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Mercury in Sharks

Background
1.1 Mercury as a global issue

Mercury (Hg) has been a serious problem for hunmahegological health for the past
few decades. It is a natural element that has beele more available because human activities
cause its remobilization. Mercury air emissionsegated by coal-fired power plants and other
coal-burning facilities, municipal waste incinenatoand chlor-alkali plants have contributed to
environmental levels averaging 3-5x higher tharséhorior to 1900. Global cycling of Hg
increases the problem and connects worldwide atidme long-range transport of Hg can
therefore seriously impact areas remote from incstctivities. For example, Hg levels in
remote Arctic populations of ringed seals and belbales are quite elevated and have
increased 2-4x over levels in the 1980s. Othercgsusuch as Hg mining, use of Hg for
extracting gold, and ill-managed landfills furthetroduce Hg into the environment through
waterborne point sources.

Increased environmental levels of Hg have beenraatating in the water, fish, wildlife,
and people at a rate that is exceeding naturelisiedto make it less available. Mercury is a
neurotoxin; low levels over time cause subtle nlgical and immunological effects that
accumulate into behavioral and sometimes reprodrietnd survival impacts. Mercury
emissions are commonly linked to emissions of sutiitrogen, and carbon dioxide, which all
further enhance mercury toxicity through directratirect chemical reactions in the
environment. For example, sulfur emissions arebtises for acid rain and acidic environments
are most sensitive to increased mercury methylat@aldeira and Wickett (2003) provide
compelling evidence that “the coming centuries &g more ocean acidification than the past
300 million years.” With the projected increasésnercury emissions in China at 5% per year
(Zhang et al. 2001) what will this mean for incre@dsnethlymercury availability in the world’s
oceans?

Although elevated environmental Hg levels have heieely realized, efforts to curb
emissions are only recent by some countries (hagl).S. and Canada). Suitable national
regulations remain elusive, although the U.S. ERZdp and Trade Rule is a beginning to more
structured emissions from U.S. coal-burning faesit These policy beginnings underlie the

potential for other countries to follow.
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International efforts have been led by the Unitedidhs Environmental Programme
(UNEP). Through their report “Global Mercury Asse®ent” the Governing Council has
decided to have UNEP undertake a global assesshelgtin cooperation with other members
of the Inter-Organization Programme for the Sourahljement of Chemicals. High priorities
in the UNEP report are: (1) assessment and mongari Hg in fish and wildlife and (2) the
collaboration of nations dealing with this issue.

An example of the importance placed by UNEP ontibyisc is their recent “Regional
Awareness-raising Workshop on Mercury Pollution1B+21 January 2005 in Port of Spain,
Trinidad and Tobago (UNEP 2005). Here, they deedidjive key questions concerning toxic

mercury problems in the region:

1. Is there sufficient knowledge of the main sosraed quantities of mercury
released into the environment?
Are the levels of mercury in media and biotdisigntly known?
Are there sufficient data on mercury exposurenfonans and wildlife?
Based on existing data available, what issudgasblems are of greatest
concern?

5. What are the barriers faced in trying to baitedterstand mercury

contamination?

In general, respondents representing 14 Caribbaantiies agreed that there are many
data gaps, there is a paucity of data regardingumgtoading, standardization of mercury data
collection is needed, hotspots need to be idedtiBelucation on mercury poisoning is needed,
an electronic information network should be devethpand that barriers are based on lack of
awareness at the political, policy and sectoratlev

Ultimately, efforts will likely need to amass lolyahnd regionally to eventually create
change at a global level. A template for such geda needed. Based on well-documented
scientific efforts in freshwater habitats of nodktern North America (Evers and Clair 2006)
and the UNEP Caribbean workshop findings, we pre@osarine-based case study on the

Mesoamerican reef that could eventually be useddwidte.
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1.2 The Mesoamerican Reef — a case study

The Mesoamerican Reef is one of the top 200 impbtdact ecosystems in the world
(Olson et al. 2000, Kramer and Kramer 2002, Rol#2862). It is the largest barrier reef system
in the Western Hemisphere. It is well known forltslogically diverse communities of corals,
mangroves, and seagrasses that serves as ricmnireeding, and feeding grounds for many
commercially significant species. In Belize aloatleast 37 species of sharks including the
world’s largest shark, the whale shark, as wellaspecies of grouper, including the
Caribbean’s endemic Nassau grouper and the chjtieatiangered and relatively rare goliath
grouper are found along the reef. Many shark, geoand other fish species are rapidly
declining in the MAR because of unsustainable figipressures. It is our hope that by
characterizing the mercury and potentially othertaminant loads in widely edible fish, public
awareness of environmental stressors related tootecfish populations will be realized.

We chose this area as a case study because tuflatd biological importance,
conservation needs from increasing recreationaldawelopment pressures, and existing
scientific infra-structure. The template we crdateunderstanding the distribution of mercury
in estuarine and marine systems, anthropogenicunesources, methylation rates and
availability to biota, and impacts to ecosystem hadhan health will be useful toward
application in other areas of the world. Somehoke areas, such as coastal India, have reported

levels 50-100x greater than background levels.

2.0 Introduction

This preliminary report represents the first roofidnercury (Hg) data that was collected
from biota in Belize through funding from the Herirgundation. The original workscope was
changed to prioritize the biota that were (1) naatilable, (2) had greatest risk and (3) could
provide the most useful information for assessimgnéin and ecological health in Belize. Herein
we target eight species of sharks and the goliathpgr. The results of our laboratory analysis

and preliminary interpretation follow.
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2.1 Mercury levels in Belize sharks and groupers

As long-lived, apex predators, various shark spgeare good indicators for measuring
spatial and temporal trends in methylmercury (Me&iggilability for near-shore marine waters.
Sharks are well known for their ability to biomafygrieHg and harbor levels that are unsafe for
human consumption. Mercury levels in shark musstie regularly exceed the U.S.
Environmental Protection Agency action level of@ug)/g, (wet weight [ww]) for many areas of
the world, such as the northeast Atlantic (Brartcal.€2004), southwest Atlantic (Pinho et al.
2002; BioDiversity Research Institute, unpubl. Jlaidéediterranean Sea (Storelli et al. 2002),
and Australian waters (Lyle 1984).

Further information on how MeHg is distributed etmarine system that sharks and
groupers use is needed because (1) populationamy shark species and the goliath grouper are
declining, (2) human consumption of shark musckfams continues at a pace that is not
sustainable and (3) and the impacts of environnetressors such as Hg pollution are
unknown. Mercury toxicity levels in fish are ridleely undetermined. In teleosts, Friedmann et
al. (1996) demonstrated through a dosing studyyatg walleye with a mean body burden of
2.37 ug/g (ww; the high dose) had significant gtoand reproductive impacts. Adverse effect
levels of Hg in elasmobranches are not known.

In 2006-07, we conducted a pilot study to oppostically sample sharks and groupers

from near-shore waters of southern Belize and eontiGuatemala with three objectives:
1. Establish an exposure profile of mercury inashe and marine organisms;

2. ldentify biological mercury hotspots and potainnercury sources;

3. Determine potential human health impacts to higfkuser-groups
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3.0 Study Area

A total of 14 distinct locations were sampledhe Gulf of Honduras along the coast of
southern Belize and northern Guatemala (FigureTh)s area is sparsely populated.

Punta Gorda

Figure 1. Belize study area is designated byedecircle east of Punta Gorda.

4.0 Methods

Shark sampled were collected from individuals thate caught by both fisherman and
for scientific purposes. Muscle biopsies were ma&ethe base of the dorsal fin. Muscle samples
were then placed in a vacutainer and stored iplad bag in a freezer. The unit of Hg
exposure is ug/g and is equivalent to parts pdrami(ppm). The majority of Hg in the muscle
tissue of sharks and groupers is in the methyl form
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5.0 Results and Discussion

5.1 Mercury Exposure

Mercury in Sharks

In our study, 89 sharks representing eight spemesseven goliath groupers were

sampled and analyzed for Hg exposure in 2006-0Bl€TH. Species averaging a total length

>90cm had average muscle Hg levels
that exceeded 1.0 ppm. Highest Hg
levels were recorded in the blacktip,
great hammerhead, scalloped
hammerhead, and nurse sharks.
Lowest Hg levels were recorded in
the bonnethead, sharpnose, lemon
and sandbar sharks. Similar-length
goliath groupers tended to have
lower muscle Hg levels compared to

scalloped hammerhead sharks.

Table 1. Summary of size and Hg levels of shaakspded.

Photo of Lemon Shark
by Neil Hammerschlag

Common Name Latin Name Sample Distinct Length (mean +/- | Muscle Hg (mean +/- sd
Size Locations | sd; range) (cm) range) (ug/g, ww)
Blacktip Shark Carcharhinus 13 5 94.0 +/- 28.8 1.02 +/- 0.44
limbatus (48.0 —137.0) (0.52 -1.87)
Bonnethead Shark | Sphyrna tiburo 6 3 47.6 +/-13.9 0.21 +/- 0.04
(37.0-75.0) (0.16 — 0.27)
Caribbean Rhizoprionodon 39 8 64.0 +/-21.3 0.65 +/- 0.40
Sharpnose Shark | porosus (17.7 — 98.0) (0.26 — 1.89)
Great Hammerhead Sphyrna 7 3 167.1 +/-51.1 1.49 +/-0.72
Shark mokarran (81.0 — 247.0) (0.65 - 2.10)
Lemon Shark Negaprion 2 2 128.0 +/- .8 0.34 +/-0.10
brevirostris (126.0 — 130.0) (0.26 — 0.41)
Nurse Shark Ginglymostoma 8 6 177.6 +/- 40.4 1.40 +/-0.94
cirratum (117.0 — 228.0) (0.09 — 3.20)
Sandbar Shark Carcharhinus 1 1 115.0 0.50
plumbeus
Scalloped Sphyrna lewini 12 3 104.4 +/-51.3 1.29 +/- 1.06
Hammerhead Shark (67.2 — 227.0) (0.47 — 4.14)
Goliath Grouper Epinephelus 7 2 119.5 +/- 48.7 0.88 +/0 -.65
itajara (48.5 —200.5) (0.17 — 2.21)
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Individuals from seven of eight species of sharkseeded human health consumption
standards. The World Health Organization hasmseidaisory standard for human consumption
of Hg in food items at 1.0 ppm (ww) — 30% of theudts we sampled exceeded this level. A
more protective human consumption level of Hg sethle U.S. Environmental Protection
Agency (USEPA) of 0.3 ppm (ww) indicates that 88Pthe sharks we measured had muscle Hg

that exceeded human health standards.
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Figure 2. Arithmetic mean (+/- sd) of Hg levelseight shark and one grouper species.

5.1.1. Shark size as a factor

Many life-history and ecological factors may afféwot levels of Hg in shark muscle.
These and potentially other parameters need tmberstood to best interpret shark Hg levels.
Shark size can be an important factor for predictimuscle Hg levels. Several studies have
found a correlation between increasing size andeMegls (Watling et al. 1981; Lyle 1984), but
many have not (Morales-Aizpurua et al. 1999; Fearet al. 2004). Our findings indicate that
muscle Hg correlates for some species, but notathén cases where we had an adequate
sample size for evaluation, we did not find a datren with total length and muscle Hg levels in
the bonnethead and Caribbean sharpnose sharkslidvied significant relationships between
total length and muscle Hg levels several spedféken their Hg levels are combined, the two

species of hammerhead sharks have a moderatelgfprectorrelation (=0.48; F=14.7,
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p=0.001) (Figure 3). The variation we found
may relate to the hammerhead’s life history;
these species are generally migratory and
because muscle Hg levels reflect lifetime body
burdens they likely represent dietary uptake of
Hg from many locales across the Caribbean

Sea.
Measuring a bonnethead shark (photo

by Neil Hammerschlag).
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Figure 3. Great and scalloped hammerhead sharklendg levels. Red line approximately represent& P& and
WHO human health standards, respectively.

More sedentary sharks, such as the blacktip argbnbave stronger predictive
relationships between total length and muscle Hge blacktip shark is a nearshore, semi-
pelagic species that feeds primarily on fish. vidiial size is strongly predictive of muscle Hg
levels (f=0.83; F=43.7, p<0.001) (Figure 4). Two outlierditate a different pattern of dietary

uptake for Hg in areas near Belize City.
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Figure 4. Blacktip shark muscle Hg levels. Oraagd red lines approximately represent USEPA (0r8)mnd
WHO human health standards (1.0 ppm), respectively.

The relationship between individual size and mublgdevels is even more predictive
for the nurse shark (r2=0.86; F=44.0, p<0.001){Fedb). The nurse shark is more sedentary
than the blacktip shark and is likely an exceliedicator of MeHg availability from a locality.

Unlike the blacktip shark, it feeds on shellfish.
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Figure 5. Nurse shark muscle Hg levels. Orangeraddines approximately represent USEPA (0.3 pantd) WHO
human health standards (1.0 ppm), respectively.
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5.1.2. Location as a factor

The Caribbean sharpnose shark, a relatively smdlsadentary species that is common
and ubiquitous, best represents spatial gradidritgeblg availability. From eight locations
sampled, we identified two hotspots with sharpgvated Hg levels. The Punta Gorda Hg
hotspot is based on five relatively small indivithuhat were only 17.7 to 19.7 cm in total
length, but had elevated muscle Hg levels rangiogpf0.53 to 0.76 ug Hg/g (ww)(Figure 6).
Average adult-length individuals would likely be hebove the WHO human health level. The
second Hg hotspot we identified was eight miledlseast of Punta Gorda. Areas were sampled
both closer (six and seven miles southeast) arde€u(nine miles southeast) from Punta Gorda

and had noticeable lower mean muscle Hg levelsu(Eig; inset).
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Figure 6. Caribbean sharpnose shark muscle Hgslevel

5.1.3. Predicting shark muscle Hg levels for hurhaalth concerns

Mercury consumption levels that are of human headticerns are based on two
benchmarks — the WHO level set at 1.0 ppm and tbre protective USEPA level at 0.3 ppm.
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Some states in the United States have set evem lewads of 0.2 ppm to protect the more
sensitive parts of the population, such as pregwanten and children under 12 years of age.

Our findings suggest that a predictive relationsiepveen total shark length and muscle
Hg levels is present for some species. Such reigresnodels provide a tool for confidently
predicting muscle Hg levels for sharks that havenbeaught for human consumption. By
demonstrating size classes of shark species thgratective, people can thereafter make
informed choices in their consumption rate of Hg.

Based on our limited sampling effort, we recommtrad no hammerhead sharks should
be consumed by sensitive groups. Use of less-graeeWHO levels indicates that hammerhead
sharks above approximately 100 cm should be avoiéakcktip sharks under approximately 25
cm in overall length are safe to consume by semsgroups and based on WHO levels, those
under approximately 80 cm are safe to consumeseéNsinarks under approximately 130 cm in
overall length are safe to consume by sensitivagg@nd based on WHO levels, those under
approximately 160 cm are safe to consume.

Should a Belize-based commercial fishery for shagkestablished, we recommend that

its development include Hg levels in sharks.
5.1.4. Hg levels in the goliath grouper

Sampling efforts for the goliath grouper or jewfisRre conducted to ascertain the risk
level of Hg. Hendersom Sadovy and Eklund (1999) found elevated leveksght individuals
in Florida (170 — 206 cm in total length;

0.42 — 3.30 ug Hg/g, ww). We sampled
smaller individuals (mean total length was
120 +/-49 cm) that had a range of 0.20 —
2.21 ug H/g, ww) (Table 1). In relation to
associated shark species, goliath grouper
Hg levels in Belize were between our low

and high risk shark groups (Figure 2).

Goliath grouper, photo by Rachel Graham
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6.0 Conclusions
6.1 Shark and grouper mercury exposure

Shark and grouper muscle Hg levels in our dataset wsually greater than levels safe
for consumption by sensitive groups of people, sagkoung children and pregnant women. In
addition to the human health concern, the poteimtiphcts of Hg poisoning needs to be better
understood for purposes of shark and grouper ceasen. Individual sharks that forage on
prey related to the marine demersal fish commueitg to have higher Hg levels than more
pelagic species (Storelli et al. 2002). Shark &zalso an important determiner of Hg levels
within species (Pinho et al. 2002), particularlyiwindividuals and species that are relatively

high within the foodweb.

7.0 Recommendations

7.1 Further efforts to characterize environmentalgHoads

We recommend further sampling efforts to betteransidnd (1) potential habitats and
geographic locations where biological Hg hotspaiste(2) shark species and populations that
are at greatest risk to elevated Hg levels anth@)evels of Hg body burdens that can cause
physiological, behavioral, and reproductive harm.

A sampling design that further describes Hg prefllg species, size, age and sex, and
foodchain length (determined by stable isotopeaaihitrogen signatures) will provide insights
into recommendation 1 and 2. Pilot studies theltisle measures of fithess and reproductive
performance will be invaluable for determining riskpopulations.

Both atmospheric deposition and waterborne poiatcas of Hg can be locally and
regionally changed through regulations with eviadeatrapid recovery in biota (at least in
freshwater systems). Certain water and land manegepractices can further assist in reducing
environmental Hg loads available to near-shore meaosrganisms. By defining biological Hg
hotspots and sharks at greatest risk, ecosystectidus and biotic community structure can be
more closely examined for potential negative impd&cim Hg on the overall health of shark

populations.
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7.2 Outreach and Education

We recommend outreach to sensitive groups withr ciessages through (1) printed
material such as brochures and poster, (2) wettsitelopment and (3) community workshops.
An applied ecotoxicology program in Belize to tr@ioth American and Belizean college
students on how to detect, measure, and interptlettants such as Hg is nheeded to assist
governmental agencies and the country of Belizgatect human and ecological health.

Potential linkages that can be made between elgWwgdevels in shark fins (and

potentially fin soup) and the human health dangbmild be explored.
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