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PREFACE

To assess fish tissue mercury concentrations icispeommonly consumed on eastern North
Carolina National Wildlife Refuges, the U.S. FigtdaVildlife Service partnered with the North
Carolina Division of Water Quality and the NorthrGlana Wildlife Resources Commission.
This work was coordinated by Sara Ward (Ecologistvironmental Contaminant Specialist) in
the U.S. Fish and Wildlife Service Raleigh Fieldi€d and was funded by the U.S. Fish and
Wildlife Service’s Environmental Contaminants Pragr (project number 200440001). The
cooperation of Refuge Managers, Assistant Managershiologists at eastern North Carolina
refuges guided the sampling strategy. Field samgm@ssistance was provided by biologists from
each of the partnering agencies; their assistanakso appreciated. Analytical chemistry for the
project was performed by Laboratory and Environrakenésting, Inc. (Columbia, MO) and the
North Carolina Division of Water Quality Laboratd®gction (Raleigh, NC).

This final report was prepared addressing commegtsived on an earlier draft from the NC
Division of Water Quality’s Bioassessment Unit draboratory Sections, NC Wildlife
Resources Commission and Refuge Managers. Dr.régdBy Cope, aquatic toxicologist (NC
State University, Department of Environmental & Elallar Toxicology), also provided
comments that improved the report.

Additional questions, comments, and suggestioraea@lto this final report are encouraged.
Inquires can be directed to the U.S. Fish and \é@ervice at the following address:

Sara Ward
U.S. Fish and Wildlife Service
Raleigh Ecological Services Field Office
P.O. Box 33726
Raleigh, NC 27636-3726

Suggested citation: Ward, SE. 2008. Site-SpeEish Tissue Mercury at Four Eastern North
Carolina National Wildlife Refuges. Final Repol.S. Fish and Wildlife Service. USFWS,
Raleigh, NC.



ABSTRACT

Mercury concentrations above levels of concerrfssimtissue have prompted the North Carolina
Division of Public Heath to issue a consumptionisoy for several species of freshwater fish

in eastern North Carolina. Historic fish tissu¢adeollected by the North Carolina Division of
Water Quality and the U.S. Fish and Wildlife Seevitom eastern North Carolina National
Wildlife Refuges (NWRs) documented mercury concardns at or above levels of concern for
public consumption in a few fish species (e.ggéamnouth bass). Other game species have not
been frequently sampled (e.g., crappie, flier, lalnegill). Based on this concern, updated
information on the mercury concentration in impotteecreational fish species was collected to
inform refuge fisheries management. Between 20@42806, 305 fillet and 18 whole body fish
samples were collected from Alligator River, Matteskeet, Pocosin Lakes, and Pee Dee NWRs.
Mercury concentrations in fish fillets indicate tleatfish (geometric mean = 0.16 ppm-ww;
range 0.01 to 0.99 ppm-ww) and sunfish (geometeam= 0.18 ppm-ww; range 0.03-0.46
ppm-ww) species are generally below the state mdétieel for issuing public health consumption
advisories. Half of the perch (geometric mean33@pm-ww; range 0.13-0.67 ppm-ww) and

84 percent of largemouth bass (geometric mean 7#ipim-ww; range 0.03-1.6 ppm-ww) fillets
exceeded human consumptive levels of concerndditian to the State fish consumption
advisory, our data would support species-spedsit $ize thresholds for refuge waters to
minimize health risks of mercury exposure for teaeral public for bluegill (eat fish smaller

than 36 cm total length) and largemouth bass (glatsmaller than 21 cm total length). Because
bluegill rarely exceed 36 cm in length, most indivals caught on refuges are safe to eat. This is
consistent with the State’s fish consumption advitke current legal size limit for largemouth
bass (of 35.6 cm) precludes consumption of smdiliduals with lower mercury levels in

refuge waters; only catch and release fishingnoitéid consumption (consistent with the State’s
advisory:http://www.epi.state.nc.us/epi/fish/safefish.htfolr this species is advised. The
toxicological significance of fish tissue mercuggidues to piscivorous birds was also evaluated.
Mercury concentrations measured in whole fish fesjly exceeded levels reported to adversely
affect sensitive avian species. Estimates of whshemercury concentrations (based on fillet
mercury residues) also frequently (84 percent) ested avian dietary toxicity thresholds. A
comprehensive wildlife risk assessment could béopmed with dietary input modeling and site
specific exposure assessment.
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Site-Specific Fish Tissue Mercury at Four Eastern North Carolina National Wildlife
Refuges

I ntroduction

Mercury distribution nationwide can be attributedatvariety of natural (e.g., mercury deposits
in certain geologic formations and soil types) anthropogenic sources (e.g., fossil fuel
combustion, solid waste incineration). Global naeyacycling is controlled by volatilization to
the atmosphere from various sources, distributiarchmactic patterns, and redeposition on land
and surface water (USEPA 2001). All waters ofghstern U.S. are subject to continuous
mercury loading through atmospheric deposition (BAR2001). Mercury accumulation in fish
and wildlife has been documented as a concerrhéwhters of eastern North Carolina,
including those in the areas where four nationédife refuges (NWRs), Mattamuskeet,

Pocosin Lakes, Alligator River, and Pee Dee NWRppsrt recreational fisheries.

Environmental conditions in eastern North Carofeansor accumulation of mercury via wet and
dry deposition. Deposited mercury preferentiallyds to the highly organic soil types found in
the eastern portion of the State creating a mersimiy/for historic and current mercury deposits
(McDonald et al. 1983; Zillioux et al. 1993). Heee NWR is located in the Yadkin-Pee Dee
River Basin where elevated mercury levels in fiaskiehbeen documented upstream and
downstream of the refuge (NCDWQ 1998; NCDWQ 200¥attamuskeet, Pocosin Lakes, and
Alligator River NWRs are situated between the Allagle and Pamlico Sounds and are all
underlain by peat soils. Historically ditched alrdined, this hydrologic modification has
artificially lowered the groundwater table promatisoil oxidation and providing a pathway for
mercury mobilized from peat soils to enter downdigat surface waters. Exceedances of water
quality standards for mercury have been demonstratthe waters draining peat soils subjected
to ditching and draining, or other processes pramgaixidation (Environmental Sciences and
Engineering, Inc. 1982; Hinesley and Wicker 1997).

Given the enhanced binding and storage of mercueastern North Carolina and the tendency
for methylmercury to biomagnify in progressivelgher trophic levels, mercury accumulation

in fish and wildlife resources is a documented eosn¢Benkert 1990, 1992; Cunningham et al.
1992; Augspurger and Looney 1995; Hinesley and @fid©97). Among the most common
concerns are sediment mercury concentrations wéxched screening values (Long and Morgan
1990) for adverse effects to ecological receptGmfiingham et al. 1992) and exceedances of
North Carlina’s ambient water quality standardrfarcury of 12 ng/l (NCDWQ 1998; Hinesley
and Wicker 1997). Slightly elevated mercury coniions in piscivorous birds have also been
documented (Augspurger and Looney 1995).

In recognition of mercury concentrations above lewé concern, the North Carolina Division of
Public Heath (NCDPH) has issued a consumption adyi®r freshwater fish species including
bowfin (Amia calvg, warmouth epomis gulosyschain pickerelEsox nige), and catfish
species caught in eastern North Carolina southeastiof Interstate 85. Restricted consumption
of largemouth basdMicropterus salmoidgscaught statewide is also advised (NCDHHS 2006).
The North Carolina Division of Water Quality (NCDW®iological Assessment Unit has



previously documented mercury levels exceedingeitie U.S. Environmental Protection
Agency (USEPA) screening value (USEPA 2000) ofgarts per million (ppm), USEPA
methylmercury fish tissue criterion of 0.3 ppm (USE2001b), or the Food and Drug
Administration (FDA) Action Level of 1 ppm (USFDAA®8) in several fish samples collected in
waters on Pocosin Lakes and Mattamuskeet NWRs (NQ2B07). Prior to this assessment,
waters on Pocosin Lakes NWR were last sampled bpWQ in 1995 (Lake Phelps) and 1986
(Pungo and New Lakes) while Mattamuskeet NWR wastmexently sampled in 1997. The
U.S. Fish and Wildlife Service (Service) has alsoumented mercury levels in fish tissue
exceeding the FDA action level (Looney and Augsput92).

These historic data indicated a contaminant thcesgfuge resources and public health, and
updated mercury measurements were desired to infefuge fisheries management.
Accordingly, the Service coordinated an effort &etmine mercury concentrations in edible
portions of commonly consumed fish species at thstmpopular fishing locations on refuges.
Mercury results were compared to published scrgevatues to identify sites where commonly
consumed fish species are contaminated (and magmirbealth risks to the public and to trust
resources) and areas where these fish speciesrasiglered safe for consumption. This report
documents our assessment of mercury levels irsfiskies collected from four refuges.

Methods
Sample Site Description

Four refuges (Alligator River, Mattamuskeet, Pondsakes, and Pee Dee NWRs) were selected
for participation in the study based on severatidiacincluding: 1) previously documented
mercury issues and 2) the prevalence of publieatmnal fishing. Refuge staff input guided
target species identification (locally-importantmeational fish species) and selection of three to
four sample sites routinely used for recreatiorsdlihg on each refuge. A reference map
illustrating the four refuges sampled is showniguFe 1; Figures 2 through 5 depict the
sampling locations on each refuge.

Sampling sites at Alligator River NWR included Sawyake and South Lake. Initially
proposed sampling locations at the refuge incluzdethls adjacent to US Highway 64, the farm
field canal, the pump station pool area, and LaBegl Lake; however, collection from these
sites was not possible for a variety of reasonsthéd pump station and farm field sites, access
via a small electrofishing boat was not possititatry to Laurel Bay Lake was also restricted for
boat access due to excessive growth of alligatedwiternanthera philoxeroidgs Collection

in U.S. Highway 64 canals was attempted on sewe@dsions; however, insufficient numbers of
samples were obtained. Although recreationalffiglactivity at Sawyer Lake is less significant
than at the originally proposed locations, hydraiagpnnectivity to Milltail Creek, which
traverses the refuge from its origin near the O2oanty Bombing Range northwest to its
confluence with Alligator River, makes characteti@a of mercury from this site meaningful for
interpretation of risks to a larger area. Soutkd,an embayment of Albemarle Sound, lies in
the northern portion of the refuge and was seleatean alternate collection site based on its
hydrologic connection to the U.S. Highway 64 canals



Collection sites at Mattamuskeet NWR included R@ag Canal (located at the southwest
corner of Lake Mattamuskeet), the causeway cuhatoisg Highway 94 (traversing the center of
the lake), West Main Canal (a drainage featureglyiear the central southern portion of Lake
Mattamuskeet that is hydrologically connected taf@uCanal and the open water portion of
Lake Mattamuskeet via Central Canal), and Sandyg Ridcess to Lake Mattamuskeet (located
west of Highway 94 just north of marsh impoundmésit Marsh impoundment #11, although
originally targeted for sampling, was not samplee tb low water levels.

Fish sampling at Pocosin Lakes NWR was attemptéuet¢ (out of four) of the collection
locations originally proposed by refuge staff (Pohgke, Smartweed Canal, and Phelps Lake);
however, based on limited catch success at Pung® (aadystrophic system characterized by
low pH conditions and highly tannic waters), samglefforts at New Lake (a system with
similar water quality conditions and productivitygre abandoned. Rather, sampling was
conducted at two additional sites where recrealifisiaing is popular: Scuppernong River (in
the vicinity of the refuge headquarters’ interpretboardwalk) and Frying Pan (an embayment
of Alligator River surrounded by conservation owstep, including the refuge). Sampling in
Smartweed Canal (a shallow canal located west nfj@l.ake along West Lake Road) was
limited to gill netting because access with shoglequipment was not possible. Sampling in
Lake Phelps, a shallow 16,600-acre lake that ahetsefuge, occurred via shocking boats on
multiple occasions. Substrates in Lake Phelpsideckand and peat material; however, unlike
nearby Pungo and New Lakes, the surface watee&s eind has a relatively higher pH.
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Figure1l. Reference map for National Wildlife Refuges véhissh mercury sampling was
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Two ponds at Pee Dee NWR were sampled: SullivarRas$ Ponds. Sullivan Pond is located
just east of the refuge headquarters and is heaséd for fishing based on its close proximity to
the refuge road and facilities. The pond is re&dsi small but contains some woody debris snags
ideal for fish habitat. Ross Pond is also accés&ip refuge roads and is characterized by ideal
structural habitat for fish (including vegetatechdanargins and extensive water lily growth).



Fish Collection and Processing

The sampling protocol is based on NCDWQ standaedaimg procedures for fish tissue
collection and processing and current USEPA guiddocfish sampling and contaminant
analysis (NCDWQ 2006; USEPA 2000). Three disteutlogical groups of finfish, bottom-
feeders (e.g., a catfish species), mid-trophicllspecies (e.g., sunfish) and predators (e.qg.,
largemouth bass) were targeted for collection brefliges included in the study. Our selection
of target species representing different trophielle was attempted to evaluate a variety of
habitats, feeding strategies, and physiologicdabfadhat might result in differences in mercury
bioaccumulation. Additional target species ideediffor the project included white perch
(Morone americanp yellow perch Perca flavescensblack crappieRomoxis nigromaculatis

a prevalent sunfish species such as bludggp¢mis macrochirysor pumpkinseed.epomis
gibbosu$, and chain pickereEsox nige) (Alligator River NWR only). The specific
combination of the target species collected on eeftlye was determined by trophic levels and
information regarding the most commonly consumsl.fiTen individual fish samples were
desired for each target species at each samptmpased on EPA guidance for use of individual
samples in monitoring fish contaminant levels (UBE®O00). That guidance indicates that a
sample size of ten or fewer fish should be usey ibihe ratio of the standard deviation of
mercury concentrations within a given fish popwat{estimated from historic data) to the
desired minimum detectable difference between ¢heesing value and the mean mercury
concentration for the population is 0.85 or leBstimates from historic NCDWQ data, a
recommendation from the NCDWQ Environmental Scisrfdection, and advice from our peer
review supported the selected sample size.

Boat-mounted electrofishing units were used aptbéerred fish collection method. When
sufficient numbers of target species were not aglii@ising this approach (or environmental
conditions did not support this method), alterrafigh collection methods (e.g., trap nets, gill
nets, hook and line) were employed in attempt tetrttee targeted sample size. During
collections performed using electrofishing or tregts, fish were stored in a live well pending
transport to shore. Fish from each collectionsiee sorted by species in the field and were
stored in polyethylene bags for transport to alfsghtion within 24 hours of collection. To
prevent contamination, only live, intact fish (delof breaks or lacerations) were processed for
sample analysis.

When sample processing was not possible immeditalbbyving collection, fish were stored at
-20°C pending processing. Sample preparation was abediby NCDWQ Biological
Assessment Unit and Service staff at the NCDWQrktooy. Fish were thawed prior to
processing and placed on a contaminant-free suffas®rting and labeling. Fish were
inspected to assure they were not compromisedgltnamsport and storage and weight and total
length were recorded. Stainless steel equipmestusad and processing surfaces were washed
with detergent and rinsed with deionized waterrgvpnt contamination. According to

NCDWAQ protocol (2006), fish fillets were scaledgerio homogenization; for catfish species
collected, skinless fillets were used. Fish wesdedd and filleted on aluminum foil covered
surfaces. If a 200 gram fillet sample was achidvexh an individual fish fillet, the remaining

fillet tissue was discarded (or processed for aislgs a split sample); however, if additional
sample mass was required, the fillets from each sidhe fish were combined. Fish of



insufficient size for adequate sample mass usitly fiets were combined into a sample
composite of fillets from two or more individuatfi. NCDWQ analytical support also allowed
an assessment of the relationship of fillet to veHmbdy concentrations of mercury for
determining effects to piscivorous wildlife (thrduthe collection and analysis of whole body
samples for each target species). For each safilgls, (or individual whole body samples)
were homogenized and placed in foil cups with lioiéd lids. The potential for cross-
contamination was minimized by rinsing utensilshwdeionized water and changing aluminum
foil coverings between processing of fish samples.

Fish Tissue Chemical Analysis

A total of 320 samples (302 fillet samples and I®hl body) were analyzed by the NCDWQ
Analytical Chemistry Laboratory; 98 samples werecgssed as split samples and were analyzed
separately by a Service contract laboratory (Laiooyaand Environmental Testing, Inc. [LET],
Columbia, MO). Samples were processed in batdbeesefl on the order of collection) with
processing and analysis occurring between 200£266d. Total mercury concentration in fish
tissue was determined using strong acid digestionaaalysis by cold vapor reduction atomic
absorption spectrophotometry (USEPA 1991). Sampé&ee digested using either microwave
digestion with trace metal grade nitric acid (LEF)sulfuric and nitric acid digestion folloed by
oxidation with potassium permanganate (NCDWQ).ilZalion for the cold vapor atomic
absorption spectrophotometry utilized four calilmatstandards (ranging from 0 to 30 ppb). The
lower detection limit (LDL) for wet weight mercuppncentrations reported by NCDWQ and
LET was 0.02 ppm. Analytical results were acconmgxby batch-specific quality control /
guality assurance samples (including blanks, spitheglicates and standard reference material
analyses) to gage analytical precision and biasu(acy). Review of quality assurance data
(provided in Appendix A) indicates acceptable aacyr

Data Interpretation

Individual fillet and composite fillet mercury relsies were screened against recommended
thresholds for human consumption of fish includirfgEPA fish tissue mercury criterion for
human health (USEPA 2000; USEPA 2001; USEPA 20046)fish consumption action level
(NCDHHS 2006), and FDA action limit (USFDA 1998ecause most mercury in fish exists as
methylmercury (Wiener 1987), total mercury resirten our analyses were compared to
methylmercury screening values. A species speefeduation of fish size relative to mercury
concentration was also performed; based on inserfficample numbers for several species
collected, species family groups (e.g., ictalurmtrarchids, and percids) were also assessed to
determine fish size and mercury concentrationimiahips. Comparison of fish tissue residues
across refuges sampled was not possible for mdbedarget species collected (based on an
insufficient number of individuals obtained acrosiges); however, consideration of refuge-
specific differences in fish tissue residues wassie for two species with adequate sample
sizes (e.g., bluegill and largemouth bass) andnfaltiple species grouped by family (e.qg.,
catfish, sunfish, and perch)Mercury levels in fish species collected wespalompared to
baseline fish tissue mercury data (with age anel atjustments where appropriate) for refuges

! The family grouping for sunfish (Family Centrarthe) includes all species of centrarchids excegetaouth
bass iicropterus salmoidgs Largemouth bass tissue residues were consicetately in the analysis.



where previous sampling has been conducted (Adligaiver, Mattamuskeet, and Pocosin Lakes
NWRSs).

The toxicological significance of fish tissue manctesidues to piscivorous wildlife was also
compared to the avian dietary LOAEL of 0.1 ppm-wetght (Heinz 1979; Eisler 1987) to
examine potential impacts to migratory birds. didiéion, we estimated whole-fish mercury
concentrations based on the fillet data using presty described methods (Bevelhimer et al.,
1997). Although secondary to objective of fishemeanagement and risk communication to the
public, an evaluation of wildlife receptor’s digtanercury exposure is another valuable use of
the data.

Statistical Analyses

Mercury concentrations from each of 96 samplesyaedl by both labs were analyzed for
goodness of fit to a normal distribution by the @haWilks test (JMP 5.1.2, SAS Institute, Inc.,
Cary, NC, USA). Neither dataset was normally dsiied, and log-transformed concentrations
also did not fit a normal distribution. Accordiggthe nonparametric Wilcoxon Signed Rank
test was used to test for difference among the labs

Distributions of fish lengths, weights, and mercaoncentration, by species, were analyzed for
goodness of fit to a normal distribution by the @haWilks test. About a half the species
mercury concentration datasets did not fit a nomiisttibution. Consequently, nonparametric
summary statistics are reported for mercury in espaties (for each refuge) including the
median, 90th percentile, range of concentrationd,feequency with which samples exceeded
the state action level of 0.4 ppm mercury in fish.

Results and Discussion
Fish Tissue Mercury Concentrations

Concentrations of mercury in fish collected froncleaefuge are summarized in Tables 1-4;
complete analytical results for all fish collectm®@ presented in Appendix A. Regressions of
fish mercury versus length or weight were condufbeall species; in general length was a
better predictor and the relationship is plottedtfeo species for which database size yield
meaningful results: bluegill (Figure 6) and largeniobass (Figure 7). Due to insufficient
sample sizes for other species, fillet mercuryltesuvere pooled for species related by family.
The relationship of fish length and fillet mercurgncentration is illustrated for the following
three family groupings: ictalurids (catfish), cemthids (sunfish, excluding data for largemouth
bass), and percids (perch) in Figures 8-10.

Sampling sites at Alligator River NWR are charaeest by low alkalinity and low pH. These
conditions, coupled with recent evidence of bratkister intrusion to the canals lining the
Highway 64 corridor (K. Dockendorf, NC Wildlife Raesrces Commission [NCWRC], pers.
comm.), appear to contribute to a low-productivishery. Minimal collection success was
realized at the refuge despite repeated samplteghpts. Consequently, only limited £ 22)
data are available for interpretation from twosit&lo top predator species (e.g., largemouth

10



bass) were collected. Mid-trophic level fish spsmbtained included bluegill, flier
(Centrarchus macropterisyellow bullhead Ameiurus natalis warmouth .epomis gulosys

and white perchMlorone americana Because sample sizes for all species fell stfdtie
targeted 10 individuals at each collection sitepigl@ results were grouped by family. All fish
mercury fillet residues from Alligator River NWR weebelow the state action level (of 0.4 ppm-
ww methylmercury).

Tablel1l. Concentrations of mercury in fish at Alligatov& NWR, 2005.
Mercury Concentration (ppm wet weight)
% Above NC

Species Median 90" Percentile Range  Action Levef
Bluegill (n = 1) 0.12 0.12 0.12 0
Flier (n =12) 0.19 0.31 0.12-0.34 0
Yellow Bullhead 6 = 7) 0.15 0.19 0.13-0.19 0
Warmouth ¢ = 1) 0.26 0.26 0.26 0
White Perchrf = 1) 0.23 0.23 0.23 0

Family
Ictalurids @ =7) 0.15 0.19 0.13-0.19 0
Centrarchidsr{ = 14) 0.19 0.30 0.12-0.34 0
Percids f = 1) 0.23 0.23 0.23 0

“NC Dept. of Health and Human Services action léweissuing fish advisories of 0.4 mg/kg methyl
mercury. Total mercury results from this study eveompared to the methyl mercury action level
because most of mercury in fish exists as methytung.

® The family grouping for sunfish (Family Centramdae) includes all species of centrarchids except
largemouth bass (Micropterus salmoides). Largembass tissue residues were considered separately
in the analysis.

Fish were collected at Mattamuskeet NWR in May 2000# four sites: Rose Bay Canal, West
Main Canal, Sandy Dike and the Causeway. Fishungi@oncentrations pooled from all
collection locations on the refuge yielded a sigfit sample size for several species including
blueqill, gizzard shaddorosoma cepedianuynand largemouth bass. Additional species
collected included black crappiedmoxis nigromaculatyisbrown bullheadAmeiurus

nebulosuy common carpQyprinus carpig, and channel catfishatalurus punctatus Of the

94 individual fish fillets analyzed, mercury contrations exceeded the state action level for
only one mid-trophic level species (black crapiejhree percent of the overall centrarchid
fillets analyzed (Table 2 and Figure 9), while &qgent of largemouth bass fillets exceeded the
state action level (Figure 7).

11



Table2. Concentrations of mercury in fish at Mattamushé&/R, 2004.
Mercury Concentration (ppm wet weight)
% Above NC

Species Median 90" Percentle ~Range  Action Levef
Black crappierf = 1) 0.46 0.46 0.46 100
Bluegill (n = 36) 0.17 0.24 0.09-0.31 0
Brown bullheadrf = 4) 0.06 0.14 0.05-0.14 0
Carp = 4) 0.05 0.08 0.01-0.08 0
Channel catfishn = 2) 0.20 0.29 0.10-0.29 0
Gizzard shadrn( = 30) 0.03 0.05 0.02-0.06 0
Largemouth bass(= 17) 0.58 0.90 0.24-0.92 82

Family
Ictalurids @ = 6) 0.08 0.29 0.05-0.29 0
Centrarchidsr{ = 37)b 0.17 0.24 0.09-0.46 3
Percids (i = 0) n/a n/a n/a n/a

“NC Dept. of Health and Human Services action léweissuing fish advisories of 0.4 mg/kg methyl
mercury. Total mercury results from this study eveompared to the methyl mercury action level
because most of mercury in fish exists as methyturg.

® The family grouping for sunfish (Family Centrardae) includes all species of centrarchids except
largemouth bass (Micropterus salmoides). Largembass tissue residues were considered separately
in the analysis.
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Table 3. Concentrations of mercury in fish at PocosindsaklWR, 2004-2006.
Mercury Concentration (ppm wet weight)
% Above NC

Species Median 90" Percentile Range  Action Levef
Black crappierf = 1) 0.23 0.23 0.23 0
Bluegill (n = 24) 0.20 0.36 0.09-0.41 4
Brown bullheadrf = 9) 0.10 0.20 0.07-0.2 0
Carp 6 =3) 0.23 0.29 0.20-0.29 0
Flier (n = 1) 0.46 0.46 0.46 100
Largemouth bass(= 50) 0.61 1.19 0.03-1.6 92
Pumkinseedr( = 11) 0.25 0.35 0.16-0.36 0
Redear sunfishn(= 3) 0.14 0.23 0.10-0.23 0
Warmouth G = 3) 0.27 0.27 0.22-0.27 0
White catfish i = 7) 0.25 0.99 0.10-0.99 14
White perchif = 2) 0.27 0.40 0.13-0.40 50
Yellow bullhead ( = 2) 0.59 0.69 0.49-0.69 100
Yellow perch i = 17) 0.40 0.65 0.17-0.67 53

Family
Ictalurids f = 18) 0.12 0.72 0.07-0.99 17
Centrarchidsr{ = 43} 0.21 0.35 0.09-0.46 5
Percids i =19) 0.40 0.65 0.13-0.67 53

“NC Dept. of Health and Human Services action léweissuing fish advisories of 0.4 mg/kg methyl
mercury. Total mercury results from this study eveompared to the methyl mercury action level
because most of mercury in fish exists as methyturg.

® The family grouping for sunfish (Family Centramthe) includes all species of centrarchids except
largemouth bass (Micropterus salmoides). Largembass tissue residues were considered separately
in the analysis.
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Table4. Concentrations of mercury in fish at Pee Dee N\&I04.
Mercury Concentration (ppm wet weight)
% Above NC

Species Median 90" Percentle = Range  Action Levef
Black crappierf = 5) 0.21 0.25 0.11-0.25 0
Bluegill (n =12) 0.22 0.39 0.10-0.42 8
Channel catfishn( = 9) 0.25 0.44 0.01-0.44 11
Largemouth bass (= 20) 0.63 0.87 0.12-0.88 65
Redear sunfism( = 9) 0.12 0.20 0.03-0.20 0
Warmouth ( = 1) 0.41 0.41 0.41 100

Family
Ictalurids o = 9) 0.25 0.44 0.01-0.44 11
Centrarchidsi{ = 27) 0.19 0.35 0.03-0.42 7
Percids § = 0) n/a n/a n/a n/a

“NC Dept. of Health and Human Services action léweissuing fish advisories of 0.4 mg/kg methyl
mercury. Total mercury results from this study eveompared to the methyl mercury action level
because most of mercury in fish exists as methytung.

® The family grouping for sunfish (Family Centramtae) includes all species of centrarchids except
largemouth bass (Micropterus salmoides). Largembass tissue residues were considered separately
in the analysis.
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Figure 6. Relationship of tissue mercury concentratiomfppw) to fish length (cm) for
bluegill (Lepomis macrochirgscollected from North Carolina National WildlifegRiges
(Mattamuskeet [MNWR], Pee Dee [PDNWR], Pocosin lsakg NWRY], and Alligator River
[ARNWRY]). Mercury concentration tended to be loygardless of size.
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Fish were collected at Pocosin Lakes NWR on 14008 between August 2004 and May
2006 using varied collection techniques includifeg®ofishing, gill nets, trap nets, and hook
and line. With samples pooled from all collectlonations on the refuge, mercury fillet residue
datasets for bluegill, largemouth bass, and yepevch were sufficiently large for meaningful
interpretation. Other species collected in limiteonbers included black crappie, brown
bullhead, carp, flier, pumpkinseedefpomis gibbosysredear sunfish_gepomis microlophys
warmouth, white catfislAmeiurus catus white perch, and yellow bullhead. Fillet mercdata
were also summarized by family. Most (92 perc&aremouth bass fillets collected from
refuge waters exceeded the state action level &hyimercury, and 18 percent of those samples
also exceeded the FDA action level of 1 ppm (FigQreAlthough only a limited number of
catfish species were obtained during refuge catlast 17 percent (three individuals) of ictalurid
fillets exceeded the state action level (Figure B)e catfish samples exceeding the state
threshold included yellow bullhead and white cétftsllected from Lake Phelps. Two
individual sunfish fillet samples (of 43 sampletatpcollected from the refuge also exceeded the
state threshold (Figure 4). Two percid specieldweperch and white perch) were collected
from Pocosin Lakes NWR and 53 percent of percatfithercury residues exceeded the state
action level (Figure 10). Samples exceeding thgesiction level were obtained from several
sites on the refuge including Pungo Lake, Frying,Feuppernong River, and Lake Phelps.
Regressions of fish mercury versus perch lengticate that mercury residues in fillet tissue are
not significantly correlated to overall fish lendthhich ranged from 19.5 to 25 cm for
individuals exceeding the state threshold).
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Figure7. Relationship of tissue mercury concentratiomf{ppw) to fish length (cm) for
largemouth bassvicropterus salmoidgscollected from North Carolina National Wildlife
Refuges (Mattamuskeet [MNWR], Pee Dee [PDNWR], Bodosin Lakes [PLNWR]). Refuge-
specific regression equations were also signifieawt had higher coefficients of determination.
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Figure 8. Relationship of tissue mercury concentratiomf{ppw) to fish length (cm) for species
in the familylctaluridae (catfish) from North Carolina National Wildlife Reges (Mattamuskeet
[MNWR], Pee Dee [PDNWR], Pocosin Lakes [PLNWR], axtigator River [ARNWRY]).
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Figure9. Relationship of tissue mercury concentratiomf{ppw) to fish length (cm) for species
in the familyCentrarchidag(sunfish) from North Carolina National Wildlife Reyes
(Mattamuskeet [MNWR], Pee Dee [PDNWR], Pocosin lsakg NWRY], and Alligator River
[ARNWRY]). The family grouping for sunfish (Famiyentrarchidae) includes all species of
centrarchids except largemouth badsc(opterus salmoidgs Largemouth bass tissue residues
were considered separately in the analysis.
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Figure 10. Relationship of tissue mercury concentratiomfppw) to fish length (cm) for
species in the famili?ercidae(perches) from North Carolina National Wildlife fieges
(Pocosin Lakes [PLNWR] and Alligator River [ARNWR])

Fillet mercury data are available for fish colletfeom two locations, Ross and Sullivan Ponds,
at Pee Dee NWR in July 2004. Species collecteddec black crappie, bluegill, channel
catfish, largemouth bass, redear sunfish, and wattmd-illet mercury exceeded the state level
of concern in one catfish and two sunfish individua3 largemouth bass fillets (65 percent)
were above the state action limit for mercury reegl(Table 4).

The current statewide fish consumption advisoriestthat women of childbearing age, pregnant
women, nursing women, and children under 15 aresadwnot to eat blackfish (bowfin), jack

fish (chain pickerel), catfish, and warmouth caugh¥orth Carolina waters south and east of
Interstate 85 and should not consume largemouth ¢cagght statewide. All other individuals

are encouraged to eat only one meal per week séttieshwater fish species containing high
levels of mercury (NCDHHS 2006b). Consumptionishfiow in mercury (determined by the
NCDPH as fish species with average mercury conagoirs between 0.1 and 0.3 ppm-ww) is
recommended for up to two meals per week for sgasitomen and children and up to four
meals per week for all other individuals.

Consistent with the state fish consumption advisting current study confirms that mercury
concentrations in largemouth bass fillets colleadadorth Carolina NWRs are consistently
above the state action level of 0.4 ppm-ww methytmey. Eighty-four percent of the 87
largemouth bass fillets analyzed as part of thidysexceeded the state threshold of concern and
refuge-specific exceedance rates ranged from 62 fwercent at all refuges except Alligator
River NWR where no largemouth bass samples weteatet. Using the regression equation

for largemouth bass length versus mercury concgortranables us to estimate a size threshold
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below which consumption of fish is not likely togsent risks to the public (Figure 7). Based on
fillet mercury data from this study, fish smallBah 21 cm total length caught from refuge
waters generally should be safe to eat; howevergthal size limit of 35.6 cm (NCWRC 2007)
precludes consumption. Accordingly, a catch atehse fishery or limited consumption
(consistent with the State’s advisohytp://www.epi.state.nc.us/epi/fish/safefish.himsl

advised.

Centrarchid species collected from refuges areidered to be mid-trophic level consumers.
Because these species eat a varied diet (inclydiamdkton, algae, and small fish), they are
generally less likely to accumulate high levelsrarcury over time. Of the seven sunfish
species (black crappie, bluegill, flier, gizzard@hpumpkinseed, redear sunfish, and warmouth)
collected from study refuges, five individual saegp(or four percent of 121 samples total)
across all refuges exceeded the state actionfievelercury. Of the centrarchids, only the
dataset for bluegill was large enough to generateaningful regression relationship for fillet
mercury concentration versus fish length (Figurel@)general, bluegill caught on refuges that
are smaller than 36 cm total length should be feafthe public to consume. The recommended
range of sizes for consumption presented herdaaded to provide information for individuals
not included in sensitive groups (e.g., women dflblearing age, pregnant and nursing women,
or children) to minimize their potential healthksswvhen eating fish caught on NWRs; it does
not change the advice that sensitive individuataikhnot consume largemouth bass from refuge
waters or anywhere else in the state.

A small dataset for percid and ictalurid specigsts an evaluation of regression relationships to
determine size thresholds for safe consumptiono percid species, yellow perch and white
perch, were collected from Alligator River and PsicoLakes NWRs. Although perch were
collected in only limited numbers, half of the 2ihgples exceeded the state mercury action limit.
Both white and yellow perch readily feed at or nisarsubstrate surface with adults preying on
macroinvertebrates and small fishes (NatureSer@&)2hus promoting exposure to and
incidental ingestion of sediment-bound mercury.cédingly, dietary preferences may explain
elevated mercury levels found in percids relativether mid-trophic level species (e.g., sunfish)
collected in this study; however, the small datéisgts meaningful interpretation of exceedance
frequencies.

Catfish species are included in the current fighsaoption advisory for eastern North Carolina
waters; however, only four catfish fillet sampl&® percent overall) collected from refuges
exceeded the state threshold of concern. Becdubkeinclose association with the substrate,
the catfish diet is comprised of benthic invertédsasmall fishes, and occasionally plant
material (Thomas et al. 2007); accordingly, ict@lwpecies are potentially exposed to sediment-
bound mercury. Consistent with one of the origpralject objectives, catfish species were
collected from each refuge; however, sample sizre wmaller than desired at several refuges,
So it is not practical to determine appropriatesior low-risk consumption.

Fillet mercury concentrations were determined fe®weral locations at each refuge; however,
for most collection sites, insufficient samples &ebtained for each species to draw any
conclusions about location-specific differencefish mercury. Differences in fillet mercury
between each of the refuges included in the stoelg@ddent (Figures 6 through 10); however,
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meaningful comparison of species-specific mercatyvieen refuges is also hampered by small
datasets.

A comparison of historic fillet mercury levels (N®BQ 2007) in fish species collected from
waters on or adjacent to three refuges to resulta the present study is presented in Table 5.
Fillet mercury results are summarized for familgypings (ictalurids, centrarchids, and percids)
as well as a representative top predator speaagefihouth bass). Fillet mercury for fish
collected in the vicinity of Alligator River NWR raly exceeded the state action level and
median mercury concentrations appear relativelyranged from historic sampling results for
catfish and sunfish species. Small data sets et oonfounding factors (e.qg., differences in
fish sizes and specific collection locations), heere limit our ability to draw definitive
conclusions regarding trends in fish mercury cotretions at Alligator River. Likewise,

mercury in fillets from catfish and sunfish speaefiected from Mattamuskeet NWR for this
study appear to be reasonably comparable to histwedian fillet mercury concentrations (with
similar confounding factors). Median fillet merguwroncentrations and the rate of action level
exceedance for largemouth bass at Mattamuskeet BppRar to have more than doubled when
comparing results from prior sampling efforts togl from the current study despite inclusion of
larger fish in the historic datasets. The causaagasing fillet mercury concentrations at
Mattamuskeet NWR is not known. Limited water qiyadiata exist for the refuge and mercury
deposition data are limited to one nearby Natiégtaiospheric Deposition Program (NADP)
collection site (located at Pocosin Lakes NWR)peration since February 1996; no increasing
trends in mercury deposition or atmospheric mertengls have been noted during the period of
record of the mercury deposition network site (NABI®7). The size ranges of catfish species
collected at Pocosin Lakes NWR are similar betwiastoric and current sampling events, and
while median fillet mercury concentrations are samithe 98 percentile fillet mercury residue
and frequency of action level exceedance appeadicate an increase in mercury burdens over
time. Although some differences are evident betwsefish, perch, and largemouth bass
results from historic and present collections, theynot dramatic and do not appear to be
conclusive based on sample sizes, varied colle@tications, or fish sizes. Historic data were
not available from Pee Dee NWR for comparison.
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Table5. Comparison of historic and present fish filletncury concentrations for species
collected from waters on or adjacent to three Nati®Vildlife Refuges. The family grouping
for sunfish (Family Centrarchidae) includes all@ps of centrarchids except largemouth bass
(Micropterus salmoidgs Largemouth bass tissue residues were consideqtately in the

analysis. % Above Fish Size

Mercury Concentration (ppm wet weighfC Action

Range
Median 90" Percentile  Range Levef (cm)
Alligator River NWR"
This Study
Ictaluridsif = 7) 0.15 0.19 0.13-0.19 0 27.0-37.0
Centrarchidn(= 14) 0.19 0.30 0.12-0.34 0 16.8-19.5
Percidsr( = 1) 0.23 0.23 0.23 0 23
Largemouth basa (= 0) n/a n/a n/a n/a n/a
Historic Data
Ictaluridsif = 3) 0.05 0.08 0.03-0.09 0 32.0-42.0
Centrarchidsn(= 4) 0.16 0.20 0.08-0.21 0 17.5-22.6
Percidsr( = 0) n/a n/a n/a n/a n/a
Largemouth bass (n = 18) 0.21 0.39 0.13-0.57 6 0.5-32.0
M attamuskeet NWR®
This Study
Ictalurids i = 6) 0.08 0.29 0.05-0.29 0 20.9-48.0
Centrarchidsn(= 37) 0.17 0.24 0.09-0.46 3 15.0-27.5
Percidsr( = 0) n/a n/a n/a n/a n/a
Largemouth basa = 17) 0.58 0.90 0.24-0.92 82 22.5-29.4
Historic Data
Ictaluridsif = 7) 0.12 0.15 0.08-0.17 0 23.4-41.0
Centrarchidsn(= 13) 0.25 0.39 0.11-0.43 8 17.5-32.5
Percidsr( = 1) 0.07 0.07 0.07 0 19.8
Largemouth bass (n =133)  0.27 0.58 0.1-0.86 33 27.3-56.5
Pocosin L akes NWR®
This Study
Ictaluridsif = 18) 0.12 0.72 0.07-0.99 17 21.5-47.0
Centrarchidn(= 43) 0.21 0.35 0.09-0.46 5 15.2-22.1
Percidsr( = 19) 0.40 0.65 0.13-0.67 53 14.1-25.0
Largemouth basa = 50) 0.61 1.19 0.03-1.6 92 35.6-54.0
Historic Data
Ictaluridsif = 9) 0.11 0.21 0.08-0.38 0 21.5-47.0
Centrarchidsn(= 16) 0.31 0.53 0.11-0.61 31 17.5-24.6
Percidsi( = 2) 0.41 0.46 0.35-0.47 50 19.9-20.7
Largemouth bass (n = 53) 1.00 1.80 0.11-2.2 85 6.0-85.1

“NC Dept. of Health and Human Services action léveissuing fish advisories of 0.4 mg/kg methyl meyc Total
mercury results from this study were compared taribthyl mercury action level because most of meraufish
exists as methyl mercury.

b Collection dates: this study (Mar. & Nov. 2005)stbric data (Sept 1990, May 1994, Mar. 1995)
¢ Collection dates: this study (May & Jun. 2004)tdie data (Jan. & Feb. 1984, May 1991, Apr. 1997)

d Collection dates: this study (Aug.-Nov. 2004, Aaug. 2005, May 2006); historic data (May 1994, M&rJun. 1995
Jul. 2003)
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Piscivorous Wildlife Consumption

Dietary levels as low as 0.5 ppm-dry weight (~Qoinpwet weight) methylmercury have been
associated with adverse reproductive impacts tsite@ avian species (Heinz 1979; Eisler
1987). The USEPA used this value as the aviamatiexposure Lowest Observed Adverse
Effects Level (LOAEL) in the Mercury Report to Cargs (USEPA 1997). Sublethal effects of
methylmercury at this concentration in the dietafllards include reduced egg-laying,
production of fewer young, and hyperresponsivenégsung to fright stimulus. To approximate
a No Observed Adverse Effects Level (NOAEL) in wikdlife risk assessment portion of the
Mercury Report To Congress, USEPA divided this LQARy a LOAEL-to-NOAEL uncertainty
factor of 3 (USEPA 1997). These avian wildlifetdry mercury effects reference values are
similar to those used by USEPA in the Great LakegeNQuality Criteria Initiative. We used
the avian dietary LOAEL of 0.1 ppm-wet weight taaexine potential impacts to migratory birds
for measured whole body € 18) and approximated & 302) whole body (determined using a
fillet-to-whole body relationship for mercury detbad by Bevelhimer et al. 1997) fish mercury
concentrations. Sixty-seven percent of measubed Whole body mercury residues for species
collected across refuges exceeded the LOAEL faraglietary impacts; fish species with
mercury burdens exceeding the LOAEL included blareppie, brown bullhead, white catfish,
yellow perch, and largemouth bass. Estimated whotly mercury residues for species
collected from all four refuges also exceeded tOAEL for all species collected except gizzard
shad (Figure 11).
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Figure11. Average estimated whole body mercury concewtnati fish species collected from
four North Carolina National Wildlife Refuges. Baepresent maximum estimated whole body
mercury residue for each species.

Comparison of measured and estimated whole bolyresrcury residues to dietary toxicity
reference values is a conservative means of asgassks to piscivorous birds because it
considers exclusive consumption of fish prey byaavieceptors. A less conservative and
potentially more realistic assessment of pisciveraildlife risks could be achieved by modeling
mercury residues associated with piscivore orabsype routes (e.g., drinking water, food items,
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incidental soil/sediment ingestion, etc) and coasidy the foraging areas used by representative
receptors. Other avian effects data (beyond th&EIQ could also be evaluated; however, the
modeling approach is beyond the scope of this ptoje

Evaluation of Split Samples

Analysis of split samples was previously recommerndeallow for comparison of results
between the Service contract laboratory and thie $horatory. Ninety-six of the 305 samples
were processed in duplicate and analyzed by sgbatat NCDWQ and LET. A matched pairs
analysis of these data with the Wilcoxon Rankedi$&gt indicates the NCDWQ results are
significantly lower than those reported by LET. |&iee percent deviations among the samples
indicate the NCDWQ data are, on average, 18% |oaar corresponding concentrations
reported by LET; the magnitude of this differenbhewdd not markedly affect interpretation of
results given the normal analytical variabilityfish tissue mercury measurements.
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M anagement Recommendations

1. Mercury concentrations in fish fillets obtainedrfrdour NC NWRs indicate that catfish
(ranging from 0.01 to 0.99 ppm-ww) and sunfish ¢iag from 0.03-0.46 ppm-ww)
species are generally below the state action Fevessuing public health consumption
advisories. Half of the perch (ranging from 0.1870ppm-ww) and 84 percent of
largemouth bass (ranging from 0.03-1.6 ppm-wwefithercury residues exceeded the
state consumption action level.

a. Fillet mercury results for bluegill indicate thairssumption of individual fish
greater than 36 cm in length should be avoideditonnize public exposure risks.
Because bluegill rarely exceed 36 cm in length,trmaBviduals caught on
refuges are safe to eat. This is consistent welttiate’s fish consumption advice.

b. Consumption of individual largemouth bass gredtant35.6 cm in length (the
legal size limit for most refuge waters) is notaenended. Our data indicate
that only largemouth bass smaller than 21 cm igtlewould be generally safe
for consumption. The current legal size limit fargemouth bass (of 35.6 cm)
precludes consumption of smaller individuals. Adaagly, a catch and release
fishery or limited consumption (consistent with tate’s advisory:
http://www.epi.state.nc.us/epi/fish/safefish.htimsladvised.

c. Insufficient perch data are available to deternairséze threshold for safe public
consumption. Future data collection targeting pemecies is recommended in
order to provide refuge-specific guidance for canption.

d. The statewide fish consumption advisory issuechyNC Division of Public
Health (http://www.epi.state.nc.us/epi/fish/curtbtml) should be followed by all
refuge visitors. Current state advisory informatémd risk management
recommendations from this study should be post@dilar fishing locations on
each refuge.

2. Mercury concentrations in whole body samples inéiddhat the lower range of dietary
levels known to adversely affect sensitive aviaecggs was exceeded for all species
except bluegill and flier. Whole body mercury fgrecies estimated based on fillet
mercury residues also frequently (84 percent) ed@g@vian dietary toxicity thresholds.
The conservative risk screening of a limited wHmely sample dataset comprised of
multiple species presented here indicates poteani@dcts to avian productivity.

a. Measured whole body fish mercury burdens shoulsdoepled in the future if
mercury impacts to piscivorous wildlife are indieat

b. A comprehensive wildlife risk assessment (beyomdsitope of the current
project) including dietary input modeling and sfeecific exposure assessment
should be implemented if future wildlife mercurypacts are suspected.
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