 
in their tissue such as smallmouth bass, largemouth bass, and walleye, issuing a statewide advisory 
may be considered. A statewide advisory would provide a measure of caution to those consuming 
certain species from locations for which we have not yet been able to get data, but would not 
override or replace water body-specific advisories. 

Source and Control of Mercury 
This study provides no direct data on sources of mercury contamination of Idaho waters. However, 
the widespread nature of elevated fish tissue levels of mercury and the locations of apparent hot 
spots does provide some insight. A recent study by Peterson et al. (2007) looked at fish tissue 
mercury data collected throughout the West and tried to correlate tissue concentrations with data 
on known point source discharges of mercury. Finding no correlation, they concluded that 
atmospheric transport is a key factor relative to mercury in fish across the western United States. 
Absent surface water point sources, of which there are few in Idaho, the likely source of mercury 
causing elevated tissue levels is deposition of airborne mercury.  
 
Excess mercury in fish appears to be a widespread problem in Idaho, and air deposition is likely 
the ultimate source of much of the mercury added by human activity for most water bodies, with 
some notable exceptions, e.g., Jordan Creek, where legacy mining is a major source. Air 
deposition of mercury appears to be a regional, if not global, issue (Steding and Flegal 2002). 
Given this, a statewide or regional air deposition TMDL for Idaho would make sense, like those 
developed and approved for Minnesota in March 2007 (MNPCA 2008) and in December 2007 for 
the New England region (NEIWPPC 2008).  
 
In Minnesota, it was determined that 99.5% of the mercury in fish was from air sources. Of the 
airborne mercury, 30% was of natural origin and 70% was human-caused. Of the human-caused 
mercury loading, it was determined that 90% was originating outside Minnesota’s borders. We do 
not have the data to make such estimates for Idaho yet. We might expect a somewhat lower 
proportion from air, given Idaho’s history of placer gold mining and common use of mercury to 
recover fine gold. We should still expect that the predominant source of mercury in Idaho fish is 
from the regional and global air sources. Elevated mercury in fish is truly an interstate, if not 



Statewide Assessment of Arsenic, Mercury, and Selenium in Fish from Lakes 
 

41 

international, issue that crosses media, regulatory programs, and environmental laws—it is going 
to take unprecedented cooperation to correct.  
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Appendix A. Lake Selection 

Idaho 2007 Lake Survey Design 
 
Contact: 
Mary Anne Kosterman 
Surface Water Quality 
Dep't of Environ. Quality 
1410 N. Hilton 
Boise, ID 83706-1255 
phone: (208) 373-0173 
fax: (208) 373-0576 
Email: mnelson@deq.idaho.gov 
 
 
Description of Sample Design 
 
Target Population: The target population consists of 225 lakes within Idaho. 
  
Sample Frame: Mary Anne Kosterman provided the shapefile for the sample frame: lakes_gnis.  
We created centroids for each lake and the shapefile Lake_pts_IDTM_wdd.  
 
Survey Design: A Generalized Random Tessellation Stratified (GRTS) survey design for a 
finite/point resource was used.  The GRTS design includes reverse hierarchical ordering of the 
selected sites. 
 
Stratification:  None 
 
Multi-Density Categories:  Five lake area size categories (acres):  
(50,100], (100,200],(200,500],(500,3000], (3000,100000] 
 
Panels:  None 
 
Sample Size: 10 sites within each lake area category. 
 
Oversample: Over sample size if 10 sites per area category. 
 
Site Use:  These sites are identified by panel name in the variable “Panel”.  If it is necessary for 
a site in any panel to be replaced, then the lowest ordered SiteID that is part of the oversample of 
sites (identified by “OverSamp” in variable “Panel” must be used.  Subsequent replacement sites 
continue to be used in the same way. 
 
Sample Frame Summary 
Number of lakes by lake area category. Area in acres. 
     (50,100]     (100,200]     (200,500]    (500,3000] (3000,100000] 
           85            50            38            28            24  
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Site Selection Summary 
 
                 Number of Sites 
mdcaty          OverSamp Panel_1 Sum 
  (50,100]             9      12  21 
  (100,200]           10       9  19 
  (200,500]            9      14  23 
  (500,3000]          10       6  16 
  (3000,100000]       12       9  21 
  Sum                 50      50 100 
  

Description of Sample Design Output: 
To achieve an expected sample size of sites in the target population, an appropriate sample size 
was selected for the study area.  A Base set of sites and an Oversample of sites are included in 
the output.  The oversample sites should be added, as needed, in numerical SiteID order. 
Oversample sites are identified in the “panel” data column as Oversamp.  Note that sites may be 
used in order beginning at the first SiteID number and continuing until desired sample size is 
reached. 
 
The dbf file that is one of the files associated with the shapefile for sites selected has the 
following variable definitions: 

Variable 
Name 

Description 

SiteID Unique site identification (character) 
x x-coordinate 
y y-coordinate 
mdcaty Multi-density categories used for unequal probability selection 
weight Weight (in projection units), inverse of inclusion probability, to be 

used in statistical analyses 
stratum Strata used in the survey design 
panel Identifies base sample by panel name and Oversample by 

OverSamp 
auxiliary 
variables 

Remaining columns are from the sample frame provided 

 
Projection information 
PROJCS["IDTM83", 
GEOGCS["GCS_North_American_1983", 
DATUM["D_North_American_1983", 
SPHEROID["GRS_1980",6378137.0,298.257222101]], 
PRIMEM["Greenwich",0.0], 
UNIT["Degree",0.0174532925199433]], 
PROJECTION["Transverse_Mercator"], 
PARAMETER["False_Easting",2500000.0], 
PARAMETER["False_Northing",1200000.0], 
PARAMETER["Central_Meridian",-114.0], 
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PARAMETER["Scale_Factor",0.9996], 
PARAMETER["Latitude_Of_Origin",42.0], 
UNIT["Meter",1.0]] 
 
Evaluation Process 
The survey design weights that are given in the design file assume that the survey design is 
implemented as designed.  Typically, users prefer to replace sites that can not be sampled with 
other sites to achieve the sample size planned.  The site replacement process is described above.  
When sites are replaced, the survey design weights are no longer correct and must be adjusted.  
The weight adjustment requires knowing what happened to each site in the base design and the 
oversample sites.  EvalStatus is initially set to “NotEval” to indicate that the site has yet to be 
evaluated for sampling.  When a site is evaluated for sampling, then the EvalStatus for the site 
must be changed.  Recommended codes are: 
 

EvalStatus 
Code 

Name Meaning 

TS Target 
Sampled 

site is a member of the target population and was 
sampled 

LD Landowner 
Denial 

landowner denied access to the site 

PB Physical 
Barrier 

physical barrier prevented access to the site 

NT Non-Target site is not a member of the target population 
NN Not Needed site is a member of the over sample and was not 

evaluated for sampling 
Other 
codes 

 Many times useful to have other codes.  For 
example, rather than use NT, may use specific 
codes indicating why the site was non-target. 

 
Statistical Analysis 
Any statistical analysis of data must incorporate information about the monitoring survey design.  
In particular, when estimates of characteristics for the entire target population are computed, the 
statistical analysis must account for any stratification or unequal probability selection in the 
design.  Procedures for doing this are available from the Aquatic Resource Monitoring web page 
given in the bibliography.  A statistical analysis library of functions is available from the web 
page to do common population estimates in the statistical software environment R.  
 
For further information, contact 
Anthony (Tony) R. Olsen 
USEPA NHEERL 
Western Ecology Division 
200 S.W. 35th Street 
Corvallis, OR 97333 
Voice: (541) 754-4790 
Fax: (541) 754-4716 
email: Olsen.Tony@epa.gov 
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Appendix B. Lakes Actually Sampled 
siteID panel GNIS_NAME ACRES  TYPE COUNTY Lon_dd Lat_dd mdcaty wgt 

IDL07663-002 Panel_1 C J Strike Reservoir 6817  reservoir Owhyee -115.884322 42.948298 (3000,100000] 2.40
IDL07663-003 Panel_1 Shepherd Lake 97  lake Bonner -116.527471 48.185017 (50,100] 8.50
IDL07663-004 Panel_1 Bear Lake 34453  reservoir Bear Lake -111.324110 42.055953 (50,100] 8.50
IDL07663-005 Panel_1 Grasmere Reservoir 88  reservoir Owyhee -115.902288 42.349453 (3000,100000] 2.40
IDL07663-006 Panel_1 Deadwood Reservoir 3015  reservoir Valley -115.663745 44.309192 (200,500] 3.80
IDL07663-007 Panel_1 Elk Creek Reservoir 76  reservoir Clearwater -116.170830 46.772985 (200,500] 3.80

IDL07663-011 Panel_1 
Harrison Slough, Lake Coeur 
d' Alene 27262  lake Kootenai -116.802637 47.547626 (200,500] 3.80

IDL07663-013 Panel_1 Yellow Belly Lake 195  lake Custer -114.875844 44.001141 (50,100] 8.50
IDL07663-015 Panel_1 Oneida Narrows Reservoir 421  reservoir Franklin -111.729050 42.293866 (50,100] 8.50
IDL07663-019 Panel_1 Pend Oreille, Lake 84215  lake Bonner -116.422287 48.155626 (3000,100000] 2
IDL07663-022 Panel_1 Warm Lake 412  lake Valley -115.670227 44.644973 (100,200] 5.00
IDL07663-026 Panel_1 Crane Creek Reservoir 2316  reservoir Washington -116.584860 44.363831 (50,100] 8.50
IDL07663-027 Panel_1 Cave Lake 988  lake Kootenai -116.601937 47.466486 (50,100] 8.50
IDL07663-029 Panel_1 Toxaway Lake 124  lake Custer -114.969652 43.961103 (3000,100000] 2.40
IDL07663-034 Panel_1 Brownlee Reservoir 14275  reservoir Washington -117.082808 44.569584 (100,200] 5.00
IDL07663-035 Panel_1 McArthur Lake 336  reservoir Boundary -116.452331 48.513392 (3000,100000] 2.40
IDL07663-039 Panel_1 Hayden Lake 3800  lake Kootenai -116.709647 47.769786 (100,200] 5.00
IDL07663-041 Panel_1 Anderson Ranch Reservoir 4606  reservoir Elmore -115.349259 43.414642 (100,200] 5.00
IDL07663-043 Panel_1 Black Lake 377  reservoir Kootenai -116.662018 47.447633 (500,3000] 2.80
IDL07663-045 Panel_1 Lake Lowell 6059  reservoir Canyon -116.677719 43.557467 (50,100] 8.50
IDL07663-046 Panel_1 Hauser Lake 539  lake Kootenai -117.020397 47.778697 (200,500] 3.80
IDL07663-047 Panel_1 Stone Reservoir 124  reservoir Oneida -112.691171 42.080204 (50,100] 8.50
IDL07663-050 Panel_1 Mann Creek Reservoir 269  reservoir Washington -116.903530 44.398648 (200,500] 3.80
IDL07663-051 OverSamp Perkins Lake 53  lake Boundary -116.093172 48.757626 (500,3000] 2.80
IDL07663-052 OverSamp Narrows, The, Blackfoot Res 17458  lake Caribou -111.609007 42.914772 (500,3000] 2.80
IDL07663-055 OverSamp Killarney Lake 499  lake Kootenai -116.565014 47.519214 (100,200] 5.00
IDL07663-057 OverSamp Hell Roaring Lake 60  lake Custer -114.935491 44.024258 (3000,100000] 2.40
IDL07663-059 OverSamp Weston Creek Reservoir 111  reservoir Oneida -112.124129 42.122627 (50,100] 8.50
IDL07663-060 OverSamp Mud Lake 3094  reservoir Jefferson -112.399814 43.887000 (3000,100000] 2.40
IDL07663-062 OverSamp Gamlin Lake / Gamble Lake 103  lake Bonner -116.386943 48.223587 (200,500] 3.80
IDL07663-064 OverSamp Bishop Lake, Island Park Res 7559  reservoir Fremont -111.505470 44.406207 (100,200] 5.00
IDL07663-065 OverSamp Alturas Lake 825  lake Blaine -114.861010 43.913708 (200,500] 3.80
IDL07663-067 OverSamp Foster Reservoir 129  reservoir Franklin -111.836818 42.127013 (500,3000] 2.80
IDL07663-068 OverSamp Ashton Reservoir 356  reservoir Fremont -111.482821 44.099550 (50,100] 8.50
IDL07663-069 OverSamp Salmon Falls Creek Res. 2649  reservoir Twin Falls -114.747031 42.128823 (3000,100000] 2.40
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siteID panel GNIS_NAME ACRES  TYPE COUNTY Lon_dd Lat_dd mdcaty wgt 
IDL07663-070 OverSamp Payette Lake 4987  lake Valley -116.086150 44.946410 (500,3000] 2.80
IDL07663-071 OverSamp Twin Lakes 915  reservoir Kootenai -116.894271 47.884002 (3000,100000] 2.40
IDL07663-072 OverSamp Lake Walcott 8384  reservoir Cassia -113.394776 42.669404 (500,3000] 2.80
IDL07663-073 OverSamp Sawtooth Lake 170  lake Custer -115.064370 44.173129 (50,100] 8.50
IDL07663-074 OverSamp Hells Canyon Reservoir 2510  reservoir Adams -116.763455 45.110935 (100,200] 5.00
IDL07663-075 OverSamp Chatcolet Lake 3504  lake Benewah -116.736907 47.365409 (200,500] 3.80
IDL07663-077 OverSamp Arrowrock Reservoir 5761  reservoir Boise -115.916036 43.582973 (3000,100000] 2.40

IDL07663-079 OverSamp 
Lower Goose Creek Res. aka 
Oakley Res  1006  reservoir Cassia -113.934208 42.168597 (3000,100000] 2.40

IDL07663-082 OverSamp Cascade Reservoir 19561  reservoir Valley -116.098527 44.584242 (500,3000] 2.80
IDL07663-084 OverSamp Chesterfield Reservoir 1246  reservoir Caribou -111.967281 42.897554 (200,500] 3.80
IDL07663-086 OverSamp Little Payette Lake 1439  reservoir Valley -116.035267 44.916041 (50,100] 8.50
IDL07663-093 OverSamp Shoofly Reservoir 88  reservoir Owyhee -116.311710 42.265253 (500,3000] 2.80
IDL07663-095 OverSamp Priest Lake 23341  reservoir Bonner -116.865052 48.588262 (50,100] 8.50
IDL07663-096 OverSamp American Falls Reservoir 55489  reservoir Power -112.733311 42.932392 (50,100] 8.50
IDL07663-100 OverSamp Henrys Lake 6078  reservoir Fremont -111.403991 44.641720 (100,200] 5.00

 
Note: Water bodies shown in bold had an average concentration of mercury in fish above the HH methylmercury criterion of 300ng/kg 
wet weight tissue.
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Appendix C. Summary of Fish Lengths and Weights 

Site_ID 

Fish 
Species 
Code1 n 

Avg 
Length 

cm 

St 
Dev2 

Length 
RSD3 

Length 

Avg 
Weight 

g 
St Dev 
Weight 

RSD 
Weight 

IDL07663-004 BCT 10 42 9.9 23% 812 478 59% 
         
IDL07663-007 BLC 10 18 0.8 4% 86 14 17% 
IDL07663-027 BLC 10 26 1.8 7% 258 48 19% 
IDL07663-034 BLC 10 25 2.9 12% 227 94 42% 
IDL07663-039 BLC 10 25 1.7 7% 288 75 26% 
IDL07663-046 BLC 10 22 1.3 6% 154 26 17% 
IDL07663-051 BLC 10 25 1.5 6% 288 59 20% 
IDL07663-062 BLC 10 27 2.7 10% 323 91 28% 
IDL07663-071 BLC 10 23 9.8 4% 180 23 13% 
         
IDL07663-060 BRB 10 26 1.2 5% 286 34 12% 
         
IDL07663-013 BRK 8 29 8.9 31% 300 216 72% 
IDL07663-029a BRK 10 32 15.5 49% 554 849 153% 
IDL07663-029b BRK 10 24 3.3 14% 159 67 42% 
IDL07663-057a BRK 10 23 1.4 6% 102 13 12% 
IDL07663-057b BRK 10 22 1.1 5% 96 11 12% 
IDL07663-073 BRK 10 25 7.7 31% 206 167 81% 
         
IDL07663-057 BUL 1 24   117   
IDL07663-065 BUL 6 39 6.7 17% 572 467 82% 
         
IDL07663-004 BWT 10 27 10.0 37% 293 339 116% 
         
IDL07663-074 CRP 10 55 3.2 6% 2320 670 29% 
         
IDL07663-074 CAT 10 38 7.7 20% 476 345 73% 
IDL07663-026 CAT 10 33 8.7 27% 335 312 93% 
IDL07663-034 CAT 10 50 2.8 6% 1272 271 21% 
IDL07663-045 CAT 10 48 9.1 19% 1064 562 53% 
         
IDL07663-006 KOK 10 25 1.3 5% 131 23 18% 
IDL07663-022 KOK 10 25 1.9 8% 121 23 19% 
IDL07663-041 KOK 10 28 1.6 6% 193 30 16% 
IDL07663-065 KOK 4 24 1.0 4% 99 9 9% 
IDL07663-070 KOK 10 35 1.8 5% 402 71 18% 
IDL07663-077 KOK 10 39 1.0 3% 584 67 12% 
IDL07663-086a KOK 10 20 1.0 5% 55 9 17% 
IDL07663-086b KOK 10 19 1.1 6% 55 10 19% 
IDL07663-086c KOK 10 19 1.2 6% 53 12 22% 
         
IDL07663-004 LKT 2 47 1.0 2% 898 45 5% 
IDL07663-019 LKT 10 88 3.4 4% 6634 1153 17% 
IDL07663-070 LKT 10 73 12.2 17% 3673 1829 50% 
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Site_ID 

Fish 
Species 
Code1 n 

Avg 
Length 

cm 

St 
Dev2 

Length 
RSD3 

Length 

Avg 
Weight 

g 
St Dev 
Weight 

RSD 
Weight 

IDL07663-095 LKT 10 54 9.3 17% 1394 634 45% 
         
IDL07663-005 LCT 10 30 5.5 18% 239 129 54% 
IDL07663-093 LCT 10 35 2.9 8% 351 89 25% 
         
IDL07663-003 LMB 10 39 8.5 22% 1020 663 65% 
IDL07663-007 LMB 10 26 5.6 22% 273 197 72% 
IDL07663-011 LMB 10 38 5.7 15% 852 501 59% 
IDL07663-019 LMB 10 41 4.2 10% 1129 380 34% 
IDL07663-026 LMB 10 36 4.9 14% 818 428 52% 
IDL07663-027 LMB 10 41 5.3 13% 1093 479 44% 
IDL07663-035 LMB 10 39 5.3 14% 1087 413 38% 
IDL07663-039 LMB 10 40 4.2 11% 1041 307 29% 
IDL07663-043 LMB 10 42 10.3 25% 1644 1056 64% 
IDL07663-045 LMB 10 35 2.9 8% 572 160 28% 
IDL07663-046 LMB 10 37 3.7 10% 809 263 33% 
IDL07663-047 LMB 10 39 4.4 11% 1135 599 53% 
IDL07663-051 LMB 10 35 6.8 20% 722 534 74% 
IDL07663-055 LMB 10 45 7.3 16% 1763 1006 57% 
IDL07663-059 LMB 10 33 1.1 3% 601 80 13% 
IDL07663-062 LMB 10 34 2.7 8% 527 142 27% 
IDL07663-067 LMB 10 32 6.3 19% 493 377 76% 
IDL07663-071 LMB 10 38 48.9 13% 850 332 39% 
IDL07663-075 LMB 10 38 3.7 10% 983 345 35% 
         
IDL07663-013 LSS 10 43 2.8 6% 810 166 20% 
IDL07663-065 LSS 10 38 4.5 12% 525 158 30% 
         
IDL07663-064 MWF 10 29 7.6 27% 278 272 98% 
IDL07663-068 MWF 10 34 3.1 9% 343 87 25% 
         
IDL07663-013 RBT 3 42 9.2 22% 720 374 52% 
IDL07663-015 RBT 9 34 2.3 7% 445 92 21% 
IDL07663-022 RBT 10 27 1.4 5% 164 34 21% 
IDL07663-050 RBT 10 34 8.6 25% 463 281 61% 
IDL07663-052 RBT 10 38 5.7 15% 679 250 37% 
IDL07663-057 RBT 1 32   295   
IDL07663-059 RBT 10 39 5.9 15% 691 409 59% 
IDL07663-064 RBT 10 35 10.9 32% 590 597 101% 
IDL07663-068 RBT 10 31 7.4 24% 335 210 63% 
IDL07663-082 RBT 10 34 7.5 22% 441 278 63% 
IDL07663-084 RBT 8 33 6.1 18% 455 273 60% 
         
IDL07663-002 SMB 10 30 2.8 9% 351 104 30% 
IDL07663-011 SMB 10 35 3.3 9% 591 195 33% 
IDL07663-041 SMB 10 28 3.1 11% 287 135 47% 
IDL07663-043 SMB 10 31 5.3 17% 553 304 55% 
IDL07663-069 SMB 10 33 2.5 7% 585 130 22% 
IDL07663-072 SMB 10 36 3.4 10% 825 271 33% 
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Site_ID 

Fish 
Species 
Code1 n 

Avg 
Length 

cm 

St 
Dev2 

Length 
RSD3 

Length 

Avg 
Weight 

g 
St Dev 
Weight 

RSD 
Weight 

IDL07663-074 SMB 10 26 2.7 11% 207 49 24% 
         
IDL07663-073 SUN 8 19 4.3 22% 50 33 65% 
         
IDL07663-015 WAL 10 37 2.4 7% 455 102 22% 
IDL07663-069 WAL 10 48 11.1 23% 1313 1061 81% 
IDL07663-079 WAL 10 35 5.9 17% 411 219 53% 
         
IDL07663-013 WCT 4 36 9.3 26% 480 307 64% 
IDL07663-100 WCT 10 48 4.5 9% 1341 339 25% 
         
IDL07663-002 YLP 10 25 2.4 10% 196 48 25% 
IDL07663-059 YLP 10 29 1.1 4% 377 50 13% 
IDL07663-060 YLP 10 23 3.0 13% 173 65 37% 
IDL07663-079 YLP 10 21 1.3 6% 141 34 24% 
IDL07663-082 YLP 10 29 1.2 4% 334 43 13% 

1. Fish Species codes are identified in the code sheet table below 
2. St. Dev. – standard deviation 
3. RSD -- relative standard deviation 

 
Species Code Sheet 
Species 
Code Common name Scientific name 
BCT Bonneville cutthroat trout Oncorhynchus clarkii utah 
BLC Black crappie Pomoxis nigromaculatus 
BRB Brown bullhead Ameiurus natalis 
BRK Brook trout Salvelinus fontinalis 
BUL Bull Trout Salvelinus confluentus 
BWT Bonneville whitefish Prosopium spilonotus 
CAT Channel catfish Ictalurus punctatus 
CRA Crappie Pomoxis sp. 
CRP Common carp Cyprinus carpio 
KOK Kokanee Oncorhynchus nerka 
LCT Lahontan cutthtroat trout Oncorhynchus clarkii henshawi 
LKT Lake trout Salvelinus namaycush 
LMB Largemouth bass Micropterus salmoides 
LSS Largescale sucker Catostomus macrocheilus 
MWF Mountain whitefish Prosopium williamsoni 
RBT Rainbow trout Oncorhynchus mykiss 
SMB Smallmouth bass Micropterus dolomieu 
SUN Sunapee trout Salvelinus alpinus oquassa  
WAL Walleye Sander vitreus 
WCT Westslope cutthroat trout Oncorhynchus clarkii lewisi 
YLP Yellow perch Perca flavescens 
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Appendix D. Analytical Results 
Fish Tissue Results by Species 

Site # Site Name 
Species 
Code # of fish 

Date      
Sampled 

As (Inorg) 
mg/Kg   

As (tot) 
mg/Kg 

Hg ng/g 
(ug/Kg)   

Se     
mg/Kg %Solids 

                      
004 Bear Lake BCT 10 8/7/07 <0.003   <0.11 70   0.79 25.29 

                        
007 Elk Creek Res BLC 10 7/26/07 <0.003   <0.11 78 ~ 0.11 19.86 
027 Cave Lake BLC 10 5/23/07 <0.003   <0.11 43 ~ 0.13 18.62 
039 Hayden Lake BLC 10 5/14/07 <0.003   0.30 121   0.23 20.19 
046 Hauser Lake BLC 10 5/17/07 <0.003   <0.11 82 ~ 0.12 18.24 
051 Perkins Lake BLC 10 5/30/07 <0.003   <0.11 64 ~ 0.10 20.38 
062 Gambel Lake BLC 10 5/16/07 <0.003   <0.11 112 ~ 0.13 20.35 
071 Twin Lakes BLC 10 6/1/07 <0.003   <0.11 145 ~ 0.13 18.78 
034 Brownlee Res. BLC 10 6/12/07 <0.003 ~ 0.20 317   0.31 19.91 

                        
060 Mud Lake BRB 10   <0.003   <0.11 65 ~ 0.09 16.01 

                        
013 Yellow Belly Lake BRK 8 6/13/07 <0.003   <0.11 162   0.34 22.98 
029 Toxaway BRK 10 6/27/07 <0.003   <0.11 80   0.38 23.29 
057 Hellroaring Lake BRK 10 6/28/07 <0.003   <0.11 99   0.23 20.66 
073 Sawtooth lake BRK 10 6/27/07 <0.003   <0.11 26   0.22 18.95 

                        
057 Hellroaring Lake BUL 1 6/28/07 <0.003   <0.11 117   0.40 19.40 
065 Alturas Lake BUL 6 6/12/07 <0.003   0.35 163   0.37 24.99 

                        
004 Bear Lake BWT 10 8/7/07 <0.003   <0.11 45   1.01 23.30 

                        
026 Crane Creek Reservoir CAT 10 6/6/07 <0.003   <0.11 79 ~ 0.11 18.67 
034 Brownlee Res. CAT 10 6/12/07 <0.003   <0.11 388   0.19 23.48 
045 Lake Lowell CAT 10 6/8/07 <0.003   <0.11 202 ~ 0.13 18.51 
074 Hells Canyon Reservoir CAT 10 8/11/07 <0.002   <0.11 556   0.16 19.49 

                        
074 Hells Canyon Reservoir CRP 10 8/11/07 <0.002 ~ 0.20 561   0.49 26.14 

                        
006 Deadwood Res KOK 10 8/25/07 <0.002   <0.11 164 ~ 0.12 21.62 
022 Warm Lake KOK 10 8/1/07 <0.003   <0.11 180 ~ 0.12 25.26 
041 Anderson Ranch Res. KOK 10 8/14/07 <0.002   <0.11 176 ~ 0.13 27.54 
065 Alturas Lake KOK 4 6/12/07 <0.003 ~ 0.12 76   0.33 25.51 
070 Payette Lake KOK 10 8/17/07 <0.002   <0.11 89   0.14 20.89 
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Site # Site Name 
Species 
Code # of fish 

Date      
Sampled 

As (Inorg) 
mg/Kg   

As (tot) 
mg/Kg 

Hg ng/g 
(ug/Kg)   

Se     
mg/Kg %Solids 

077 Arrowrock Reservoir KOK 10 8/16/07 <0.002   <0.11 173 ~ 0.10 21.93 
086 Little Payette Lake KOK 1-10 9/26/07 <0.002   <0.11 138   0.14 21.26 

                        
005 Grasmere Reservoir LCT 10 6/4/07 <0.003   <0.11 319   0.34 22.51 
093 Shoofly Reservoir LCT 10 10/04/07 <0.002   <0.11 502   0.15 23.12 

                        
004 Bear Lake LKT 2 8/7/07 <0.003   <0.11 74   0.85 23.00 
019 Pend Oreille LKT 10 6/4/07 <0.003 ~ 0.20 723   0.33 29.74 
070 Payette Lake LKT 10 8/17/07 <0.002   <0.11 449 ~ 0.11 24.94 
095 Priest Lake LKT 10 9/24/07 <0.002   <0.11 255   0.19 24.01 

                        
003 Shepherd Lake LMB 10 5/31/07 ~0.004   <0.11 586   <0.04 18.68 
007 Elk Creek Res LMB 10 7/26/07 <0.003   <0.11 185 ~ 0.13 22.76 
011 Harrison Slough LMB 10 6/5/07 <0.003   <0.11 275   0.13 20.92 
019 Pend Oreille LMB 10 6/4/07 <0.003   <0.11 521   0.19 20.35 
026 Crane Creek Reservoir LMB 10 6/6/07 <0.003   <0.11 144   0.16 20.98 
027 Cave Lake LMB 10 5/23/07 <0.003   <0.11 185   0.18 20.12 
035 McArthur Lake LMB 10 5/30/07 <0.003   <0.11 619 ~ 0.05 20.52 
039 Hayden Lake LMB 10 5/14/07 <0.003   <0.12 288 ~ 0.10 20.91 
043 Black Lake LMB 10 5/29/07 <0.003   <0.11 257 ~ 0.12 20.85 
045 Lake Lowell LMB 10 6/8/07 <0.003   <0.11 382   0.37 18.09 
046 Hauser Lake LMB 10 5/17/07 <0.003   <0.11 336 ~ 0.08 19.77 
047 Stone Reservoir LMB 10 7/16/07 <0.003   <0.11 234   0.93 20.67 
051 Perkins Lake LMB 10 5/30/07 <0.003   <0.11 206 ~ 0.10 19.83 
055 Killarney Lake LMB 10 5/29/07 <0.003   <0.11 433 ~ 0.12 20.37 
059 Weston Res. LMB 10 6/28/07 <0.003   <0.11 577   0.32 21.84 
062 Gambel Lake LMB 10 5/16/07 <0.003   <0.11 238 ~ 0.09 19.42 
067 Foster Reservoir LMB 10 7/11/07 <0.003   <0.11 389   0.15 19.87 
071 Twin Lakes LMB 10 6/1/07 <0.003   <0.11 321 ~ 0.07 19.99 
075 Chatcolet Lake LMB 10 5/15/07 <0.003   <0.11 208 ~ 0.12 20.71 

                        
013 Yellowbelly Lake LSS 10 6/13/07 <0.003   <0.11 116   0.23 19.89 
065 Alturas Lake LSS 10 6/12/07 ~0.005 ~ 0.13 116   0.30 21.04 

                        
064 Island Park Reservoir MWF 10 7/17/07 <0.003   <0.11 33   0.26 22.95 
068 Ashton Reservoir MWF 10 7/16/07 <0.003   <0.11 51   0.29 26.34 

                        
013 Yellow Belly Lake RBT 3 6/13/07 <0.003   <0.11 103   0.26 25.75 
015 Oneida Narrows Res. RBT 9 7/03/07 <0.003 ~ 0.12 52   0.33 21.82 
022 Warm Lake RBT 10 7/27/07 <0.003   0.34 45   0.26 21.29 
050 Mann Cr. Res. RBT 10 6/14/07 <0.003   <0.11 209   0.21 22.12 
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Site # Site Name 
Species 
Code # of fish 

Date      
Sampled 

As (Inorg) 
mg/Kg   

As (tot) 
mg/Kg 

Hg ng/g 
(ug/Kg)   

Se     
mg/Kg %Solids 

052 Blackfoot Reservoir  RBT 10 7/10/07 <0.003   <0.11 27   0.71 23.61 
057 Hell Roaring Lake RBT 1 6/28/07 <0.003   <0.11 100   0.23 22.17 
059 Weston Res. RBT 10 6/28/07 <0.003   <0.11 132   0.21 22.99 
064 Island Park Reservoir RBT 10 7/17/07 <0.003   <0.11 75   0.25 24.02 
068 Ashton Reservoir RBT 10 7/16/07 <0.003   <0.11 58   0.23 23.14 
082 Cascade Reservoir RBT 10 7/27/07 <0.003   <0.11 64 ~ 0.06 24.87 
084 Chesterfield Reservoir RBT 8 8/1/07 <0.003   <0.11 227   0.18 24.36 
096 American Falls Res. RBT 8 7/27/07 <0.003   <0.11 127   0.27 26.44 

                        
002 CJ Strike SMB 10 5/24-25/07 <0.003 ~ 0.12 415   0.33 20.52 
011 Harrison Slough SMB 10 6/5/07 <0.003   <0.11 351   0.15 20.79 
041 Anderson Ranch Res. SMB 10 7/9/07 <0.003   <0.11 495 ~ 0.12 20.54 
043 Black Lake SMB 10 5/29/07 <0.003   <0.11 137   0.15 22.44 
069 Salmon Falls Creek Res. SMB 10 8/7/07 <0.003   <0.11 1229   0.44 23.06 
072 Lake Walcott SMB 10 7/13/07 <0.003   <0.11 241   0.44 24.38 
074 Hells Canyon Reservoir SMB 10 8/11/07 <0.002 ~ 0.27 471   0.27 21.82 
096 American Falls Res. SMB 10 7/27/07 <0.003   <0.11 467   0.51 23.74 

                        
073 Sawtooth lake SUN 8 6/27/07 <0.003   <0.11 20   0.43 20.28 

                        
015 Oneida Narrows Res. WAL 10 7/03/07 <0.003   <0.11 167   0.51 20.68 
069 Salmon Falls Creek Res. WAL 10 9/7/07 <0.002   <0.11 1380   0.48 22.45 
079 Oakley Reservoir WAL 10 8/23/07 <0.002   <0.11 564   0.53 21.26 

                        
013 Yellow Belly Lake WCT 4 6/27/07 <0.003   <0.11 109   0.30 21.44 
100 Henry's Lake WCT 10   <0.002   <0.11 78   0.18 25.93 

                        
002 CJ Strike YLP 10 5/24-25/07 <0.003   <0.11 217   0.42 20.02 
059 Weston Res. YLP 10 6/28/07 <0.003   <0.11 339   0.33 21.76 
060 Mud Lake YLP 10   <0.003   <0.11 213   0.28 20.34 
079 Oakley Reservoir YLP 10 8/23/07 <0.002   <0.11 245   0.53 22.30 
082 Cascade Reservoir YLP 10 8/3/07 <0.003   <0.11 192 ~ 0.05 20.34 

                        
  Samples above HG HH criterion             300 ng/Kg       
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Field QC Results 

Site # Sample Name 
Sp 
Code 

Date 
Sent to 
Lab 

QA/QC 
sample type 

Date 
Recvd   

As 
(Inorg) 
mg/Kg RPD    

As (tot) 
mg/Kg RPD   

Hg 
ng/g 
(ug/Kg) RPD  

Se     
mg/Kg RPD  

Batch 1                                   
  Water   5/23/07 Blank 6/22/07 ~ 0.014 ug/l   < 0.06 ug/l     21.7 ng/l   < 0.02 ug/l   
  Process   5/23/07 Blank 6/22/07   0.027 µg/l    < 0.06 µg/l     34.0 ng/l   < 0.02 µg/l   
  Rinseate   5/23/07 Blank 6/22/07 ~ 0.013 µg/l     0.31µg/l      147 ng/l     0.41µg/l   
                                    

046 Hauser Lake LMB 5/23/07 comp 6/22/07 < 0.003   < 0.11     336   ~ 0.08   
046 Hauser Lake LMB 5/23/07 Duplicate 6/22/07 < 0.003 na < 0.11 na   408 19% ~ 0.09 12% 

                                    
Batch 2                                   

  Water   6/19/07 Blank 7/18/07   <0.01 ug/l   < 0.06 ug/l     2.3 ng/l   < 0.02 µg/l   
  Process   6/19/07 Blank 7/18/07 < 0.003   < 0.11   < 0.04   < 0.04   
  Rinseate, dipped   6/19/07 Blank 7/18/07 < 0.003   < 0.11   < 0.04   < 0.04   
  Rinseate, rinsed   6/19/07 Blank 7/18/07 < 0.003   < 0.11   < 0.04   < 0.04   
                                    

019 Pend Oreille LKT 6/19/07 comp 7/18/07 < 0.003   ~ 0.20     723     0.33   
019 Pend Oreille LKT 6/19/07 Duplicate 7/18/07 < 0.003 na ~ 0.12 50%   677 7%   0.26 24% 

                                    
035 McArthur Lake LMB 6/19/07 comp 7/18/07 < 0.003   < 0.11     619   ~ 0.05   
035 McArthur Lake LMB 6/19/07 Duplicate 7/18/07 < 0.003 na < 0.11 na   682 10% < 0.04 na 

                                    
Batch 3                                   

  Water   7/5/07 Blank 8/3/07   <0.01 ug/l   < 0.07 ug/l   ~ 0.2 ng/l   < 0.02  µg/   
  Process   7/5/07 Blank 8/3/07 < 0.003   < 0.11   < 0.04   < 0.04   
  Rinseate   7/5/07 Blank 8/3/07 < 0.003   < 0.11     0.32   < 0.04   
                                    

045 Lake Lowell CAT 7/5/07 comp 8/3/07 < 0.003   < 0.11     202   ~ 0.13   
045 Lake Lowell CAT 7/5/07 Duplicate 8/3/07 < 0.003 na < 0.11 na   217 7%   0.15 14% 

                                    
Batch 4                                   

  Process   8/2/07 Blank 9/4/07 < 0.003   < 0.11   < 0.04   < 0.04   
  Rinseate   8/2/07 Blank 9/4/07 < 0.003   < 0.11   ~ 0.080   < 0.04   
                                    

059 Weston Res. RBT 8/2/07 comp 9/4/07 < 0.003   < 0.11     132     0.21   
059 Weston Res. RBT 8/2/07 Duplicate 9/4/07 < 0.003 na < 0.11 na   140 6%   0.21 0% 

                                    
Batch 5                                   

  Process 1   8/8/07 Blank 9/12/07 < 0.003   < 0.11   < 0.04   < 0.04   
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Site # Sample Name 
Sp 
Code 

Date 
Sent to 
Lab 

QA/QC 
sample type 

Date 
Recvd   

As 
(Inorg) 
mg/Kg RPD    

As (tot) 
mg/Kg RPD   

Hg 
ng/g 
(ug/Kg) RPD  

Se     
mg/Kg RPD  

  Rinseate 1   8/8/07 Blank 9/12/07 < 0.003   < 0.11   < 0.04   < 0.04   
  Process 2   8/8/07 Blank 9/12/07 < 0.003   < 0.11   < 0.04   < 0.04   
  Rinseate 2   8/8/07 Blank 9/12/07 < 0.003   < 0.11   < 0.04   < 0.04   
                                    

029 Toxaway BRK 8/8/07 comp,1-10 9/12/07 < 0.003   < 0.11     80.3     0.38   
029 Toxaway BRK 8/8/07 Field Duplicate 9/12/07 < 0.003 na < 0.11 na   53.3 40%   0.39 3% 

                                    
057 Hell Roaring Lake BRK 8/8/07 comp,1-10 9/12/07 < 0.003   < 0.11     99.0     0.23   
057 Hell Roaring Lake BRK 8/8/07 Field Duplicate 9/12/07 < 0.003 na < 0.11 na   90.3 9%   0.22 4% 

                                    
Batch 6                                   

  Process   8/16/07 Blank 9/18/07 < 0.003   < 0.11   < 0.04   < 0.04   
  Rinseate   8/16/07 Blank 9/18/07 < 0.003   < 0.11   ~ 0.05   < 0.04   
                                    

072 Lake Walcott SMB 8/16/07 comp 9/18/07 < 0.003   < 0.11     241     0.44   
072 Lake Walcott SMB 8/16/07 Duplicate 9/18/07 < 0.003 na < 0.11 na   242 0%   0.43 2% 

                                    
Batch 7                                   

  Process   8/23/07 Blank 9/26/07 < 0.003   < 0.11   ~ 0.07   < 0.04   
  Rinseate   8/23/07 Blank 9/26/07 < 0.003 na < 0.11   ~ 0.09   < 0.04   
                                    

013 Yellow Belly Lake BRK 8/23/07 comp 9/26/07 < 0.003   < 0.11     162     0.34   
013 Yellow Belly Lake BRK 8/23/07 Duplicate 9/26/07 < 0.003 na < 0.11 na   162 0%   0.36 6% 

                                    
Batch 8                                   

  Process   9/5/07 Blank 10/8/07 < 0.003   < 0.11   < 1.3   < 0.04   
  Rinseate   9/5/07 Blank 10/8/07 < 0.003 na < 0.11   < 1.3   < 0.04   
                                    

007 Elk Creek Res LMB 9/5/07 comp 10/8/07 < 0.003   < 0.11     185   ~ 0.13   
007 Elk Creek Res LMB 9/5/07 Duplicate 10/8/07 < 0.003 na < 0.11 na   206 11%   0.12 8% 

                                    
Batch 9                                   

  Process   10/11/07 Blank 11/15/07 < 0.002   < 0.11   < 0.04   < 0.04   
  Rinseate   10/11/07 Blank 11/15/07 < 0.002   < 0.11   ~ 0.06   < 0.04   
                                    

077 Arrowrock Res. KOK 10/10/07 comp 11/15/07 < 0.002   < 0.11     173   ~ 0.10   
077 Arrowrock Res. KOK 10/10/07 Duplicate 11/15/07 < 0.002 na < 0.11 na   178 3% ~ 0.13 26% 

                                    
Batch 10                                   
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Site # Sample Name 
Sp 
Code 

Date 
Sent to 
Lab 

QA/QC 
sample type 

Date 
Recvd   

As 
(Inorg) 
mg/Kg RPD    

As (tot) 
mg/Kg RPD   

Hg 
ng/g 
(ug/Kg) RPD  

Se     
mg/Kg RPD  

  Process   10/24/07 Blank 11/30/07 < 0.002   < 0.11   < 0.65   < 0.04   
  Rinseate   10/24/07 Blank 11/30/07 < 0.002   < 0.11   < 0.66   < 0.04   
                                    

086 Little Payette Lake KOK 10/24/07 comp 11/30/07 < 0.002   < 0.11     138     0.14   
086 Little Payette Lake KOK 10/24/07 Field Duplicate 11/30/07 < 0.002 na < 0.11 na   144 4% ~ 0.13 7% 

                                    
100 Henry's Lake WCT 10/24/07 comp 11/30/07 < 0.002   < 0.11     78     0.18   
100 Henry's Lake WCT 10/24/07 Duplicate 11/30/07 < 0.002 na < 0.11 na   81 4%   0.14 25% 

                                    
 QC sample Summary  Rinseate Blanks             
     Min  <0.002   <0.11   <0.04   <0.04  
     Max  <0.003   <0.11   <1.3   <0.04  
     n  12   12   12   12  
                  
    Process Blanks             
     Min  <0.002   <0.11   <0.04   <0.04  
     Max  <0.003   <0.11   <1.3   <0.04  
     n  11   11   11   11  
                  
    Duplicates              
     Min  na   na    0%   0% 
     Max  na   na    40%   25% 
     n         13   12 
     Mean  na   na    9%   11% 
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Laboratory QC Results 

Batch # 

Lab 
Report 
Number 

Date 
Sent to 
Lab 

QA/QC 
sample type 

Date 
Recvd Rec 

Hg       
ng/g RPD  Rec 

As (In) 
mg/kg RPD Rec 

As 
(tot)  
mg/kg RPD Rec 

Se      
mg/kg RPD  

Batch 1 07BR0735 5/23/07 Method Blank 6/29/07   0.05     0.002     -0.01     0.00   
                                  
      CRM    DORM-2   107%     97%     101%     140%     
      CRM    DOLT-3   112%     96%     94%     112%     
                                  
      Matrix Spike   111%     79%     104%   5% 102%   6% 
      Duplicate   102%   6% 80%   1% 101%     98%     
      Matrix Spike   102%                       
      Duplicate   106%   3%                   
                                  
      Method Dup       3%                   
      Method Dup       13%                   
                                  

Batch 2 07BR0876 6/19/07 Method Blank 7/18/07   0.05     0.001     0.00     0.01   
                                  
      CRM    DORM-2   108%     99%     110%     131%     
      CRM    DOLT-3         92%     101%     114%     
                                  
      Matrix Spike   119%     89%     102%     99%     
      Duplicate   111%   20% 81%   8% 102%   3% 102%   0% 
      Matrix Spike   123%     84%     118%     123%     
      Duplicate   95%   11% 78%   7% 128%   7% 133%   6% 
                                  
      Method Dup       0%                   
      Method Dup       12%                   
                                  

Batch 3 07BR0948 7/05/07 Method Blank 8/03/07   0.07     0.001     -0.02     0.02   
                                  
      CRM    DORM-2   107%     113%     98%     120%     
      CRM    DOLT-3         109%     88%     105%     
                                  
      Matrix Spike   113%     71%     99%     109%     
      Duplicate   118%   8% 71%   2% 90%   9% 92%   13% 
      Matrix Spike   121%                       
      Duplicate   117%   10%                   
                                  
      Method Dup       3%                   
      Method Dup       4%                   
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Batch # 

Lab 
Report 
Number 

Date 
Sent to 
Lab 

QA/QC 
sample type 

Date 
Recvd Rec 

Hg       
ng/g RPD  Rec 

As (In) 
mg/kg RPD Rec 

As 
(tot)  
mg/kg RPD Rec 

Se      
mg/kg RPD  

                                  
Batch 4 07BR1127 8/02/07 Method Blank 9/04/07   0.01     0.001     0.01     -0.02   

                                  
      CRM    DORM-2   99%     110%     94%     102%     
      CRM    DOLT-3         109%     87%     87%     
                                  
      Matrix Spike   105%     88%     96%     83%     
      Duplicate   106%   6% 86%   1% 99%   2% 86%   2% 
      Matrix Spike   106%     89%     94%     84%     
      Duplicate   109%   3% 86%   3% 90%   4% 87%   3% 
                                  
      Method Dup       5%                   
      Method Dup       2%                   
                                  

Batch 5 07BR1167 8/08/07 Method Blank 9/12/07   0.24     0.001     0.00     -0.01   
                                  
      CRM    DORM-2   95%     110%     96%     111%     
      CRM    DOLT-3   93%     109%     88%     98%     
                                  
      Matrix Spike   96%     72%     97%     94%     
      Duplicate   88%   10% 73%   2% 100%   2% 95%   1% 
      Matrix Spike   105%           97%     94%     
      Duplicate   93%   11%       99%   0% 95%   1% 
                                  
      Method Dup       10%                   
      Method Dup       3%                   
                                  

Batch 6 07BR1194 8/16/07 Method Blank 9/18/07   0.69     0.001     0.00     -0.01   
                                  
      CRM    DORM-2   99%     102%     96%     111%     
      CRM    DOLT-3   94%     94%     88%     98%     
                                  
      Matrix Spike   91%     88%     101%     96%     
      Duplicate   96%   5% 87%   2% 99%   0% 101%   7% 
      Matrix Spike   88%     85%     100%     94%     
      Duplicate   101%   12% 86%   2% 103%   5% 96%   4% 
                                  
      Method Dup       1%                   
      Method Dup       10%                   
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Batch # 

Lab 
Report 
Number 

Date 
Sent to 
Lab 

QA/QC 
sample type 

Date 
Recvd Rec 

Hg       
ng/g RPD  Rec 

As (In) 
mg/kg RPD Rec 

As 
(tot)  
mg/kg RPD Rec 

Se      
mg/kg RPD  

Batch 7 07BR1240 8/23/07 Method Blank 9/26/07   0.05     0.001     0.00     -0.01   
                                  
      CRM    DORM-2   103%     102%     94%     123%     
      CRM    DOLT-3         94%     78%     102%     
                                  
      Matrix Spike   106%     88%     92%     106%     
      Duplicate   108%   0% 87%   2% 97%   3% 106%   3% 
      Matrix Spike   116%     85%     94%     109%     
      Duplicate   106%   7% 86%   2% 89%   3% 105%   2% 
                                  
      Method Dup       4%                   
      Method Dup       5%                   
                                  

Batch 8 07BR1286 9/05/07 Method Blank 10/08/07   0.45     0     0.00     -0.01   
                                  
      CRM    DORM-2   115%     108%     94%     123%     
      CRM    DOLT-3               78%     102%     
                                  
      Matrix Spike   122%     70%     92%     106%     
      Duplicate   109%   5% 67%   4% 97%   3% 106%   3% 
      Matrix Spike   90%     91%     103%     118%     
      Duplicate   110%   14% 98%   7% 95%   7% 107%   8% 
                                  
      Method Dup       30%                   
      Method Dup       5%                   
                                  

Batch 9 07BR1425 10/11/07 Method Blank 11/15/07   0.04     0.001     -0.01     0.00   
                                  
      CRM    DORM-2   104%     101%     90%     101%     
      CRM    DOLT-3         106%     82%     84%     
                                  
      Matrix Spike   100%     112%     92%     81%     
      Duplicate   99%   3% 107%   4% 91%   5% 77%   7% 
      Matrix Spike         112%                 
      Duplicate         112%   1%             
                                  
      Method Dup       8%                   
      Method Dup                           
                                  

Batch 10 07BR1472 10/24/07 Method Blank 11/30/07   0.25     0.001     0.00     0.00   
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Batch # 

Lab 
Report 
Number 

Date 
Sent to 
Lab 

QA/QC 
sample type 

Date 
Recvd Rec 

Hg       
ng/g RPD  Rec 

As (In) 
mg/kg RPD Rec 

As 
(tot)  
mg/kg RPD Rec 

Se      
mg/kg RPD  

                                  
      CRM    DORM-2   97%     101%     105%     126%     
      CRM    DOLT-3         106%     101%     98%     
                                  
      Matrix Spike   95%     110%     121%     87%     
      Duplicate   94%   5% 105%   8% 106%   10% 82%   6% 
      Matrix Spike   85%           92%     76%     
      Duplicate   95%   11%       99%   4% 79%   2% 
                                  
      Method Dup       7%                   
      Method Dup       10%                   
                                  

QC sample Summary Blanks (Detectability & Contamination)            
   Min   0.01   0.000   -0.02   -0.02  
   Max   0.69   0.002   0.01   0.02  
   n   10   10   10   10  
   Mean   0.19   0.001   -0.003   -0.003  
                 
  LCS Recovery (Accuracy)             
   Min  95%   92%   78%   84%   
   Max  115%   110%   110%   140%   
   n  13   13   16   16   
   Mean  103%   103%   94%   110%   
                 
  MS\MSD Precision (Reproducibility)            
   Min    0%   1%   0%   0% 
   Max    20%   8%   10%   13% 
   n    19   16   17   17 
   Mean    8%   4%   4%   4% 
                 
  Method Dups Precision (Reproducibility)            
   Min     0%          
   Max    30%          
   n    19          
   Mean     107%          
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Hg Analytical Method Comparison 

Site # Site Name 
Species 
Code 

Sample 
type 

Brooks Rand 
method 1631 
Hg ng/g  

State Lab 
method 7473  
Hg ng/g 

Recovery 
BR % of 
SL 

Recovery 
SL % of 
BR 

              
006 Deadwood Res KOK comp 164 170 96% 104% 

      Dup   170   104% 
                

013 Yellow Belly Lake RBT comp 103 140 74% 136% 
      Dup   140   136% 
                

041 Anderson Ranch Res. KOK comp 176 260 65% 148% 
      Dup   280   159% 
                

065 Alturas Lake BUL comp 163 200 80% 123% 
      Dup   210   129% 
                

069 Salmon Falls Creek Res. WAL comp 1380 1750 78% 127% 
      Dup   1790   130% 
                

070 Payette Lake LKT comp 449 620 74% 138% 
      Dup   600   134% 
                

070 Payette Lake KOK comp 87 120 76% 138% 
      Dup   110   126% 
                

074 Hells Canyon Reservoir CAT comp 556 800 71% 144% 
      Dup   770   138% 
                

074 Hells Canyon Reservoir CRP comp 561 770 72% 137% 
      Dup   780   139% 
                

074 Hells Canyon Reservoir SMB comp 471 670 71% 142% 
      Dup   660   140% 
                

077 Arrowrock Reservoir KOK comp 173 270 64% 156% 
      Dup   270   156% 
                

079 Oakley Reservoir YLP comp 245 330 73% 135% 
      Dup   340   139% 
                

079 Oakley Reservoir WAL comp 564 740 77% 131% 
      Dup   720   128% 
                

086 Little Payette Lake KOK comp 138 180 77% 130% 
      Dup   180   130% 
                

095 Priest Lake LKT comp 255 400 63% 157% 
      Dup   410   161% 
                

100 Henry's Lake WCT comp 78 100 78% 128% 
      Dup   100   128% 
                
      Mean      74% 136% 
                

 



Appendix D: Analytical Results 

D-12 

This page intentionally left blank



 

QA_QC_Rpt.doc, 12/24/2007 E-1 

Appendix E. QA/QC Evaluation 
 

Data Quality Assessment for Fish Mercury Study in Statewide Lakes and 
Reservoirs, Idaho Department of Environmental Quality 

Xin Dai, DEQ Technical Services 
 
110 fish tissue samples were analyzed by BrooksRand Laboratory. 15 out of the 110 were 
duplicate composite samples. 3 out of the 15 are field duplicates. 95 fish tissue composites were 
obtained for this study and 89 are from selected lakes and reservoirs.  The number of individual 
fishes to form the composite is different depending on the availability of actually collected fishes 
in the field. Each composite sample were analyzed for mercury (Hg), Total Arsenic (As[Tot]), 
Inorganic Arsenic (As[In]), Selenium (Se) and % of solids (%Solid). Table 1 lists the methods 
and their detection limits (MDL) and practical quantitation limits (PQL) for each elements. 
Results below MDL is flagged “U” and below PQL flagged “B” by the QA/QC procedure within 
the BrooksRand Laboratory.  
 

Table 1. Flag system and Method Detection Limits used by Brooksrand: 
 Hg As [Tot] As [In] Se %Solid 

Limits MDL 
(ng/l) 

PQL 
(ng/l) 

MDL 
(μg/l) 

PQL 
(μg/l) 

MDL 
(μg/l) 

PQL 
(μg/l) 

MDL 
(μg/l) 

PQL 
(μg/l) 

MDL 
(%) 

PQL 
(%) 

Water  0.15 0.40 0.06 0.20 0.01 0.025 0.02 0.10 N/A N/A 
Flag U B U B U B U B N/A N/A 
Method EPA 1631E EPA 1638 Mod. 

(ICP-MS) 
BR-0021 EPA 1638 Mod. 

(ICP-MS) 
N/A 

           
Limits* MDL 

(ng/g) 
PQL 
(ng/g) 

MDL 
(mg/kg) 

PQL 
(mg/kg) 

MDL 
(mg/kg) 

PQL 
(mg/kg) 

MDL 
(mg/kg) 

PQL 
(mg/kg) 

MDL 
(%) 

PQL 
(%) 

Biota 0.04 0.10 0.11 0.30 0.003 0.01 0.04 0.13 0.10 0.33 
Flag U B U B U B U B U B 
Method  BR-0002 EPA 1638 Mod. 

(ICP-MS) 
BR-0021 EPA 1638 Mod. 

(ICP-MS) 
EPA 160.3 

 
In DEQ’s QAPP (version 1.2, July 13, 2007), five criteria are set for the Data Quality Objective 
(section A7, page 9-11): precision, accuracy, data representativeness, data comparability and 
data completeness. They are summarized as follows.  
 

1. Precision 
Precision is defined as the repeatability of the measurement of the same sample under similar or 
identical conditions. It is estimated by the relative difference (RPD) between duplicate samples 
to the average of the two samples. Two precisions exist in the sample collection and analysis. 
Laboratory precision is the duplicate run in the lab at every 10% of analyzed samples. Composite 
precision is the fish tissue composite duplicate collected during fish processing at every 10% of 
the composite. Acceptable laboratory precision is no greater than 30%. And acceptable 
composite precision is no greater than 40%.  
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Hg 
Out of the 15 duplicate fish tissue samples, RPD ranges from 0.4 – 40.4% for Hg. The highest 
RPD at 40.4% is for field duplicate 029-BRK, which slightly exceed 40% criterion for field 
composite precision. RPD is 9.2% for the other field duplicate 057-BRK of the batch 
(07BR1167). Hg measurement method meets QC criteria for that batch. Hg measurements for 
duplicate fish tissue (not field duplicate) of the batch are 2.4% and 5.3%, indicating satisfactory 
precision for laboratory. 029-BRK and 057-BRK duplicate samples were collected on 6/27/07 
from Toxaway and Hellroaring Lake respectively. Field duplicate 086-KOK sampled 10/23/07 
from Little Payette Lake were analyzed 11/06/07. The RPD for 086-KOK is 4.3%.  
Contamination is not likely to systematically occur during the field sampling process. The two 
Hg measurements for 029-BRK are 80.3 ng/g and 53.3 ng/g, far below the Idaho Fish 
Consumption Index 0.3 mg/kg. Hg fish tissue measurements for 029-BRK and 029-BRK-
DUP are suggested to be used for Brook Trout (BRK?) at Toxaway only and excluded from 
site-wide and statewide analysis.  
 
The second highest RPD is 19.4% from Batch 1 (07BR0735) for duplicate 046-LMB. The 
precision of Hg fish tissue measurements pass the quality objectives. The data are usable 
for further analysis.  
 
As 
Out of 15 fish tissue duplicate samples, 14 have As concentration less than method detection 
limit (MDL) 0.11 mg/l. One duplicate sample 019-LKT has As concentration less than report 
limit (PQL) 0.30 mg/l. Direct RPD for the duplicates are not estimable. All As measurements 
pass QA/QC objectives of the BrooksRand Laboratory. One duplicate samples from Hayspur SF 
Hatchery (site id is H04) has RPD of 1.8%. The H04 samples were collected on 9/25/07 and 
analyzed on 10/23/07. The precision of As fish tissue measurements pass the quality 
objectives. The data are usable for further analysis.  
 
As[In] 
As[In] in the 15 duplicate samples are non-detectable. Out of the eleven batches analyzed, water 
samples of three batches (07BR0735, 07BR1127, 07BR1194) arrived at the BrooksRand with 
temperature above 6 C, exceeding holding temperature requirement of As[In] method EPA 
Method 1632. The water sample results are flagged “H” by BrooksRand. Analyses meet 
BrooksRand QA/QC objectives for the three batches. The exceeding temperatures do not affect 
the fish tissue results. Fish tissue samples were delivered and received frozen. The precision of 
As[In] fish tissue measurements pass the quality objectives. The data are usable for further 
analysis.  
 
Se 
Out of the 15 duplicate fish tissue samples, RPDs for 14 samples range from 0 – 25.0% for Se. 
One duplicate sample 007-LMB is below PQL of 0.13 mg/l. RPD was not estimated for this 
duplicate. The highest RPD at 25.0% is for field duplicate 086-KOK. The precision of Se fish 
tissue measurements pass the quality objectives. The data are usable for further analysis.  
 
%Solids 
Out of the 15 duplicate fish tissue samples, RPDs for 14 samples range from 0.3 – 6.6% for Se. 
%Solid was not reported for one duplicate sample 013-BRK (Batch 07BR1240). The precision 
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of % solid fish tissue measurements pass the quality objectives. The data are usable for 
further analysis.  
 

2. Accuracy 
Accuracy measures the difference between the obtained sample results and the actual 
concentrations in the sample. This is characterized by analysis of certified reference materials 
(CRM). CRM can reveal systematic bias in the laboratory analysis. Also, contamination is 
checked by blanks. Method blank is checked by BrooksRand Laboratory. Possible sample 
contaminations are checked by water blank, process blank and fish fillet rinseate blank during 
fish tissue composite sample preparation. 
 
Se analysis method (EPA 1638 Mod. (ICP-MS)) requires recovery of CRM within 75-125%. Se 
recovery of CRM in dogfish muscle exceeded required control limits at 140% in batch #07-0571 
(June 29, 2007). This may be a result of a potential spot contamination of the CRM sample 
(BrooksRand Report 07BR0735). However, it does not impact the fish tissue samples as Se in 
the fish samples of that batch are below the method’s PQL (0.113 mg/kg) except 039-BLC, 
which has Se measured at 0.23 mg/kg. The measurements are usable. Se recovery of CRM in 
dogfish muscle exceeded required control limits at 131% in batch #07-0683 (BrooksRand Report 
07BR0876). The control chart for this CRM demonstrated an average recovery of 118%. A 
second CRM was prepared in the batch in dogfish liver and result in recovery of 114%. The data 
are usable. In the same report, recovery of Se matrix spike duplicate (MSD) for sample 002-
SMB is 133%. Method required control limits are 70-130%. This sample was flagged “N” as not 
meeting acceptable criterion. 002-SMB is suggested to be excluded from future analysis for Se.  
 
Blanks within the BrooksRand Laboratory meet QA/QC objectives. Water blank, process blank 
and fillet rinseate blank were high for Hg in batch 07BR0735. They are 21.74 ng/l, 34.0 ng/l and 
147.0 ng/l respectively, all exceeding the method (EPA 1631E) defined limit for field blank of 
0.5 ng/l. However, they meet the data quality objectives (DQO) defined in QAPP (DEQ), which 
are 10 and 30 μg/l for process and fillet rinseate blanks respectively.  
 
Collected data meet the accuracy requirement of the data quality objective and are usable 
for further analysis.  
  

3. Data Representativeness 
Data representativeness depends on the sampling frame. All fish samples were collected 
according to the sampling design by the QAPP. Each fish specie from each site requires 
minimum of 10 individual fish to make the composite. This goal may not be achieved due to 
sampling restrictions. 13 out of 89 Lake fish composites had less than 10 fish. Two consisted 
only one fish (057-BUL and 057-RBT). In general, collected data meet the representativeness 
requirement of the data quality objective. 057-BUL and 057-RBT can be excluded from 
future analysis if they show evidences as outliers.  
 

4. Data Comparability 
Data comparability of this study depends on (1) fish collected to represent the interesting factors 
greatly affect mercury bioaccumulation such as species, size; (2) sampling and analysis methods. 
All fish samples are collected, processed, composited and analyzed according to the QAPP. Data 
comparability objective is met for the data.  
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5. Data Completeness 
Data completeness of this study is defined as 100% of 50 targeted lake and 80% of 100 fish 
tissue composites. Ideal situation is 2 fish species from each lake. 50 lakes were sampled. 18 
lakes have only one fish specie. One lake has four fish species collected and analyzed and five 
lakes have three fish species collected and analyzed. Total 89 fish composite were collected 
during the field sampling. As discussed before, 029-BRK field duplicate RPD is 40.4% and may 
be rejected by exceeding the 40% criterion. 057-BUL and 057-RBT may be rejected by having 
only single fish in the composite. Therefore, a minimum of 86 fish tissue composite results can 
be used for further analysis, which is 86% of the targeted 100 fish tissue composite. For future 
analysis on Se, 002-SMB is suggested to be excluded. Recovery rate of the matrix spike 
duplicate on this sample is 133%, exceeding the method’s QA/AC criterion of 70-130%. Data 
completeness objective is met for the data.  
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