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Abstract

Regulatory fish-consumption advice — the FDA-EPA advisory, the EFSA dietary methylmercury
opinion, and their national equivalents — is calibrated to how atypical Western shopper eats market-
purchased seafood, at ordinary frequencies and species mixes. It does not describe the global subsistence-
fishing consumer, who eats freshwater or pelagic fish caught daily from local waters and, on the
converging evidence of three recent A-tier studies, routinely carries methylmercury above the thresholds
that adviceisbuilt against. A global model estimates that 84 to 99 percent of subsistence-fishing entities
are likely to exceed methylmercury exposure thresholds at typical subsistence consumption rates. For
certification the consequence is a boundary: afood certificate acts on commercial market products, so
subsistence exposure sits outside what any certificate can promise — while the same evidence argues for
provenance-aware freshwater and predatory-fish standards where market fish originate in affected waters.
The full anchor-source evidence base lives on the Heavy Meta 1ndex, the independent literature
reference this analysis cites one way.

The Baseline and the Population It Misses

Every major fish-consumption advisory answers one question: how much market-purchased fish can a
typical consumer eat before methylmercury intake becomes a concern. The FDA-EPA advice uses US
average consumption and US retail species mixes, the EFSA opinion uses European-population intake
data; the Canadian, UK and Australian advisories follow the same template. All of them assume that fish
arrives through a regulated retail channel and is eaten at Western frequencies.

Three independent A-tier studies from the past eighteen months, working from three different methods
and geographies, converge on the population that assumption leaves out: the consumers of subsistence-
fished and locally-caught freshwater and pelagic fish. A global model puts the scale of the gap plainly —
an estimated 84 to 99 percent of subsistence-fishing entities are likely to exceed methylmercury exposure
thresholds at typical subsistence consumption rates[1]. That is a modeling estimate rather than a cohort
measurement, and it should be read with that caveat, but the direction is robust: an exposure profile
calibrated to the median market consumer does not describe the consumers most at risk.

The Global Catch Disparity (Li 2024)

Li et al. 2024 isthe largest global-scale dataset to date on methylmercury extracted from the ocean by
fisheries, combining high-resolution catch data for 1,774 species with an empirically constrained spatial
model of seafood methylmercury validated against a 1,482-measurement yellowfin tuna dataset (R-
squared 0.80) [1]. The centra estimate is 6.1 megagrams of methylmercury removed from the ocean each
year (interquartile range 4.2 to 9.5 Mg), about 0.05 percent of the upper 1,000-metre seawater reservoir.

The load-bearing numbers are not the total but the spread. Catch-weighted methylmercury concentrations
vary over two orders of magnitude — from 0.004 to 1.7 ug per gram wet weight, geometric mean 0.13 g/



g — with the highest values in tropical and subtropical waters where large pelagic species are harvested,
and those fisheries account for over 70 percent of methylmercury extracted from the ocean [1]. Subpolar
and polar exclusive economic zones are the only coastal regions where the catch-weighted omega-3 to
methylmercury ratio clears the study's de minimis bar under the US EPA Reference Dose of 0.1 pg/kg
body weight per day [2]; in most global fisheries, by the EPA's own framing, the omega-3 content of the
catch does not nutritionally offset the methylmercury risk. The waters that carry the most methylmercury
are the waters subsi stence consumers fish.

Freshwater Wild Fish and aWidening Gap (Wu 2025)

Wu et a. 2025 supplies the freshwater half of the picture from asingle national dataset: roughly 13,000
fish mercury samples across 164 sampling sites in China spanning 2005 to 2020 [3]. Freshwater wild fish
carry methylmercury 2.9 to 6.2 times higher than freshwater farmed fish across trophic classes, and 1.7
times higher than marine wild fish in the same trophic class. In atypical adult-size freshwater wild fish
(40 plus or minus 5 cm), the mean methylmercury concentration is 30.9 pg/kg wet weight — comparable
to US shrimp at 30 to 40 ug/kg, a source Western consumers and regulators already treat as a meaningful
methylmercury exposure.

Freshwater fish supplied 51 percent of China'stotal fish methylmercury intake in 2011, the most recent
national consumption-survey year used, and subsi stence-fishing households carry a disproportionate
share because their dietary reliance on freshwater wild fish exceeds the national average [3]. The
trajectory compounds the exposure: national-average methylmercury in China's freshwater wild fish is
projected to rise about 60 percent by 2031 to 2060 under the SSP2-4.5 and SSP5-8.5 scenarios, driven by
enhanced photochemical methylation. That mechanism isidentified by machine-learning attribution
rather than direct confirmation, so the projection carries wider uncertainty than a mechanistic study
would — but the population already most exposed faces the largest projected increase.

A Mining-Impacted Basin at the Local Rate (Auzier-Guimaréaes 2025)

Auzier-Guimaraes et al. 2025 shows what this means for one named subsistence population: a PRISMA-
protocol systematic review of 36 studies published 1992 to 2022, covering 143 fish species (14,113
individuas, 735 mean mercury values) from the Tapaj6s River Basin in the Brazilian Amazon, abasin
heavily impacted by artisanal small-scale gold mining [4]. Mercury in fish muscle ranges from 0.01 to
3.82 mg/kg across trophic levels, with piscivorous species at the high end and clear spatia clustering in
mining-affected sub-basins.

The exposure framing is the most explicit of the three studies. At the basin's actual consumption rate of
116.25 grams per capita per day, 89 percent of 129 evaluated food-fish species show a Target Hazard
Quotient above 1 in at least one sub-basin, and 75 percent should be eaten below that local average intake
to avoid health risk; in the middle Tapajds, 90 percent of food-fish species (n = 91) exceed aTHQ of 1
[4]. Sixty-seven percent of piscivorous species exceed the WHO methylmercury limit of 0.5 mg/kg and
29 percent exceed the Brazilian ANVISA limit of 1.0 mg/kg for piscivorous fish. The basin is not unique
— comparable patterns are documented across the Amazon in Colombia, Ecuador and Peru, in the
Mekong Delta, around Lake Victoria, and in the Bangladeshi Meghna River basin — but it is one of the
best-quantified cases of a global pattern.

Where Fish-Consumption Advice Stops

Put together, the three studies identify a class no single advisory addresses: the global subsistence-fishing
consumer. Li quantifies the global scale, Wu the freshwater-category disparity and its climate trajectory,



and Auzier-Guimaréaes the basin-level consequence for a specific riverside population. The regulatory
framework is calibrated elsewhere. FDA-EPA adviceis built on US market-purchased seafood and US
average consumption [5]; the EFSA chronic dietary methylmercury opinion uses European-population
intake data [6]; other national advisories follow similar templates.

Each of those instruments assumes fish is bought from a regulated retail channel at typical Western
frequencies and species mixes. None of them centrally addresses the riverside Amazonian community
that eats fish from a mining-impacted basin, the rural Chinese household that eats freshwater wild fish
from alocal lake, or the Pacific Islander community whose protein comes from local subsistence fishing
of large pelagic species. The disparity isrea and quantified, but it is not made visible by the regulatory
documents themselves — the baseline calibrated to the median market consumer is simply not the right
anchor for the population most exposed.

What this means for certification

The consequence for a certification standard runsin two directions. The first is a boundary. A food
certification acts on commercial market products a brand submits for testing — the fillet, the canned
tuna, the fish-containing baby food on a shelf. It cannot reach the fish afamily catches from a mining-
impacted river or awarming lake, because that fish never enters the certified commercial channel.

Subsi stence-fishing methylmercury exposure therefore sits outside what any food certificate can promise,
and being honest about that limit is part of reading the evidence correctly.

The second direction is provenance. The same studies show that where a market fish comes from changes
its likely methylmercury burden: tropical and subtropical pelagic fisheries, freshwater wild systems, and
gold-mining-impacted basins are precisely the waters that feed both subsistence consumers and, at times,
commercia supply chains. That argues for provenance-aware freshwater and marine predatory fish
standards — ones that treat catch origin as material to the number rather than incidental to it.

Heavy Metal Certified sets each product's default limit at the strictest maximum level set by a credible
government regul ator, converted to the product's own basis. Because methylmercury is one of the four
Tier-1 toxics — lead, cadmium, inorganic arsenic and methylmercury — the program may set the stricter
of that government limit and the cleaner end of the occurrence evidence for the category. For freshwater
and predatory marine fish, the categories these three studies implicate, that combination lets a certificate
speak precisely to the commercial product on the shelf, while staying honest that the subsistence
exposure the science documents lies beyond its reach.

Frequently asked questions

Does fish-consumption advice protect people who eat subsistence-caught fish?

Not centrally. Advisories such as the FDA-EPA advice and the EFSA methylmercury opinion are
calibrated to typical Western consumers buying market-purchased seafood at ordinary frequencies. A
global model estimates that 84 to 99 percent of subsistence-fishing entities likely exceed methylmercury
exposure thresholds at typical subsistence consumption rates, so the population most exposed is the one
the advice describes |east.

How much more methylmercury is in freshwater wild fish?

In a Chinese dataset of about 13,000 samples, freshwater wild fish carried methylmercury 2.9 to 6.2
times higher than freshwater farmed fish and 1.7 times higher than marine wild fish of the same trophic
class. A typical adult-size freshwater wild fish averaged 30.9 pg/kg wet weight, comparable to US shrimp
at 30 to 40 pg/kg. Concentrations are projected to rise about 60 percent by 2031 to 2060 under climate



scenarios.

What did the Tapajés basin review find about fish safety?

A PRISMA review of 36 studies (143 species, 14,113 individuals) from the gold-mining-impacted
Tapaj6s basin found that at the local consumption rate of 116.25 grams per person per day, 89 percent of
129 food-fish species had a Target Hazard Quotient above 1 in at least one sub-basin. Sixty-seven percent
of piscivorous species exceeded the WHO methylmercury limit of 0.5 mg/kg.

Can afood certification cover subsistence-fishing mercury exposure?

No. Certification acts on commercial market products a brand submits for testing, not on fish a household
catches locally, so subsistence exposure sits outside its scope — an honest boundary of what a certificate
can do. The finding still argues for provenance-aware freshwater and predatory-fish standards that treat
catch origin as material when market fish come from affected waters.
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