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Regional variationinfish mercury
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R Check for updates

The bioaccumulation of methylmercury

infish and its biomagnification through

the food chainis amajor public health

concern. Differencesin fish methylmercury
concentration observed between Chinaand
the United States highlight the need fora
better understanding of region-specific factors
thatdriveits formation and biological uptake.

Mercuryis aheavy metal with unique chemical and physical properties
that have led to its use and mining by humans for thousands of years'.
Historically, human exposure to mercury was mostly occupational:
alchemists manipulated it in attempts to turnitinto gold and chem-
istsand biologists explored its bactericidal and herbicidal properties
for treatment and preservation®’. Empires exploited mercury's vola-
tility and its ability to form amalgams with gold and silver to amass
wealth. When these amalgams are heated, mercury is released into
the air, leaving behind pure gold and silver — but also spreading the
toxic metal fumes globally. In the 19th and 20th centuries, the burn-
ing of mercury-enriched coal for power generation became a major
source of atmospheric mercury, whichended up deposited worldwide
ininorganic form.Inthelate1960s, it was discovered that some of this
inorganic mercury could be converted into methylmercury —ahighly
neurotoxic and bioaccumulative organic mercury form — in aquatic
sediments®. This discovery has fundamentally changed our under-
standing of mercury pollution and its effects on the environment and
human health; it is now known that most modern mercury exposure
doesnot come fromdirect occupational contact but from consuming
fish containing methylmercury?’.

Writing in Nature Food, Xiang and colleagues® compiled global
data on fish mercury levels, including data from China and the USA.
They found compelling evidence that wild-caught freshwater fish
in China have significantly lower mercury levels than similar fish in
the USA. Notably, the proportion of mercury in its most toxic form,
methylmercury, is below 50% in Chinese fish, compared with more
than 80% in US fish. These findings suggest that the Chinese popula-
tion, which also tends to consume more freshwater fish and farmed
fish per capita, is generally exposed to lower levels of methylmercury
from fish consumption than the US population, which is more reliant
onwild-caught marine fish.

From a public health perspective, globally, prenatal exposure to
methylmercury is responsible for nearly 250,000 new cases of intel-
lectual disability each year’. Although mostly mild, these cases collec-
tively resultin nearly 2 million disability-adjusted life years®. Additional
evidenceindicates that dietary methylmercury exposure may be linked
to cardiovascularimpairments in adults’. Thisis particularly concern-
inggiven the growing globalissue of micronutrient deficiencies, which
increased fish consumption could help alleviate. In many countries, all
micronutrient needs could be met by sustainable fish catches within

100 km of their coasts®. However, the increasing presence of con-
taminants such as mercury pose a food security concern, potentially
offsetting the health benefits of fish consumption. Although many
risk-benefit analyses suggest that the health advantages of fish con-
sumption outweigh the risks of contaminant exposure’, it remains
uncertain when these thresholds might be crossed. There is a clear
consensus that efforts must be made to reduce mercury and other
contaminantsin fish to safeguard public health™.

On 16 August 2017, the Minamata Convention entered into force
with the goal to protect human health and the environment from human
mercury emissions and releases™. Its underlying principle is straight-
forward: by reducing mercury input into the environment, we can
lower methylmercury levelsin fish and, consequently, reduce human
exposure toit. However, as Xiang and colleagues demonstrate in their
study, nature s rarely that simple; despite substantially higher mercury
emissions in China compared with the USA, fish methylmercury levels
are actually lower in China. This raises two important questions: why
isthisthe case,and what does it mean for future methylmercury levels
in Chinese fish?

Although therole of temporal and environmental variability on
fish methylmercury concentrations were not explicitly accounted
for, the authors used structural equation modelling to attribute the
observed differences between China and the USA to the ecological
structure of Chinese ecosystems and human activities. Methylmer-
cury isbioaccumulative, meaning that organisms absorb more of it
thanthey canexcrete, leadingtoincreasing levels as the animal ages.
Therefore, older fish tend to have higher methylmercury levels than
younger fish of the same species in the same ecosystem. Methylmer-
cury also biomagnifies through the food chain; because it is slowly
eliminated, predators that consume prey higher up the trophic
chain accumulate even higher concentrations of methylmercury™.
Thisis why apex predators, such as sharks, orcas and humans, are at
greater risk. Moreover, longer food chains and more complex food
webs resultin higher methylmercury levels at the top. Xiang and col-
leagues show that food chainsin Chinese ecosystems are shorter on
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average, and the fish harvested are generally younger than those in
the USA. This differenceis attributed to factors such as faster growth
rates, overfishing and changing landscapes in China due to rapid
industrialization. The authors caution that environmental restora-
tion efforts in China could inadvertently increase methylmercury
levels in fish, thus raising exposure risks for consumers. However,
it isimportant to note that the same mechanisms of accumulation
and magnification that can increase methylmercury levels in fish
alsoenhance thelevels of beneficial micronutrients, whose presence
or absence may have a much greater impact on human health than
methylmercury”®?,

Much of our current understanding of the mercury cycle and
biological uptake of the toxic form is based on research conducted
primarily in developed countries with a long history of mercury con-
tamination and land-use changes'. As a result, knowledge of these
processes — as well as empirical data from ecosystem compartments
and fish species —is limited in the southern hemisphere and develop-
ing countries™. The work by Xiang and colleagues illustrates why there
isaneed for aregion-specific understanding of the factors that drive
methylmercury formation and biological uptake.

Futureresearch, especially as we evaluate the effectiveness of the
Minamata Convention, should consider the potential impacts of, and
interactions with, rapid environmental and climatic changes. Addition-
ally,itisimportantto recognize thateconomic and cultural differences
infishing practices and consumption preferences substantially influ-
ence exposure to methylmercury. Any discussion or recommendation
regarding dietary exposure to methylmercury should be culturally and
economically sensitive to avoid unintended harm to communities''®.
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