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Abstract

Yes— climate change is projected to increase methylmercury in commercially harvested marine fish.
Three converging studies find that ocean warming and deoxygenation expand the low-oxygen zones
where microbes methylate mercury, raising methylmercury in upper-trophic pelagic fish such as tuna and
swordfish by roughly 5 to 30 percent by 2100 under high-emission scenarios. The mechanism is now
traced to particle-phase methylation in the upper 400 metres of the water column, which responds to
climate forcing on a shorter timescal e than deep-ocean processes. The certification consequenceis
structural: present-day fish mercury limits — the FDA action level, the EFSA and EPA reference values
— are calibrated against today's occurrence distribution, so athreshold frozen at one year quietly loses
stringency as the baseline rises, and the | ot-level exceedance rate climbs even with the same fishery and
product. A standard for mercury in fish should therefore be built to be recalibrated on a regular horizon,
not set once. The full anchor-source evidence base lives on the Heavy Metal Index, the independent
literature reference this analysis cites one way.

A Baseline That Moves

The methylmercury concentration in upper-trophic marine fish is not afixed quantity. Three converging
publications — a global biogeochemical review, a coupled climate-ocean model, and a stabl e-isotope
mechanistic study — establish that ocean warming, deoxygenation, and the expansion of oxygen-
minimum zones are projected to raise methylmercury in commercially harvested pelagic fish by roughly
5 to 30 percent by 2100 under high-emission scenarios [1]. The review anchoring the frame projects that
climate warming alone lifts fish methylmercury 10 to 30 percent against the present-day baseline, and
sets the public-health scale of the problem at roughly $117 billion ayear in global losses from mercury
exposure, chiefly 1Q loss and cardiovascular disease from dietary methylmercury [1].

The consequence for any threshold is structural rather than toxicological. The dose-response for
methylmercury neurotoxicity has not changed; what changesis dietary exposure for a fixed consumption
pattern. A limit set against today's occurrence distribution captures alarger fraction of lots as that
distribution shifts upward, so afishery, supplier, and product that passin 2026 can drift toward and past
the same threshold over the following decades without anything about the product itself changing.

The Coupled-Model Projection

The most quantitatively concrete anchor is a coupled climate-biogeochemistry model run to 2100 under a
moderate (RCP4.5) and a high (RCP8.5) emission scenario [2]. Under the high-emission pathway,
methylmercury in upper-trophic pelagic marine fish is projected to rise 5 to 20 percent relative to a 2000
baseline, with the largest increases in polar and sub-polar waters and moderate but non-trivial increases
in the mid-latitude zones where much commercial fishing occurs[2].

The model identifies ocean deoxygenation as the dominant driver. Warming seawater holds | ess dissolved



oxygen, so the low-oxygen zones where microbial mercury methylation runs fastest expand in volume
and intensify; methylation-rate enhancement in these expanded oxygen-minimum zones reaches roughly
afactor of two in high-latitude waters under the high-emission scenario [2]. The testing-distribution
implication is direct: atunalot tested against afixed mercury limit today may pass, while the same
supply chain decades later meets a baseline several to twenty percent higher, moving the whole
distribution toward the threshold and lifting the lot-level exceedance rate.

Where the Methylmercury Is Made

A stable-isotope study of North Pacific organisms, water, and filtered particles closes the mechanistic
loop between the climate driver and thefillet on the plate [3]. Mercury isotopic signatures in pelagic fish
match those of small marine particles — under 53 micrometres — in the upper 400 metres of the water
column, not the signatures of dissolved seawater methylmercury or of deep-water sources. Pelagic-fish
methylmercury therefore comes principally from methylation on particles in the sunlit upper ocean,
which is then biomagnified up through the food web into tuna, swordfish, and marlin.

This refinement matters for timing. Under the older assumption that deep anoxic basins were the
dominant source, the relevant climate mechanism would have been slow changes in deep-water
circulation. Locating the rate-limiting step in upper-ocean particles — which respond to warming and
deoxygenation on much shorter timescal es — shortens the horizon over which present-day fish lots begin
to reflect climate-driven shifts[3].

The Limits Being Outrun

The reference values that govern fish mercury were al fixed before the projection literature existed, and
each is calibrated against a pre-climate baseline. The US FDA action level for mercury in fishis 1.0 ppm
total mercury — roughly 0.7 ppm methylmercury — set in 1979 and unchanged in operative form since
[4]. The EFSA tolerable weekly intake for methylmercury is 1.3 pg per kg body weight per week,
established in 2012 [5]. The US EPA reference doseis 0.1 pg per kg per day, set in 2001 [6], and the
WHO/FAO provisional tolerable weekly intake is 1.6 g per kg body weight per week, from 2003 [7].
Reference value - Level - Set

FDA action level (fish) - 1.0 ppm total Hg (~0.7 ppm MeHg) - 1979

EFSA tolerable weekly intake - 1.3 pg/kg bw/week - 2012

EPA reference dose - 0.1 pg/kg/day - 2001
WHO/FAO PTWI - 1.6 pg/kg bw/week - 2003

None of theseiswrong on its own toxicological terms. The point is that each was calibrated against the
mercury occurrence of its era, and the projection literature establishes that the occurrence itself is
moving. A value frozen at its calibration year does not hold its intended stringency as the baseline rises
beneath it.

What this means for certification

The lesson for a certification standard is that a threshold is a maintenance commitment, not a one-time
number. For fish mercury, the occurrence distribution the limit is calibrated against is projected to drift
upward on aregulatory-relevant horizon, so a standard that certifies alot as clean today has to be built to
be re-examined as the baseline moves.

The Heavy Metal Certified default for any product and analyte is the strictest maximum level set by a
credible government regulator, converted to the product's own basis. Because methylmercury is one of
the four Tier-1 toxics — with lead, cadmium, and inorganic arsenic — the program may set the stricter of
that government limit and the cleaner end of the occurrence evidence, rather than adopting the



government number by default. That discipline matters most for predatory marine fish such astuna,
swordfish, and marlin, the upper-trophic species where the projected increase concentrates; non-
predatory marine species sit lower in the distribution and respond proportionally.

The forward-looking part is the recalibration commitment. Because the baseline is shifting, the honest
instrument re-examines fish-mercury limits on aregular horizon — the literature points to something on
the order of five to fifteen years — and ratchets toward lower levels as cleaner sourcing becomes
demonstrable, rather than freezing a single number and letting its effective stringency erode. The finding
is not that fish are becoming unsafe; it isthat the number certifying them is calibrated to a baseline that
will not hold, so the standard has to be designed to move withiit.

Frequently asked questions

Is climate change increasing methylmercury in fish?

The projection literature says yes. Ocean warming and deoxygenation expand the low-oxygen zones
where microbes convert mercury to methylmercury, and converging studies project aroughly 5 to 30
percent increase in methylmercury in upper-trophic marine fish by 2100 under high-emission scenarios.
Thetoxicology of methylmercury has not changed; the dietary exposure for afixed diet iswhat is
projected to rise.

How much could methylmercury in marine fish rise by 2100?

A coupled climate-ocean model projects a5 to 20 percent increase in methylmercury in upper-trophic
pelagic fish under a high-emission (RCP8.5) pathway relative to a 2000 baseline, with the largest
increases in polar and sub-polar waters. A broader biogeochemical review puts climate-driven fish
methylmercury increases at 10 to 30 percent, giving a combined range of roughly 5 to 30 percent.

Why does a fixed fish mercury limit lose stringency over time?

A limit is calibrated against the mercury occurrence distribution of its era. If that distribution shifts
upward, as the projectionsindicate, a threshold frozen at one calibration year captures a larger fraction of
lots over time. The same fishery, supplier, and product can drift toward and past the limit without
anything about the product changing, so the limit's effective stringency erodes as the baseline rises.

Which fish are most affected by rising methylmercury?

Upper-trophic pelagic predators — tuna, swordfish, marlin, and mackerel — accumulate the most
methylmercury, and the projected increase concentrates there, especially in polar and sub-polar source
regions. Lower-trophic, non-predatory species sit lower in the distribution and respond proportionally,
which iswhy species substitution is one of the practical levers for managing the rising baseline.
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