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Abstract: Fish consumption advisories are used to inform citizens in the United States about noncommercial game fish with hazardous
levels of methylmercury (MeHg). The US Environmental Protection Agency (USEPA) suggests issuing a fish consumption advisory
when concentrations of MeHg in fish exceed a human health screening value of 300 ng/g. However, states have authority to develop their
own systems for issuing fish consumption advisories for MeHg. Five states in the south central United States (Arkansas, Louisiana,
Mississippi, Oklahoma, and Texas) issue advisories for the general human population when concentrations of MeHg exceed 700 ng/g to
1000 ng/g. The objective of the present study was to estimate the increase in fish consumption advisories that would occur if these states
followed USEPA recommendations. The authors used the National Descriptive Model of Mercury in Fish to estimate the mercury
concentrations in 5 size categories of largemouth bass–equivalent fish at 766 lentic and lotic sites within the 5 states. The authors found
that states in this region have not issued site-specific fish consumption advisories for most of the water bodies that would have such
advisories if USEPA recommendations were followed. One outcome of the present study may be to stimulate discussion between
scientists and policymakers at the federal and state levels about appropriate screening values to protect the public from the health hazards
of consuming MeHg-contaminated game fish. Environ Toxicol Chem 2016;35:247–251. # 2015 SETAC
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INTRODUCTION

Methylmercury (MeHg) is an environmental toxin that
contaminates freshwater fisheries throughout the United
States [1–3]. Humans are exposed to MeHg when they consume
fish, especially large predatory fish [4]. Fish consumption
advisories are used to inform US residents about noncommer-
cial game fish with hazardous levels of MeHg [5,6]. States,
territories, and tribal agencies have primary responsibility for
issuing site-specific fish consumption advisories that recom-
mend limiting or avoiding consumption of fish from water
bodies [5,6]. As of 2011, all states had issued fish consumption
advisories because of high levels of MeHg in fish [7].

For issuance of fish consumption advisories, the US
Environmental Protection Agency (USEPA) recommends
that government agencies survey local waters to identify fish
species that have concentrations ofMeHg above predetermined
screening values [5,8]. A screening value represents the
concentration of a contaminant, such as MeHg, in fish that is of
potential public health concern [5,8]. For MeHg, the USEPA
suggests issuing a fish consumption advisory when concen-
trations in fish exceed a human health screening value of
300 ng/g [6,9]. Because MeHg concentrations are positively
correlated with fish size [10], the USEPA also recommends
collecting a range of sizes of fish and issuing advisories based
on fish length [5].

The USEPA recommendations for issuing fish consumption
advisories do not constitute a regulatory requirement, and states

have authority to develop their own systems for issuing fish
consumption advisories for MeHg [5]. Although many states
use the USEPA screening value of 300 ng/g for MeHg, some
states do not follow the USEPA recommendations and instead
issue site-specific consumption advisories only when MeHg
concentrations exceed higher levels, up to 1000 ng/g. The
implication of this disparity between the USEPA’s suggested
screening value and some state advisory thresholds is that many
water bodies that would have fish consumption advisories
according to the USEPA recommendations do not currently
have them.

The present study focused on site-specific fish consumption
advisories in Arkansas, Louisiana, Mississippi, Oklahoma, and
Texas. In these states, many water bodies contain fish that are
highly contaminated with MeHg as a result of elevated levels of
atmospheric mercury (Hg) deposition [1]. These states do not
follow the USEPA recommendations but instead issue fish
consumption advisories for the general human population when
MeHg concentrations in fish exceed 700 ng/g to 1000 ng/g
(Supplemental Data, Table S1). The objective of the present
study was to estimate the percentage of water bodies in this
5-state region that do not have fish consumption advisories but
would have advisories if the states applied theUSEPA screening
value of 300 ng/g.

METHODS

In the present study, we focused on site-specific fish
consumption advisories for largemouth bass (Micropterus
salmoides). Largemouth bass is a widely distributed [11] and
economically important species of freshwater game fish [12]. It
is a recommended target species for state fish contaminant
monitoring programs [5], and it is commonly included in
databases of contaminants in fish tissues [3]. Adult largemouth
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bass are piscivorous top predators that have high MeHg
concentrations relative to other fish species [3,13].

Because MeHg concentrations in fish are positively
correlated with fish length [10], the USEPA recommends
taking fish size into account when issuing fish consumption
advisories [5]. Therefore, in the present study, we examined
MeHg in 5 sizes of largemouth bass corresponding to fisheries
size designations from Gabelhouse [14]. The 5 categories and
the associated minimum total lengths were stock (20 cm),
quality (30 cm), preferred (38 cm), memorable (51 cm), and
trophy (63 cm). We examined the 5 size categories of
largemouth bass from each site, recognizing that water bodies
have different state-issued size limits on harvested fish (e.g.,
minimum-length and slot-length limits [15]), and some sizes
of largemouth bass may not be legally harvestable. In
addition, the largest size categories of largemouth bass are
rare and may not occur in all water bodies (e.g., Hungerford
et al. [16]).

For the present study, we used the dataset of Hg
concentrations in largemouth bass in Drenner et al. [1]. The
dataset in Drenner et al. [1] included data on Hg concentration in
largemouth bass from the National Fish Data Base [17],
supplemental data from state agencies [1], and additional
analyses of largemouth bass from Texas [18]. The dataset in
Drenner et al. [1] consists of 18 919 fish samples collected over
the period 1969 to 2010 (95% of the fish samples were collected
between 1990 and 2010). Fish were collected from a variety of
water body types that included lentic (e.g., oxbow lakes,
reservoirs, human-made ponds) and lotic (e.g., creeks, rivers,
streams, bayous) sites.

It can be difficult, and in some cases impossible, to collect
fish of the same size from different sites over large regions [17].
To help with this problem, the US Geological Survey, in
cooperation with the National Institute of Environmental Health
Sciences, developed a statistical model using fish Hg
concentration data from the National Listing of Fish and
Wildlife Advisories dataset [17]. The model can be used to
estimate Hg concentrations in sizes of fish that might occur at a
site but were not sampled during the sampling event for that
site [17]. In the present study, we specifically used the model
(now called the National Descriptive Model of Mercury in
Fish [17]) to estimate Hg concentrations in 5 size categories of
largemouth bass–equivalent fish at each sampling site. The
model output is total Hg concentrations in fish.We assumed that
100% of total Hg was MeHg in largemouth bass because
Bloom [19] estimated that MeHg accounted for at least 95% of
the total Hg in several species of fish, including largemouth
bass. The USEPA [5] recommends analyzing total Hg in fish
tissues as a proxy for MeHg.

Because largemouth bass were collected from some sites at
different times and from different locations within a site, the
model estimated multiple largemouth bass–equivalent fish
values for some sites. To calculate a single largemouth bass–
equivalent fish value from these sites, we averaged across time
and location. If fish were collected from multiple locations
within a lentic site (i.e., lake or reservoir), all largemouth
bass–equivalent fish values from that lentic site were averaged
to produce a single largemouth bass–equivalent fish value for
that lentic site. If fish were collected from multiple locations
within a lotic site (i.e., river, stream bayou), all values from
largemouth bass–equivalent fish collected within 1 km of each
other were averaged. This resulted in largemouth bass–
equivalent fish values for 766 lentic and lotic sites within the
5 states (Supplemental Data, Figure S1).

We used a multistep approach to estimate the percentage of
sites that would need new advisories if states followed the
USEPA recommendations. For each size category of large-
mouth bass, we identified the sites in the database where
concentrations of MeHg in largemouth bass exceeded 300 ng/g
and classified these as sites that would have advisories if states
followed the USEPA recommendations (Figure 1A). Using
state websites (Supplemental Data, Table S2), we then identified
which of the sites in Figure 1A currently have a state-issued
advisory for either largemouth bass or for the entire fish
community (Figure 1B). To calculate the number of sites that
would need new advisories if the states followed USEPA
recommendations (Figure 1C), we subtracted the number of
sites that currently have state-issued advisories (Figure 1B)
from the number of sites that would have advisories if states
followed USEPA recommendations (Figure 1A). Finally, for
each size category of largemouth bass, we calculated the
percentage of sites where a new advisory would be needed if
the states followed USEPA recommendations by dividing the
number of sites that would need new advisories (Figure 1C) by
the total number of sites in the database (n¼ 766; Supplemental
Data, Figure S1) and multiplying by 100.

Some of the sites that we determined would need new
advisories if states followed USEPA recommendations
(Figure 1C) have fish with concentrations of MeHg above the
states’ advisory thresholds. Thus, the absence of an advisory
could be caused not only by states not using the USEPA
screening value but also by states not issuing an advisory for
sites with fish above the states’ own MeHg threshold. To
examine this, we determined the number of sites in
Figure 1C that exceeded state thresholds but for which an
advisory was not issued (Figure 1D). For each size category of
fish, we then calculated the percentage of sites where the
concentration of MeHg in largemouth bass exceeded state
thresholds but for which an advisory was not issued by dividing
the number of sites where the states did not issue advisories
(Figure 1D) by the total number of sites in the database (n¼ 766;
Supplemental Data, Figure S1) and multiplying by 100.

RESULTS

We found that the 5 states in the south central United States
examined in the present study have issued fish consumption
advisories for fewer than one-half of the water bodies that would
have advisories if the USEPA recommendations were followed.
For example, we found that the number of sites in the database
that would have advisories if states followed the USEPA
recommendations ranged from 149 to 693 sites for stock-sized
to trophy-sized fish, respectively (Figure 1A). The number of
these sites that currently have state-issued advisories following
state guidelines ranged from 69 to 195 sites for stock-sized to
trophy-sized fish, respectively (Figure 1B), resulting in 80 to
498 sites that would need new advisories for stock-sized
to trophy-sized fish, respectively, if states followed the USEPA
recommendations (Figure 1C). There were 0 to 184 sites for
stock-sized to trophy-sized fish, respectively, that exceeded
state thresholds but for which an advisory was not issued by the
states (Figure 1D).

The percentage of sites needing new advisories if the states
followed USEPA recommendations would range from 10% to
65% for stock-sized to trophy-sized fish, respectively (Figure 2).
The percentage of sites that exceeded state thresholds but for
which an advisory was not issued ranged from 0% to 24% for
stock-sized to trophy-sized fish, respectively (Figure 2). The
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potential impact of following the USEPA recommendations on
fish advisories in the region is represented by the difference
between the percentage of sites needing new advisories if the
states followed the USEPA recommendations and the percent-
age of sites where MeHg concentrations in fish exceeded state
thresholds but for which an advisory was not issued (Figure 2).
For example, there would be a 10% increase in the number of
advisories needed for stock-sized fish and a 41% increase for
trophy-sized fish after accounting for the percentage of sites
where MeHg concentrations in fish exceeded state thresholds
but for which an advisory was not issued (Figure 2).

DISCUSSION

The present study is the first to examine the effect of states
not following the USEPA’s recommended screening value. We
found that the 5 states examined in the present study have issued
fish consumption advisories for fewer than one-half of the water
bodies that would have advisories if the USEPA recommen-
dations were followed. Our analyses also indicate that the need
for fish consumption advisories would be greatest for the largest
size categories of fish. Up to 65% of the sites in our database
would need new advisories for trophy-sized fish if the USEPA
recommendations were followed.

Our database of 766 sites is a small subset of the water bodies
in the region, and the percentages reported in Figure 2 can be

considered a proxy for the percentage of water bodies in the
5-state region that would need new advisories if the USEPA
recommendations were followed. For example, our database
includes only 350 lentic water bodies, whereas there are 3568
lentic water bodies with surface areas >1 km2 in the 5 states
examined in the present study [20]. This suggests that the
number of sites that would need new advisories if states
followed the USEPA recommendations may be much greater
than the number estimated using our dataset.

The USEPA recommends that state agencies issue fish
consumption advisories based on the analysis of multiple size
classes of fish and that states should give size-specific advice on
contaminant concentrations as appropriate [5]. In practice, it is
difficult for state agencies to collect a wide range of size classes
of fish from each site. Although small fish are abundant and
readily captured, large fish, especially memorable-sized and
trophy-sized fish, are rare and difficult to capture (e.g.,
Hungerford et al. [16]). This may in part explain why the
percentage of sites where advisories were not issued according
to state guidelines increases with fish size (Figure 2). Modeling
tools, such as the National Descriptive Model of Mercury in
Fish [17], might be useful to estimate Hg concentrations in all
sizes of fish even when states are unable to collect a complete
size range of fish. Model estimates could also be used to
determine when additional sampling by states might be
warranted.

Figure 1. Sites in the south central United States that (A) would have advisories if the US Environmental Protection Agency (USEPA) recommendations were
followed, (B) currently have state-issued advisories, (C) would need new advisories if the USEPA recommendations were followed, and (D) exceeded state
thresholds but for which no advisory has been issued by the states for 5 size categories of largemouth bass. TL¼ total length.
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As an alternative to site-specific advisories, states can issue
statewide fish consumption advisories. Statewide fish consump-
tion advisories place all water bodies in the state under
advisory [7]. Although statewide advisories would inform the
public about potential MeHg contamination in fish, they would
create another problem in that sites with fish below the USEPA
screening value would be erroneously characterized as having
fish with hazardous levels of MeHg. Because of the high
nutritional content of fish, the restriction or removal of fish from
the diet could itself introduce health risks [8,21]. In addition,
limiting fish in the diets of indigenous populations may have
social and cultural impacts [8]. Unwarranted advisories could
also reduce angler use of water bodies and potentially cause
economic impacts to surrounding business and property
owners [22,23]. However, because of the widespread nature
of Hg contamination and the large number of water bodies in
this region, many of which have never been sampled, statewide
advisories may be an effective approach to inform citizens about
fish with hazardous levels of MeHg.

In conclusion, many fisheries in the south central United
States contain fish with hazardous concentrations of MeHg.
Although fish consumption advisories are used to inform the
public about MeHg-contaminated fish, they are considered by
many policy makers to be an interim public health neces-
sity [23]. However, fish consumption advisories for MeHg will
have to be used for the foreseeable future, because human
activities continue to result in Hg emissions of approximately

2000 metric tons/yr [24]. Even if national regulations, such as
the Mercury Air Toxics Standards [25], and international
efforts, such as theMinamata Convention [26], are successful at
reducing Hg emissions, Hg previously deposited and reemitted
may keep cycling in the environment for thousands of
years [27,28]. Thus, fish consumption advisories will continue
to be an important tool to advise the public about the hazards of
MeHg-contaminated fish. Because of the disparity between the
USEPA’s suggested screening value and some state advisory
thresholds in the south central United States, there are likely
thousands of water bodies without fish consumption advisories
that would have such advisories if the USEPA recommenda-
tions were followed. One outcome of the present study may be
to stimulate discussion between scientists and policy makers at
the federal and state levels about appropriate screening values to
protect the public from the health hazards of consuming MeHg-
contaminated game fish.

Supplemental Data—Supplemental Data are available on the Online Wiley
Library at DOI: 10.1002/etc.3185.
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