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Marine Mercury: From Sources to Seafood

Mercury released into the air and then deposited into oceans contaminates seafood commonly eaten by people
in the U.S. and globally, according to findings from the Coastal and Marine Mercury Ecosystem Research
Collaborative (C-MERC). In the past century, mercury pollution in the surface ocean has more than doubled as a
result of past and present human activities, such as coal burning, mining, and other industrial processes.

C-MERC, which is organized and facilitated by the Dartmouth College Toxic Metals Superfund Research Program
(SRP) Research Translation Core (RTC), published nine papers in a special issue (November 2012) of the journal
Environmental Research. The issue is dedicated to exploring the pathways and transformations of mercury and
methylmercury from sources to seafood consumers in specific marine ecosystems. A companion report, Sources
to Seafood’, released in December 2012, reviews the pathways and consequences of mercury pollution across
marine systems by drawing on findings from the C-MERC papers, scientific literature, and data from a range of
marine systems and coastal basins.

Research Findings

The C-MERC reviews suggest that mercury deposited from the atmosphere into the oceans ranges from 56% in
several large gulfs to 90% in the open ocean. The open ocean is home to large tuna and swordfish, which together
account for more than half of the mercury intake from seafood in the U.S. population.

Approximately one-third of all mercury emissions are associated with current industrial sources and other human
activities that can be controlled. Model estimates from the report indicate that methylmercury concentrations in
marine fish will decline roughly in proportion to decreases in mercury inputs, though the timing of the response will
vary. Models of the North Atlantic Ocean indicate that a 20% cut in the amount of mercury deposited would lead to
about a 16% decline of mercury in fish.

“It is important to realize that achieving a 20% decrease in mercury deposition will require substantial cuts in
current anthropogenic emissions, given the already very sizeable build-up of mercury in terrestrial environments
and ocean waters,” said Robert P. Mason, Ph.D., professor of marine sciences at the University of Connecticut.
Mason is a lead author of the Environmental Research paper on mercury biogeochemical cycling in the ocean and
a lead author of Sources to Seafood.

The report also examines the effects of local mercury inputs in near-shore coastal waters and found a contrasting
pattern to oceans. River inputs can be as much as 80% of the total mercury to some estuaries where there are
large mercury sources such as historically contaminated sites, release of mercury from wastewater or industrial
waste, and mercury deposition into the watershed.

“C-MERC's synthesis of research identifies the most important drivers of mercury pollution to different oceans and
coastal waters, and can help policymakers understand the links between environmental processes, methylmercury
levels in marine ecosystems, human exposure, and the human health effects- all of which are critical to the
discussion of how local, regional, and global mercury pollution affects the world’s supply of seafood,” said SRP
researcher and RTC leader Celia Chen, Ph.D. She is a co-author of the new Environmental Research papers on
nutrient supply and mercury dynamics and mercury sources in the Gulf of Maine. Chen also authored an editorial
on the subject in the Environmental Research issue and is a lead author of the Sources to Seafood report.

“The good news is that the science suggests that if mercury inputs are curtailed, mercury levels in ocean fish will
decline and decrease the need for warnings to limit consumption of this globally important food source,”added Chen.



Mercury in the Open Ocean: Sources to Seafood

r tural 2 :
ect natural sources nitted merci at
., volcanoes) Wa osited t¢ !F -
> A o '
= - 4
-

mercury deposited to the contaminated lands A o= .
surrounding watershed \ ( and sediments : - P Atmo C INp - Fa
— i - direct % of mercury ente re-emitted

River inputs e < . . emissions —'ﬂhe oceanisdeposited N\, Mercury tha
9% of mercury entering the o > -irm uan b3 ~from the atmosphere to was depCEi

i i 0 the
ocean comes from rivers, . g < o e se ace in ra
and some of it has already 7 S ; - 0g, and

been converted to M

methylmercury.
=% industrial and o
wastewater sources

.
mercury

©
(]
g
™~
(7]
-]

Mercury is transformed to methylmercury as
microorganisms break down sinking plankton and
other organic particles. ) e

Methylmercury is mEthy| mercury . = ~ Methylmercury in fish is 100 million times greater than water.
unstabAIe.In seawater. . . lower =3 trophic level (position in food web) =3 higher
Most of it is degraded by ® o A little more than ;
sunlight and other chemical 10% moves into the food &
processes back to inorganic mercury. * web and the fish we eat. < P v

Some mercury and methylmercury water  phytoplankton zooplankton prey fish predator fish
eventually sinks to deep
» Ocean waters and sediments. 4

residence time of methylmercury

centuries

1x 10,000x 20,000-100,000x 1-10 million x 10-100 million x
® biomagnification of methylmercury concentrations from water to fish

>1000m

C-MERC presented the figure, Mercury in the Open Ocean, in the Sources to Seafood report to explain the origins and fate of mercury that
enters the ocean. (lllustration courtesy of Dartmouth College)

The Coastal and Marine Mercury Ecosystem Research Collaborative (C-MERC)

The C-MERC papers are the culmination of two years of work by approximately 70 mercury and marine scientists
from multiple disciplines, including biology, ecotoxicology, engineering, environmental geochemistry, and
epidemiology.

C-MERC was established by the Dartmouth SRP in 2010 to review current knowledge and knowledge gaps relating
to mercury contamination of marine fish and to use science to inform policy decisions on a regional, national, and
global scale. As part of the C-MERC process, the Dartmouth SRP Research Translation Core held two workshops
over a two-year period for over 50 international marine mercury scientists and policy stakeholders to formulate and
respond to policy relevant questions on the inputs, cycling, and uptake of mercury in ocean ecosystems and the
links to fish, wildlife, and human exposure to methylmercury.

C-MERC published two additional human health articles and an editorial in Environmental Health Perspectives in
June 2012.
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