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Abstract

Relatively little attention has been devoted to the risks from mercury in saltwater fish, that were
caught by recreational fisherfolk. Although the US Food and Drug Administration has issued
advisories based on mercury for four saltwater species or groups of fish, there are few data on how
mercury levels vary by size, season, or location. This paper examines total mercury levels in
muscle of bluefish (Pomatomus saltatrix) collected from coastal New Jersey, mainly by
recreational fishermen. Of primary interest was whether there were differences in mercury levels
as a function of location, weight and length of the fish, and season, and in what risk mercury posed
to the food chain, including people. Selenium was also measured because of its reported protective
effects against mercury. Mercury levels averaged 0.35+0.02 (mean and standard error) ppm, and
selenium levels averaged 0.37+0.01ppm (N = 206). In this study, 41% of the fish had mercury
levels above 0.3 ppm, 20% had levels above 0.5 ppm, and 4% had levels above 1 ppm. Size was
highly correlated with mercury levels, but not with selenium. While selenium levels did not vary
at all with season, mercury levels decreased significantly. This relationship was not due to
differences in the size of fish, since the fish collected in the summer were the smallest, but had
intermediate mercury levels. Mercury levels declined from early June until November, particularly
for the smaller-sized fish. While there were significant locational differences in mercury levels
(but not selenium), these differences could be a result of size. The levels of mercury in bluefish are
not sufficiently high to cause problems for the bluefish themselves, based on known adverse
health effects levels, but are high enough to cause potential adverse health effects in sensitive
birds and mammals that eat them, and to provide a potential health risk to humans who consume
them. Fish larger than 50cm fork length averaged levels above 0.3 ppm, suggesting that eating
them should be avoided by pregnant women, children, and others who are at risk.
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1. Introduction

While fish are an important source of protein for many people, fishing provides recreational,
cultural and aesthetic pleasures (Toth and Brown, 1997; Harris and Harper, 1998; Burger,
2000, 2002). High fishing rates occur in a wide range of cultures, including rural recreation
and within urban areas (Burger et al., 1999, 2001a, b; Bienenfeld et al., 2003), among Native
Americans (Harris and Harper, 1998, 2000; Burger, 1999; Burger et al. 2007a,b; Harper and
Harris 2008), and in other regions of the world (Burger et al., 2003). Further, within aquatic
ecosystems, fish play a key role in the food chain and community dynamics. Changes in fish
populations brought about by either contaminants or overfishing can have effects on prey
populations and their predators.

Fish are an excellent, low-fat source of protein that contributes to low blood cholesterol
(Anderson and Wiener, 1995). Fish contain omega-3 (n-3) fatty acids that reduce cholesterol
levels and the incidence of heart disease, stroke, and pre-term delivery (Daviglus et al.,
2002; Patterson, 2002). Yet levels of PCBs and mercury in some fish are high enough to
potentially cause effects on the fish themselves, on top-level predators, and on people (WHO
1989; NRC, 2000; Consumer Reports, 2003). In humans, levels of methylmercury are
sufficiently high in some fish to cause adverse health effects if consumed too often or in
large enough quantities (IOM, 1991, 2006; Grandjean et al., 1997; Gochfeld, 2003;
Hightower and Moore, 2003; Hites et al., 2004), particularly in offspring (Amin-zaki et al.,
1978; Crump et al., 1998; Steuerwald et al., 2000). Methylmercury can counteract the
cardioprotective effects of fish consumption (Guallar et al., 2002; Rissanen et al., 2000;
Salonen et al., 1995) and damage developing fetuses and young children (NRC, 2000),
leading to significant behavioral deficits in children (JECFA, 2003).

The major source of methylmercury for fish is from mercury that has been methylated after
atmospheric transport and precipitation or runoff, followed by food chain biomagnification
(Montiero et al., 1996; Downs et al., 1998). Fish consumption is the only significant source
of methylmercury exposure for the public (Rice et al., 2000). Communities that rely on fish
intake for daily nutrient sustenance may be at risk from chronic, high exposure to
methylmercury (Grandjean et al., 1997) as well as other persistent organic pollutants.
Similarly, high-end fish consumers, whether recreational or subsistence, are at risk from
mercury exposure (Hightower and Moore, 2003). The US Food and Drug Administration
(US FDA, 2001, 2005) issued a series of consumption advisories based on methylmercury
that suggested that pregnant women and women of childbearing age who may become
pregnant should limit their fish consumption, should avoid eating four types of marine fish
(shark, swordfish, king mackerel, tilefish), and should also limit their consumption of all
other fish to just 12 ounces per week (US FDA, 2001, 2003).

Considerable attention has been devoted to mercury levels in a wide range of freshwater
fish, where variations in pH can account for up to 70% of the variation in mercury levels
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(Haines et al., 1992, 1994; Watras et al., 1998), but less research has been devoted to marine
ecosystems (Legrand et al., 2005). Similarly, much of the data dealing with the effects of
fish size on mercury levels comes from freshwater fish. Yet for many coastal states,
consumption of saltwater fish is an important potential source of mercury exposure that has
been largely ignored until recently.

In this study the levels of total mercury and selenium in bluefish (Pomatomus satlatrix) from
coastal New Jersey are examined as a function of location, size, and season Levels of
selenium were analyzed because selenium is thought to be protective for mercury exposure,
either by protecting against the harmful effects, or affecting absorption of mercury (Satoh et
al., 1985). Fish are an important dietary item of the people living along coastal New Jersey,
and people often freeze bluefish for consumption at all times of the year (Pottern et al.,
1989; Burger, 2005; Gobeille et al., 2005). It is therefore important to understand how to
reduce the risk from mercury. While newer techniques, such as fin clips (Rolfhus et al.,
2008) offer nonlethal methods for monitoring mercury in fish, it remains important to
actually test fish that people are catching and eating.

2. Methods

Bluefish were collected from several sites along the New Jersey shore (Fig. 1), mainly from
recreational fisherfolk who were either fishing individually or were taking part in fishing
tournaments. In many coastal regions there are a number of fishing tournaments that focus
on bluefish. Fish from tournaments were either taken home for consumption by the families
of the fishermen, or were donated to orphanages or other facilities. In addition, some
bluefish were collected from the NJ Department of Environmental Protection trawls; these
samples were collected to obtain fish smaller than the legal size limit allowed.

Fish were kept in coolers, covered with ice, brought to the Environmental and Occupational
Health Sciences Institute (EOHSI) of Rutgers University where they were immediately
frozen and subsequently dissected for analysis. At EOHSI, a 2 g (wet weight) sample of fish
tissue was digested in ultrex ultrapure nitric acid in a microwave (MD 2000 CEM), using a
digestion protocol of three stages of 10 min each under 50, 100 and 150 Ib in.2 (3.5, 7, and
10.6 kg/cm?) at 80x power. Digested samples were subsequently diluted in 100 ml
deionized water. All laboratory equipment and containers were washed in 10% HNO?3
solution and deionized water rinse prior to each use (Burger et al., 2001a).

Mercury was analyzed by the cold vapor technique using the Perkin EImer FIMS-100
mercury analyzer, with an instrument detection level of 0.2 ng/g, and a matrix level of
quantification of 0.002 pg/g. Selenium was analyzed by graphite furnace atomic absorption,
with Zeeman correction. All concentrations are expressed in parts per million (ppm = pg/g)
on a wet weight basis. Many studies have shown that almost all of the mercury in fish tissue
is methylmercury, and 90% is a reasonable approximation of this proportion (Duffy et al.,
1999), which does vary somewhat among fish types and laboratories, but not by age of the
fish (Lansens et al., 1991). However, Bloom (1991) reported that over 95% of mercury
present in fish is methylmercury, and that lower levels may have been biased by analytical
and homogeneity variability.
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A DORM-2 Certified dogfish tissue was used as the calibration verification standard.
Recoveries between 90% and 110% were accepted to validate the calibration. All specimens
were run in batches that included blanks, a standard calibration curve, 2 spiked specimens,
and one duplicate. The accepted recoveries for spikes ranged from 85% to 115%; no batches
were outside of these limits. 10% of samples were digested twice and analyzed as blind
replicates (with agreement within 15%). For further quality control on mercury, the
laboratory periodically runs a random subset of samples in the Quebec Laboratory of Public
Health; the correlation between the two laboratories is over 0.90 (p<0.0001, see Burger and
Gochfeld, 2004).

Multiple regression procedures were used to determine if tissue, length, weight or age
contributed to explaining the variations in amount of mercury in samples (PROC GLM,
SAS, 1995). The procedure adds the variable that contributes the most to the R2, then adds
the next variable that increases the R? the most, continuing until all significant variables are
added. Thus, variables that vary colinearly are entered only if they add independently to
explaining the variation. Size and weight were used as continuous variables, although we
present size data by class in the figures and tables. Kruskal-Wallis non-parametric one-way
analysis of variance (generating a y? statistic) was used to examine differences among
tissues and size measurements. Kendall correlations were used to examine relationships
among metals and size variables. The level for significance was designated as p<0.05.

For the 206 fish examined in this study, mercury levels averaged 0.35+0.02 ppm, and
selenium levels averaged 0.37+0.01 ppm. In this study, 41% of the fish had mercury levels
above 0.3 ppm, 20% had levels above 0.5 ppm, and 4% had levels above 1 ppm. The model
explaining the most variation in mercury levels (F = 49.1, p<0.0001) in bluefish accounted
for 64% of the differences by weight (F = 14.3, p<0.0002) and season (F = 9.0, p<0.0002).
No model was significant in explaining variations in selenium levels in bluefish, and there
was no significant variations as a function of catch location, fish size or season (see tables
below).

Size (length and weight) was highly correlated with mercury levels in bluefish, but not with
selenium (Table 1). As expected, length and weight were also highly correlated. By
inspection, there seemed to be two plateaus in mercury levels in bluefish (Fig. 2). Fish less
than 25cm in fork length had lower levels than those between 26 and 50 cm, but thereafter
levels increased quickly (Fig. 2). As might be expected, variation in mercury levels
increased with fish size. Selenium levels remained relatively constant with size of the fish.

While selenium levels did not vary at all with season, mercury levels decreased significantly
from June until November (Table 2; bluefish are not fished in the other months). This
relationship is not due only to differences in the size of fish, since the fish collected in the
summer were the smallest, but had intermediate mercury levels. Examining the data by size
categories indicates that for smaller fish that were available throughout the sampling period,
mercury levels declined seasonally: For 11-30cm fork length, r = —=0.2 (p<0.04) and for fork
length 31-50, r = -0.2 (p<0.009) (Fig. 3). Intermediate-sized fish (51-70cm fork length)
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were available only in the spring and fall, and large fish (over 71cm fork length) were only
available (to fishermen) in the spring (Fig. 4). This is a result of the larger bluefish moving
offshore after the spring (see Section 4).

Although there were significant locational differences in mercury (but not selenium) levels,
when this factor is examined alone, these differences could be a result of size (Table 3).
Further study is required to examine locational differences since the ratio of mercury to fork
length was higher (0.8) for fish caught in central New Jersey than in the other locations
(0.6).

Additionally, there were significant yearly differences when the data are combined within a
year (regardless of size or collection location (Table 4). However, when mercury levels are
considered as a function of size class (Table 5), yearly differences are not significant.

4. Discussion

4.1. Mercury levels and fish size

In general, mercury levels increase with the size and age of the fish (Lange et al., 1994;
Bidone et al., 1997; Burger et al., 2001a; Pinho et al., 2002; Green and Knutzen, 2003),
however, this is not always the case (Stafford and Haines, 2001). At low mercury levels, the
size relationships may not hold (see Park and Curtis, 1997). Further, Trudel and Rasmussen
(1997) found that elimination rate is negatively correlated with size, suggesting another
reason for larger fish to have significantly higher mercury levels. Most of the studies that
have examined the relationship between size and mercury levels have concentrated on
freshwater fish, and few have dealt with large marine predatory fish. However, Storelli et al.
(2002) reported that size and mercury levels were highly correlated for swordfish (Xiphias
gladius) and bluefin tuna (Thunnus thynnus) from the Mediterranean Sea. Although
yellowfin tuna (Thunnus albacares) showed a positive relationship between mercury and
size (length and weight), albacore tuna (Thunnus alalunga) did not (Fiji, 2006). Luten et al.
(1987) found a positive correlation between size and mercury content in Atlantic cod.
Alexander et al. (1973) reported a correlation between weight and mercury concentrations
for bluefish and striped bass off Montauk Point on Long Island. Usually the age of
individual fish is unknown, and size is used as a surrogate for age (Boening, 2000).
However, Braune (1987) found that in known-aged herring (Clupea harengus harengus),
mercury level was more strongly correlated with age than with weight or length. In a study
of Pacific cod (Gadus macrocephalus), Burger and Gochfeld (2007¢) found that age was the
variable that first entered the regression model explaining variation in mercury levels. In the
present study, mercury levels varied significantly by size (age information was not
available), and mercury levels showed a greater increase in bluefish over 50cm in fork
length. These data clearly indicated that mercury exposure to humans and other top-level
predators can be reduced by eating smaller fish. It also indicates, however, that scavengers
that eat large fish could be at risk (see below).

There was no correlation between size and selenium levels in bluefish, and Pakkala et al.
(1972) also did not find any correlation between size and selenium levels in striped bass
(Morone saxatilis).
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4.2. Seasonal, yearly and locational differences

There were significant seasonal differences in mercury levels in bluefish, both when
examined overall for all fish caught, but also within size classes. For fish less than 50cm
fork length, mercury levels decreased with season in the fish collected in this study from
New Jersey. With larger fish the differences were less clear, partly because of the inability to
catch bluefish of larger sizes during all seasons (refer to Fig. 3). The largest bluefish were
only available in the late spring, and intermediate fish were not available (“catchable”) in
mid-summer. This reflects their migration patterns. Most North American bluefish are
migratory, spending their summers in the north, and their winters around Florida and the
Gulf Stream (Pottern et al., 1989; Adams et al., 2003). The larger fish move into the bays
and estuaries in late spring (early summer), spawn in the bays and estuaries, and move
offshore, while schools of intermediate-sized fish and smaller fish remain inshore in bays,
estuaries and marsh creeks (Able and Fahay, 1998; Neuman et al., 2004).

While there were significant locational differences in mercury levels in the bluefish
collected in New Jersey, these may be mainly a result of differences in size and season.
Similarly, methylmercury levels in 46 bluefish from Long Island Sound averaged
0.14+0.06ppm (Hammerschmidt and Fitzgerald, 2006), while those from northern New
Jersey averaged 0.32+0.03ppm (this study). While the levels in the northern New Jersey fish
are clearly higher than those reported from Long Island Sound, the differences may partly be
related to size of the fish. To tease apart these differences requires a study to obtain the same
size fish at every location and time in the season, a protocol that would require extensive
capture by trawl, rather than by recreational fishermen.

Although there were yearly variations in mercury levels when all fish are considered
together, these differences disappeared when fish were considered by size class. This clearly
indicates that contaminants data in bluefish, and perhaps other fish, should always be
examined as a function of size class, and not just all sizes combined.

4.3. Risk to the food chain

Methylmercury in fish pose a risk both to the fish themselves, and to their predators. In fish,
dietary uptake probably accounts for more that 90% of the total uptake (Wiener et al., 2003),
and the assimilation efficiency dietary uptake of methylmercury is 65-80% (Wiener and
Spry, 1996). Methylmercury is a neurotoxin in fish, and at toxic levels can cause lack of
coordination, diminished appetite, inability to feed, diminished responsiveness, lowered
swimming activity, starvation, and mortality (Wiener et al., 2003). In the fish themselves,
muscle levels of 5-20ppm are associated with toxicity (Wiener et al., 2003). Differences in
sensitivity relate to species of fish, bioavailability, and bioaccumulation rate (Niimi and
Kissoon, 1994). The mean mercury level of 0.35ppm in bluefish in this study was well
below these levels, indicating that the fish themselves are not at risk from mercury.

Much of the methylmercury in fish accumulates in skeletal muscle, which is protective for
the fish itself because the mercury exposure to the central nervous system is reduced
(Wiener and Spry, 1996). However, mercury concentrations in muscle are available to
predators, including humans, that eat fish. And since the mercury then accumulates in larger
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and larger fish, mercury magnifies as it moves up the food chain (to humans or other top-
level predators). Mercury toxicity is also affected by temperature, salinity, dissolved oxygen
and water hardness (Boening, 2000). The critical effects levels for consumption by
piscivorous mammals are 0.1 ppm, and for birds are 0.02ppm (Yeardley et al., 1998),
although seabirds are generally less sensitive (Furness, 1996). The mean mercury levels in
the bluefish from New Jersey (0.35+0.02ppm in muscle) are clearly higher than the levels
known to pose a problem for sensitive birds or mammals that scavenge them along the
shore, or for sensitive marine mammals.

Finally, the protective effects of selenium on mercury toxicity have been known for over a
quarter of a century (Ganther et al., 1972; Kim et al., 1977; Ringdal and Julshamn, 1985).
Levels of mercury and selenium are correlated in some studies (Eisler, 1985; Kuehl and
Haebler, 1995; Wagemann et al., 1996), and this was also the case for the NJ bluefish,
although the correlation was low. It should be noted, however, that as mercury levels rise,
selenium does not, and the ratio of mercury to selenium becomes higher in the larger fish,
which could potentially increase the risk of toxicity from methylmercury.

4.4. Risk to humans

The USFDA action level for methylmercury in fish is 1.0 ug/g (ppm w/w), but this is a
regulatory action level, rather than a risk level (US FDA, 2001). Originally the FDA had set
0.5ppm as the action level, comparable to many other nations (reviewed in Burger and
Gochfeld, 2004). In contrast, the critical value for human consumption used by the US EPA
is 0.2ppm (Rothschild and Duffy, 2002). The United Kingdom and the European Union
have established criteria for certain metals in fish (e.g. the level for mercury is 0.5ppm in
edible fish, with up to 1ppm allowed for certain exempt fish species, all of which are
predatory). China has set standards for methylmercury in canned fish (ppm wet weight) of
0.5ppm (except 1ppm is allowed in shark, sailfish, tuna, pike and other high-mercury fish).
In 1982, the European Commission set an Environmental Quality Standard for mercury; the
mean concentration in mercury of a representative sample of fish shall not exceed 0.3ppm
(wet weight). The US EPA (2001) promulgated 0.3ppm as an ambient freshwater quality
standard in 2001. Muscle in the bluefish in this study averaged about 0.35 ppm, with 41% of
the bluefish having levels above 0.3 ppm. The data from this study indicate that it would be
wise to avoid eating bluefish above 50cm fork length (ca. 20 in.), which is a number that
could be clearly presented to the public.

Risk assessments for fish consumption generally examine chronic exposure, and not a single
meal. However, Ginsberg and Toal (2000) have suggested that there may be risk during
pregnancy for even a single-meal exposure, particularly for fish with levels of over 2.0 ppm.
The risk from a pulsed exposure should also be examined, particularly its impact on a
developing fetus at a critical developmental period. In the present study, 4% of fillets of
bluefish were above 1 ppm, clearly a risk to consumers. The percent of fillets that were
above 0.5ppm are also reported because of the need to know the percent of times an
exposure in a single meal may approach the tolerable daily intake (Berti et al., 1998).
Providing information on risk from single-meal exposures, especially for pregnant women,
is a risk communication challenge that should be considered by the FDA. Egeland and
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Middaugh (1997) have called attention to the countervailing nutritional importance of fish,
which increases the importance of identifying suitable local fish with low contaminant
levels, especially during pregnancy. It is a matter of risk balance (Gochfeld and Burger,
2005; 10M, 2006).

4.5. Risk management

Bluefish are an important sport and commercial fish in New Jersey and along the
northeastern United States (Burger, 2005), and bluefish are available in over 80% of the
supermarkets and fish markets in New Jersey (Burger et al., 2004, 2005). In the lower
Hudson River area (NY/NJ harbor estuary), 64% of the anglers eat bluefish (Gobeille et al.,
2005). It is thus of some interest to understand how mercury levels vary in bluefish by size,
location and season to provide useful information to consumers, many of whom eat bluefish
regularly. Providing people who fish and consume self-caught fish with information on
mercury levels is thus of public health importance. In this paper data are provided on
mercury levels as a function of fish size, location where caught, and season because people
are not consistent in the sizes of fish they eat or where they caught them. Catching fish for
tournaments is a big sport in New Jersey and elsewhere along the east coast, which results in
people bringing back the largest fish they catch. Since people often bring back more fish to
eat than “the big one”, a public health campaign aimed at providing information on the
effect of size might be effective. This is complicated by the fact that bluefish often travel in
schools of the same age or size, and fisherfolk who come upon such a school might well
catch only large or medium-sized fish. The desire to continue catching (and keeping) large
fish needs to be overcome to reduce consumption of large-sized bluefish. Thus, it would be
possible for a pregnant woman to have several meals in a row from large-sized bluefish at
the high end of mercury exposure. It should also be mentioned that there is an advantage to
bluefish populations of leaving the larger fish to ensure that they breed; thus catching (or
keeping for consumption) only the smaller fish both reduces the risk of mercury toxicity to
people, but aids in population viability of bluefish.

However, there is also additional room for public health risk management since the data in
this paper show clear differences as a function of season, even within the same size fish.
Bluefish had higher levels of mercury in the spring than in the fall. These data thus suggest
that smaller bluefish should be specifically targeted for consumption in the spring, and that
smaller fish caught in the fall could wisely be frozen for later consumption, or both. While
many of the fishermen and women were aware that contaminant levels were often higher in
larger fish, no one was aware that mercury levels might vary by season, even in the same-
sized fish.

In conclusion, fish consumption is a matter of risk balancing (Egeland and Middaugh, 1997;
Egeland et al., 1998; Ponce et al., 2000; Gochfeld and Burger, 2005). There are clearly both
benefits and risks from fish consumption, and the public should be provided with as much
information as possible to allow them to maximize the positive health benefits, while
minimizing the risks from contaminants (IOM, 2006). The availability of information on
how mercury varies in fish (size, season, fishing location) can be valuable, especially for
pregnant women and others at high risk, in reducing their mercury exposure while still
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consuming fish. To be effective, development of risk communication tools should involve
scientists, health professionals, regulators, and the general public (Jardine et al., 2003; Knuth
et al., 2003; Burger et al., 2005). But such communications must be informed by data on
how mercury varies within each species of fish.
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Map showing the locations of sampling for bluefish from New Jersey (2005-2008).
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Relationship of length (fork length), selenium levels, and mercury levels (ppm, wet weight)

for bluefish caught in New Jersey (2005-2008).
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Mean mercury levels (ppm, wet weight) as a function of season for four size classes of
bluefish collected in New Jersey (2005-2008).
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Correlation of size and contaminant levels in bluefish caught in New Jersey (2005-2008).

Table 1

All bluefish, N = 206

Mercury Selenium Length Weight

Mercury
Selenium

Length

Weight

womwsxxxxx 014 (0.003)  0.49 (<0.0001)  0.51 (<0.0001)
0.03 (NS) 0.04 (NS)
0.90 (<0.0001)

Given are Kendall tau correlations (p values are in parentheses).
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