


Evaluating Methods for Assessing Exposure of Wildlife to Mercury (WQ MYP)
Jim Lake, Steve Ryba, Jonathan Serbst

Hg – Significant Pollutant in Aquatic Systems 

in Northeastern U.S. 

• Primary route of Hg to these systems appears to be through atmospheric  

transport & deposition.
• Contamination related to fossil fuel combustion, industrial processes & 

incineration of medical & municipal waste. 
• Particulate Hg is emitted from stacks, transported through atmosphere 

and enters aquatic ecosystems as inorganic form. 

• Sulfate-reducing bacteria methylate inorganic Hg to Methyl Mercury (MeHg).
- MeHg is toxic & more readily bioaccumulated by aquatic organisms.

- MeHg constitutes 95-99% of total Hg found in fish muscle tissue.
• Hg bioaccumulation in fish may pose health concerns for humans & 

piscivorous wildlife.
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Mercury Concentrations in Fish in Rhode Island

Rationale
• Need [Hg] in freshwater fish from Rhode Island to assess impacts on both wildlife and human consumers. 
• Need better methods to predict [Hg] in fish at untested sites.
• Need for sublethal sampling methods to allow measurement of [Hg] and stable isotope values in fish. 

Methods
• Assess the utility of water quality variables (e.g. pH, conductivity, DO) and trophic posit ion variables (δ15N) for 

describing mercury concentrations in fish.
• Fish collection by electroshocking conducted in conjunction with Rhode Island Department of Environmental 

Management (RIDEM).
• Analysis of fish muscle for [Hg] by Cold Vapor Atomic Absorption spectrometry (CVAA) and stable isotopes by 

Isotope Ratio Mass Spectrometry (IRMS).
Results

• The [Hg] in fish varied widely across freshwater sites in the state and many sites had fish with concentrations that 
exceeded human health criterion values.

• Largemouth bass was the top level predatory fish and had the highest mercury concentrations. Among the 10 fish 
species tested.

• Significant relationships were found between mercury concentration and length for seven of the ten fish species, but 
relationships between δ15N and length were not significant for any fish species.

• The value of δ15N in fish and site pH were useful in reducing the variance in stepwise mult iple regressions of mercury 
concentrations in fish by equal amounts. However, these variables covaried and the sequential addit ion of δ15N to 
stepwise regressions containing pH did not increase the coefficient of determination. The water quality variables pH 
and conductivity combined explained 51.1% of the variance in fish mercury concentrations.  The value of δ15N in fish 
and conductivity explains 51.2% of the variance in fish mercury concentrations.
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Comparisons of Mercury Concentration and δ15N in Fish
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Non-lethal sampling of Largemouth Bass in Rhode Island
Rationale
Contaminant bioaccumulation studies often rely on the use of fish muscle fillets as the t issue of choice for the measurement of Hg. The development of non-lethal and convenient techniques to predict Hg concentrations in muscle t issue 
would offer researchers the capability to sample fish without sacrificing individuals. We evaluated the use of two non-lethal sampling techniques, scales and caudal fin clips, to predict the total mercury concentration in the t issues of 
largemouth bass (Micropterus salmoides) from 20 freshwater sites in Rhode Island, USA.  Caudal fin clips were taken from the mid-section of the caudal fin after it  had been scrubbed under deionized water to remove mucus. 

Methods
• Muscle T issue Method

Muscle t issue samples (without skin) were taken above the lateral line, below the anterior edge of dorsal fin.  Muscle t issue samples were air dried until constant weight was achieved.  Hg concentrations were determined using 
Direct Mercury Analysis.

• Scale Method
Scales were taken above the lateral line and stored in paper envelopes.  Scales were then removed, treated with a mild soap solution, heated and ultra-sonicated to remove any residues.  Scales were dried at room temperature 

for 48 hours.  Hg concentrations were determined using Direct Mercury Analysis.
• Fin Clip Method

Caudal fins were scrubbed with a household scouring pad, and rinsed with DI water in order to remove any mucus.  Clips were taken from the mid section of the caudal fin.  Clips were dried to constant weight overnight at 
room temperature.  Total Hg concentrations were determined using Direct Mercury Analysis.

Results
• The relationship of total Hg concentrations between fin clips and muscle t issue showed an r2 of 0.82 which may be compared with an r2 of 0.89 for Hg concentrations between scales and muscle t issue. 

• While the fin clip method of estimating Hg in t issues is more variable, the Hg concentration in fin clip samples (mean = 0.196 µg/g (dry)) was more than a factor of ten greater than in the scale samples (mean = 0.012 µg/g
(dry)).

• Therefore, the fin clip method may be more applicable than the scale method where Hg concentrations in largemouth bass t issues are low, or for other fish species which may have low Hg concentrations.

• The mean value of [Hg] muscle tissue was 3.81 µg/g (dry) and ranged from  0.45 to 9.25 µg/g.

• Of several treatments utilized to treat scales (acetone wash, water wash, detergent wash and soap wash), the 

soap wash was the most effective scale treatment. This treatment increased the r2 of the relationship  of Hg 

concentration between muscle t issue and scales from 0.69 ( with untreated Scales) to 0.89. 

• After treatment, the mean value of [Hg] in scales  was  0.012 µg/g and ranged from 0.0011 to 0.43 µg Hg/g.

• The CV of [Hg] f rom repeated analysis of aliquots of scales was 7.4%.

• Even after treatment of  scales with th e soap solution the relationsh ip of [Hg] muscle tissue and [Hg] scales 
retained cons iderable varian ce (see figure).  In addition to this variability, variability i n analysis of scales also 

increased the width of  confidence intervals surrounding est imates of Hg concentration in muscle tissue. This 

is shown in the graph.  The numbers above the X- axis are the scale value corresponding to the 1.0 µg Hg/ g 

(wet) value and  ± 2 CVs of the scale analysis. The shaded area shows the limits of the overall 95% confidence 

intervals. The overall confidence intervals for the 1.0 µg Hg/g (wet) are shown (1.42 and 0.58) on the graph.

• Rather broad confidence intervals for est imates of [Hg] muscle tissue from [Hg] scale values were found. For 

example, at  a criterion level of 1.0 µg Hg/g (wet), the relative conf idence interval ((Upper 95% CI – Lower 

95%)/ Predicted  Value)x100) was 84%.
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area shows the overall 95% conf idence intervals. The overall confidence intervals for the 1.0 µg Hg/g 
(wet) are shown (1.48 and 0.52) on the figure. 

• The resulting  relative confidence interval width of  t issue estim ates at 1.0 µg Hg/g (wet) 
with f in clips was 96 %.  The comparable value using scales was 84%.
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Mercury Concentrations in Snapping Turtles in Rhode Island

Rationale
Present models created to predict mercury concentration in fish from water quality and landscape 
variables are not capable of predicting mercury concentrations in fish from untested sites with sufficient 
accuracy to protect human health and to establish exposure field data for use in determining risk to 
sensit ive wildlife populations. One approach that may allow more accurate predictions is to sample and 
analyze indicator organisms and fish from freshwater sites, analyze their t issues and use the results to 
develop predictive relationships to allow prediction of mercury concentrations in fish from untested 
sites.  
Snapping turt les are large, high trophic level organisms with a high degree of site fidelity, and therefore 
may be useful as indicator organisms. In addit ion, snapping turt les are still captured and consumed for 
food and knowledge of their concentration of mercury may be useful for assessing potential impacts on 
human health.

Methods
• Analysis of turt le t issue and claw nail for [Hg] (CVAA) and stable isotopes (IRMS).

• Snapping turt les and fish were sampled from 35 freshwater sites (lakes ponds, and reservoirs) in 
Rhode Island. 

• In a small study, relationships of mercury concentrations and values of stable isotopes were 
developed between samples of turt le tail muscle and claw nail.

• Mercury concentrations and values of stable isotopes were measured in fish and in the snapping 
turt les and a comparative relationship was developed. 

Results
• Comparisons of stable isotopes and mercury concentrations between samples of muscle (tail 

muscle biopsy) and claw nail (claw nail clip) showed significant relationships between the 
samples and indicated that the claw nail sampling had promise as a non lethal technique for 
assessing stable isotope values and mercury concentrations in muscle t issue of snapping turt les.  

• Comparisons of nitrogen stable isotopes and mercury concentrations between largemouth bass 
and snapping turt les among sites showed significant relationships. The results showed that 
mercury concentrations and δ15N were similar between muscle of largemouth bass and snapping 
turt les. This indicated that these organisms occupy an similar trophic posit ion at sites and 
indicated that snapping turt les may be a useful indicator organism for mercury contamination at 
freshwater sites.
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Mercury Concentrations in Mink in Rhode Island

Rationale
Methods are needed to allow predictions of bioaccumulation in wildlife for contaminants that are widespread and for which 
availability is determined by a variety of site specific factors.
As in other states in the northeastern U.S., Rhode Island receives a substantial input of mercury deposit ion from the atmosphere. 
Mink range throughout much of Rhode Island, and as piscivorous wildlife they are potentially vulnerable to the effects of mercury 
accumulated in their diet. However, data on the concentrations and distributions of mercury in this state were unknown. 

Methods
• Analysis of mink muscle, liver and stomach contents for [Hg] (by CVAA) and muscle and stomach contents for 

stable isotopes (by IRMS).

• Stomach contents were analyzed and dominant prey items were emumerated.

• These data were used to determine the distribution of mercury in mink and to examine relationships of stable isotope 
values and Hg concentrations between mink t issues and their stomach contents.

Results
• There was considerable variation in the extent of accumulation of mercury in mink in Rhode Island. 

• The accumulation in salt marsh sites 558 ng Hg/g (wet) was two to three t imes lower than that found in the upland   
sites (~ 1500ng Hg/g (wet)). 

• The highest mercury concentrations in mink were at levels found to cause neurochemical changes in mink, however, 
at present the impacts on wild mink populations is unknown. 

• The study found that utilization of stomach content analysis, to identify major prey items, followed by collection 
and analysis of appropriate field prey may represent an approach for estimating Hg exposure for mink. 

Collaborators

• Alan Libby, Charles Brow n, Phillip 
Edw ards, Lor i Gibson - RI DEM, Fish and 
Wildlife

• Eric Schneider – RI DEM, Water 
Resources

• Douglas Adams – Flor ida Fish and Wildlife 
Commiss ion

• Robert Vanders lice – RI Dept. of Health

• This research is being conducted to determine whether models can be developed to estimate bioaccumulation of mercury in fish and wildlife which are of sufficient accuracy for 
use in assessing potential impacts to both wildlife and human fish consumers.

• Develop and test non-lethal methods for determining mercury concentrations in fish and wildlife.

Lake sites
• In conjunction with Rhode Island Department of Environmental Management we are sampling fish from freshwater sites (lakes, ponds and reservoirs) throughout Rhode 

Island.

• Samples are being analyzed for mercury (Hg) concentrations and stable isotopes.

• Relationships will be developed bet ween Hg concentrations in fish and variables indicative of water quality, trophic posit ion of fish (δ15N) and landscape characterist ics.

• These relationships will be used to predict Hg concentrations in fish at untested sites, and predictions will be compared with measured values when sites are sampled.

• Another approach we are using to predict Hg concentrations in fish is to sample and analyze indicator organisms and fish species from multiple lakes and use relationships 
between fish and indicator organisms to predict Hg concentrations in fish at untested sites. 

• We have used the snapping turt le as a test indicator organism.

Stream sites
• In conjunction with RI DEM Division of Fish and Wildlife, we are developing methods to estimate bioaccumulation of Hg in mink from collections of prey items. 

• Our efforts have focused on development of approaches to assess dominant prey items and the relationships between mercury concentrations in prey and mink t issues.  

• Collections of water quality and landscape variables from stream sites are being used in conjunction with the exposure field data to construct models to predict mercury 
accumulation in mink. 

Non- lethal sampling
• Samples of scales and fin clips of fish, of claw nails of turt les and fur of mink were analyzed for Hg concentrations and results were compared with those from analysis of 

muscle t issue to determine whether these non-lethal sampling techniques can be used to sampe wildlife for mercury and stable isotopes.  
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• Development of models to predict bioaccumulation of mercury will allow assessment of the impact of this metal on sensit ive wildlife populations over large geographical 
areas.  

• This information is being used by the State of Rhode Island to make decisions concerning fish consumption advisories, and helps us to understand the threats to piscivorous
wildl ife in the context of other stressors. 

• This knowledge will inform decisions about mercury control that will help to sustain populations of fish-consuming wildlife.
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[Hg] vs Site pH for Largemouth Bass
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The EPA’s Office of Water is responsible for restoring and maintaining the integrity of the nation’s water.  To this end, the Office of Water needs scientifically defensible 
methods to assess the ecological risks of chemical contaminants, including those that are persistent, bioaccumulative and toxic. Mercury (Hg) is an extremely toxic contaminant of 
concern to humans and wildlife whose bioaccumulation is particularly complex, dependent not only on its chemical properties but also on environmental and ecological properties 
of the system and species of concern. Therefore, the Agency needs reliable methods to allow predictions of mercury bioaccumulation in fish and in other wildlife species. 
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