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Introduction/Background 
As a response to the Clean Water Act requirements set forth by the U.S. Environmental 
Protection Agency (EPA), the Idaho Department of Environmental Quality (DEQ) 
developed the Ambient Monitoring Plan (AMP) and the Beneficial Use Reconnaissance 
Program (BURP). These programs utilize physical habitat assessment in conjunction with 
biological and chemical monitoring to characterize river and stream integrity and water 
quality within the state. Through the collection of many aquatic organisms, including 
fish, macroinvertebrates, periphyton, phytoplankton, and macrophytes, DEQ aims to 
determine the condition of Idaho waters and establish which water bodies are impaired 
and require total maximum daily loads (TMDLs). BURP and AMP are intended to 
differentiate between impaired and non-impaired water bodies; they are not intended to 
identify pollutants or their sources. For a complete explanation of the goals and 
objectives of these programs, please refer to the Surface Water Ambient Monitoring Plan, 
accessible through DEQ’s Web site  
(http://www.deq.idaho.gov/water/data_reports/surface_water/monitoring/ambient_plan_fi
rst_edition.pdf).  

This study was conducted for the purpose of assessing ecological conditions in Idaho’s 
large rivers. Vertebrate sampling is conducted to determine the abundance of fish and 
aquatic amphibian species in a reach. Data on species richness, species guilds, 
abundance, size, and anomalies are used to evaluate ecosystem condition and health. In 
addition to gathering data on the assemblage, fish specimens were retained for analysis of 
tissue contaminants including mercury (Hg), selenium (Se), and arsenic (AS), with 
mercury being the primary focus in this report. The purpose of this particular study was 
to: 

• obtain a statistical picture of mercury levels in Idaho’s large rivers 
• determine the range of mercury concentrations present in the tissues of game fish  
• assess a potential need for fish consumption advisories for certain water bodies within 

the state 

Inorganic Mercury (Hg) is a naturally occurring mineral that is present in rocks and soils. 
It is released through soil erosion and the weathering of rocks, both by natural processes 
and human activities. While most of the mercury in surface waters (lakes, rivers, and 
streams) remains in its less harmful, inorganic form, some of it is converted to the highly 
toxic organic form, methylmercury (Me-Hg); nearly all mercury that accumulates in 
upper trophic level fish tissue is in the methylmercury form. Methylmercury readily 
biomagnifies, or accumulates, in biotic tissues. As a result of bioaccumulation, 
piscivorous fish (fish that feed on other fish) generally have elevated levels of 
methylmercury in their tissues.  

In addition to the overall biological health of a particular water body, levels of mercury 
found through the river BURP monitoring efforts can clearly indicate whether the 
consumption of certain fish poses a risk to human health. Historically, the brain and the 
nervous system are recognized as the primary target organs of methylmercury poisoning. 
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Symptoms include, but are not limited to, auditory disturbances, tremors, ataxia, and 
constriction of visual fields. Due to severe neurological effects of methylmercury 
poisoning, it is especially dangerous to neonates, infants, and children undergoing 
significant nervous system development.  

EPA has developed the Water Quality Criterion for the Protection of Human Health:  
Methylmercury, in which it states that fish and shellfish tissues being consumed by 
humans should contain no more than 0.3 milligrams Methylmercury per kilogram of fish 
tissue (mg/Kg) or 300 nanograms Methylmercury per gram of fish tissue (ng/g). DEQ has 
adopted this criterion into the Water Quality Standards (IDAPA 58.01.02). 
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Methods 
According to the Ambient Monitoring Plan, there are two methods for selecting sampling 
sites: target selection and random design. Randomly selected sites are used to estimate an 
overall condition of the state’s waters. In the summer of 2006, the river BURP crew was 
sent to randomly selected large-river sites to collect fish for biological assessment (see 
Table 1). Of those sites, approximately half resulted in the sufficient collection of fish. In 
general, BURP crews seek to collect 10 fish of the same species for composite sampling. 
Composite sampling gives a more precise indication of contaminant levels present in a 
given water body, as there is natural variation between individuals. If fewer than 10 fish 
are caught, they are usually released back into the river. 

Electrofishing is a commonly used method for collecting specimens and was the method 
of choice for this specific project. The BURP Field Manual for Streams, also accessible 
through DEQ’s Web site 
(http://www.deq.idaho.gov/water/data_reports/surface_water/monitoring/burp_field_man
ual_2007_entire.pdf), provides a comprehensive description of electrofishing methods 
and sample collection, as well as information needed for statewide consistency in 
monitoring and data collection activities on rivers. Specifically, the manual describes 
how sample sites are selected for monitoring and how to properly collect data for BURP 
rivers field sampling by providing information on the assumptions, methods, and 
equipment used. Principal sampling gear includes either boat electrofishers or 
bank/towed units. DEQ’s primary electrofishing boat is a 16-foot-long inflatable raft 
modified for two persons and all fishing equipment (Figure 1). Raft configuration 
consists of a frame-mounted generator, an electrofishing control box, and electrodes 
extending out over the bow (Figure 2). The fish are collected by one netter operating 
from the bow, while the boat and generator are operated by the person in the rear of the 
boat. The netter uses an insulated dip net to retrieve stunned fish, which are then 
deposited into a live well for later processing. At the completion of electrofishing, each 
transect (transects are spaced at six equally distant sites within the reach, the reach is 40 
times the wetted width of the river) and information on the fish (i.e., species, weight, 
length) are recorded on the collection form (see Appendix A).  
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Figure 1. Electrofishing boats. Figure 2. Electrofishing setup. 

It is difficult to target any one particular species when electrofishing in rivers. Therefore, 
a variety of species were caught and used for biological monitoring. Those species 
include suckers, mountain whitefish (MWF), northern pike minnows (NPM), and 
rainbow trout (O. Mykiss). Whole fish samples were stored in coolers with dry ice and 
were sent immediately to DEQ for further processing (Figures 3, 4, and 5). Back at the 
DEQ lab, the fish samples were thawed, filleted, and blended into composite samples 
(generally 10 fish of the same species go into one composite sample). Composite samples 
are much more representative since they take natural variation among individuals into 
account.  

 
Figure 3. Weighed fillet samples. Figure 4. Blending fillets. 



2006 River Monitoring Mercury Report 

Methods ■ 5 

 
Figure 5. Depositing composite samples into containers. 

DEQ contracted with Brooks Rand Laboratory (BRL) out of Seattle, Washington for 
trace metal analysis. Twenty-one fish tissue samples were sent to the lab for 
methylmercury (Me-Hg) and total mercury (THg) analysis following BRL standard 
operating procedures and EPA methods. A preparation blank and three processing blanks 
were also sent to the lab for quality assurance purposes (see Appendix B). The 
preparation blank was prepared from a water sample that sat in the lab with the fish tissue 
samples for the purpose of testing for possible air contamination in the lab. To prevent 
contamination of the tissue samples, the food processor was washed with water and then 
washed with 1.0 moles of hydrochloric acid between each composite preparation to 
remove residual fish tissue. The food processor was then rinsed again with water, and the 
water was retained and sent to the lab as processing blanks. 
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Results/Discussion 
The average taken from the preparation blank and the three processing blanks that were 
analyzed for total mercury (THg) was 1.38 ng/g. This value exceeded the primary 
acceptance criterion. All results were blank corrected; thus, any contamination evident in 
the method blanks did not significantly contribute to the sample results. Analysis of all 
other quality control samples in the batch met their respective acceptance criteria, and no 
corrective action was taken (see Appendix B). 

Nearly all the mercury in the fish tissue samples is presumed to be in the Methylmercury 
form. However, sample ID 000679 and sample ID 000666 yielded methylmercury results 
of 1190 ng/g and 36.4 ng/g, which slightly exceeded the total mercury results of 
1110 ng/g and 34.6 ng/g, respectively. In comparing the total mercury and 
methylmercury, results produced percent differences of 7% and 5%, which indicated that 
the differences between the results were statistically equivalent and were most likely due 
to analytical variability (see Appendix B), not to contamination.  

Of the fish tissue samples tested (Table 1), three of the samples exceeded DEQ’s criterion 
for mercury: 

• Sample ID 000679, consisting of seven northern pike minnows, was collected from 
the Salmon River at Collection Site A008, near Salmon, Idaho. The lab results show 
that the composite concentration of mercury in this sample was 1,110.0 ng/g, more 
than three times the recommended limit. 

• Sample ID 000687, consisting of 10 suckers, was collected from the Salmon River at 
Collection Site A016, near North Fork, Idaho. The lab results show that the composite 
concentration of mercury in this sample was 302.0 ng/g, exceeding DEQ’s 
recommended limit by 2.0 ng/g. 

• Sample ID 000681, also consisting of 10 suckers, was collected from the Snake River 
at Collection Site A081, near Idaho Falls, Idaho. At 317.0 ng/g, the lab results show 
that the recommended concentration limit for mercury was exceeded by 17.0 ng/g in 
this sample. 
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Table 1. Lab results analysis. 
Sample ID Collection 

Site ID 
Water Body Name Biota ID No. of 

Fish  
Average 
Length 
(mm) 

THg1 
(ng/g)2 

000679 A008 Salmon River NPM 7 373.00 1110.000 
000135 A008 Salmon River Sucker 10 357.51 133.000
000684 A008 Salmon River MWF 11 324.93 247.000
000121 A013 Big Lost River O. Mykiss 8 350.00 80.300
000687 A016 Salmon River Sucker 10 385.00 302.000 
000694 A016 Salmon River MWF 10 323.04 204.000
000666 A022 North Fork 

Coeur d’Alene 
O. Mykiss 10 266.29 34.600

000692 A023 Snake River Sucker 10 435.74 148.000
000668 A056 Middle Fork 

Clearwater 
MWF 10 343.29 67.500

000678 A059 Salmon River MWF 10 333.87 102.000
000680 A060 Salmon River MWF 11 350.00 218.000
000706 A060 Salmon River Sucker 10 382.00 146.000
000123 A069 Blackfoot River Sucker 5 207.00 35.100
000705 A072 North Fork Payette MWF 7 317.00 50.200
000695 A075 Salmon River MWF 10 314.59 92.400
000693 A076 Salmon River Sucker 6 457.00 216.000
000704 A076 Salmon River MWF 9 324.57 97.700
000114 A079 Boise River Sucker 10 436.43 221.000
000681 A081 Snake River Sucker 10 474.07 317.000
000711 A082 Priest River Sucker 10 434.30 234.000
000136 A082 Priest River MWF 10 251.44 51.500
000116 PREP 

BLANK 
PREP BLANK PREP 

BLANK 
    0.040

000685 BLANK 1 BLANK 1 BLANK 1     0.040
0381673 BLANK 2 BLANK 2 BLANK 2     0.040
000708 BLANK 3 BLANK 3 BLANK 3     0.040
Color indicates that THg was above the mercury water quality standard criterion. 
1 Total mercury. 
2 Nanograms per gram. 
3 Sample arrived with a cracked lid. Lid was replaced upon receipt. 

Typically, older/larger fish and high trophic level fish (predators) express elevated 
concentrations of toxins in their tissues, both as a result of being exposed to the toxin for 
a greater period of time and from feeding on smaller fish that also have mercury in their 
tissues. Figure 6 was generated from the fish data sheet (Appendix A) and the lab results 
(Appendix B) to demonstrate the correlation between the size of the fish and the 
concentration of mercury found in the fish tissue. The figure clearly reveals that Sample 
ID 000679 from site A008 lies outside the expected range of the data set. At an average 
length of 373.0 mm, the northern pike minnows in this composite sample were no larger 
than other fish tested, yet the sample had a conspicuously high concentration of mercury 
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compared to the other samples. Northern pike minnows are upper trophic level fish, 
feeding mostly on other fish (especially young salmon) and some aquatic invertebrates, 
so it is not surprising that the sample would contain high levels of methylmercury. This 
sample consisted of only seven fish, three less than DEQ’s Implementation Guidance for 
the Idaho Mercury Water Quality Criteria (available at DEQ’s Web site 
http://www.deq.idaho.gov/water/data_reports/surface_water/monitoring/idaho_mercury_
wq_guidance.pdf) recommends for an accurate representation of mean Methylmercury 
concentrations in a waterbody. There were 10 suckers and 11 mountain whitefish 
collected from this site as well; both composite samples came back with much lower 
methylmercury concentrations. Both suckers and mountain whitefish are lower trophic 
fish, so we would expect to find lower levels of mercury in their tissues. Most suckers are 
adapted to a bottom-dwelling life; they feed on detritus, algae, and small invertebrates. 
Mountain whitefish primarily feed on aquatic and terrestrial insects and trout eggs. 
Unfortunately, in this study, no other northern pike minnows were collected from other 
locations for a mercury concentration comparison. 

Both suckers and mountain whitefish were collected from site A016 on the Salmon River. 
The suckers exhibited higher levels of mercury than did the mountain whitefish, but they 
were also considerably larger in size, so this is expected. 

Unfortunately, the only fish collected from site A081 were suckers. Intuitively we would 
expect that if lower trophic level fish contain high levels of mercury, upper trophic level 
fish in the same water body will contain even higher levels. 

The overall results of this limited study show that most of the rivers that were tested 
contained fish with acceptable concentrations of mercury according to DEQ’s WQS. 
Three of the 21 river sites in this study had fish tissue mercury levels above DEQ’s 
criterion: the Salmon River near Salmon and also near North Fork (sites A008 and A016 
respectively) and the Snake River near Idaho Falls (site A081), as shown in Figure 7. The 
results illustrate that at site A016 suckers have an average Methylmercury concentration 
of 302 ng/g which is less than 1% over DEQ’s standard.  Site A081 has one species of 
suckers that is about 5% over the standard.  Further information pertaining to these 
waterbodies should be collected before listing the sites for impairment.  The Idaho Fish 
Consumption Advisory Program (IFCAP) will be responsible for determining whether a 
fish consumption advisory is appropriate for these sites. Undoubtedly, site A008 is of 
importance, having had more than three times the recommended limit for 
Methylmercury. Additional specimens would need to be collected and composited to give 
a more accurate indication of impairment before site A008 should be listed.  
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Figure 6. Mercury concentration in fish tissue relative to fish size. 
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Figure 7. 2006 large river mercury (Hg) sample results (ng/g = nanograms per gram). 
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