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Abstract

Dietary supplements and traditional herbal preparations are a heavy-metal exposure pathway that behaves
unlike the conventional food supply chain, in both magnitude and oversight. Contamination in this
category spans several orders of magnitude: a mainstream Rhodiola rosea capsule bought onlinein the
United States added on the order of 200 ng of arsenic per serving, while internet-purchased Ayurvedic
capsules in two independent clinical cases carried lead at 23,043 and 40,657 mg/kg — roughly amillion
times the low-ppb action limits that govern food — and produced clinical lead poisoning requiring
chelation. The enforcement framework is fragmented across nine divergent pharmacopoeias and, because
supplements are regulated as foods rather than drugs, largely unenforced at the finished product. That
combination — the most extreme contamination tail under the weakest oversight — is exactly the setting
where independent, finished-product certification adds the most value. The full anchor-source evidence
base lives on the Heavy Metal Index, the independent literature reference this analysis cites one way.

A Category That Behaves Unlike Food

Dietary supplements and traditional herbal preparations sit in the food aisle but do not behave like food.
Four independent sources spanning three continents — a U.S. retail-market survey, a nine-pharmacopoeia
regulatory comparison, and two clinical lead-poisoning case reports from Italy and India— converge on
one structural finding: contamination in this category spans severa orders of magnitude, and its upper tail
reaches concentrations that have no analogue anywhere in the conventional food literature.[1][3][4]

The category is not homogeneous, and the distinction is mechanistically load-bearing. Western-style
botanical extracts, such as the Rhodiola rosea capsules surveyed on the U.S. market, carry contamination
in the low hundreds of parts per billion, consistent with environmental uptake concentrated into a dried
extract.[1] Traditional Rasa Shastra Ayurvedic preparations — the bhasmas and rasas documented in the
two clinical cases— carry lead and mercury four to five orders of magnitude higher, because metals are
added to them on purpose.[3][4] Both share the same regulatory blind spot, and both are consumed under
a'natural equals safe’ assumption that the evidence directly contradicts.

The Mainstream Retail Signal

The first peer-reviewed investigation of heavy-metal contamination in Rhodiola rosea supplements sold
on the U.S. market bought ten products — seven capsules and three tinctures — from a major online
retailer in 2024 and analysed them by ICP-MS, with limits of quantification of 5 ppb for cadmium,
mercury and lead and 10 ppb for arsenic and cobalt.[1] Every one of the seven capsules contained
detectable arsenic, cobalt and lead; all three tinctures were clean.

Total arsenic in the capsules ranged from 21 to 393 ppb and lead from 9 to 88 ppb; cadmium reached
34.7 ppb in the three products where it was detected, mercury appeared once at 10.9 ppb, and cobalt — a
metal absent from most food-contaminant panels — reached 733 ppb in a single product.[1] The most



contaminated capsule contributed roughly 200 ng of arsenic and 360 ng of cobalt per 500 mg serving.
Two caveats travel with these numbers: the arsenic figures are total arsenic, so the toxicologically
decisive inorganic fraction stays unresolved without speciation, and the load varied more than tenfold
across ten products of the same nominal ingredient.[1]

The Intentional-Addition Tail

Two clinical case reports, from different institutions and countries, establish what the upper tail looks
like. In Italy, a 30-year-old man presented with microcytic anaemia, abdominal pain and jaundice after
months of oral Ayurvedic medication; his blood lead reached 102 pg/dL and required three EDTA
chelation cycles, and ICP-MS of four of his product samples found lead up to 23,043 mg/kg and mercury
up to 145,711 mg/kg.[3] In Kerala, a 58-year-old woman taking an internet-purchased Ayurvedic diabetes
capsule daily for about six weeks presented with a blood lead of 121.20 pg/dL ; state drug-analyst testing
returned alead content of 40,657 mg/kg, roughly 4,066 times the Ayurvedic Pharmacopoeia of India's 10
ppm limit.[4][5]

These magnitudes are not environmental. For scale, the worst regional soil in the Italian patient's home
province runs on the order of 520 mg/kg lead and 0.49 mg/kg mercury; the supplement lead was roughly
44 times that soil and the supplement mercury roughly 300,000 times, dispositive evidence that the
metals were added rather than taken up.[3] Rasa Shastra deliberately incorporates processed metalsinto
bhasma and rasa preparations, so no amount of clean sourcing addresses the hazard — the only defence
isanalytical screening of the finished product. One caution belongs with the numbers: despite far higher
mercury than lead in the Italian case, the patient showed lead toxicity, not mercury toxicity, because the
sulphide mercury forms are poorly absorbed from the gut — measured concentration is an upper bound
on hazard, to be read through species and absorption, not adirect dose.[3]

Why Conventional Surveillance Misses It

Conventional food-safety surveillanceis built around foods, and in the enforcement-relevant sense
supplements are not foods. In most Western markets a supplement reaches the shelf without premarket
approval, without a mandated finished-product heavy-metal specification, and without the routine
occurrence monitoring that underpins total-diet studies for ordinary commodities. A comparison of
permitted heavy-metal limits for herbal medicines across nine major pharmacopoeias — the Japanese,
European, U.S., Chinese, Korean, Taiwanese, Indian and British pharmacopoeias plus the WHO
guidelines — found several-fold variation in the allowable limit for the same analyte and matrix, with the
WHO values acting only as afloor.[2]

The fragmentation is the mechanism, not afootnote. A preparation compliant in one jurisdiction can
exceed another's limit by a multiple, and because supplements are regulated as foods rather than drugs,
those pharmacopoeial numbers frequently function as aspirational reference values rather than enforced
rel ease specifications.[2] Distribution compoundsit: two of the four sources here involve products bought
over the internet, a channel that bypasses even the limited retail scrutiny that physical supply chains
impose.[1][4] Against food action limits that sit in the low single-digit to low-tens-of-ppb range, a
consumed product at 40,657 mg/kg lead is on the order of amillion-fold over, and nothing in the ordinary
surveillance system is positioned to catch it.[4]

What this means for certification

The certification consequence is direct: supplements are the category where independent, finished-
product certification does the most work, precisely because government enforcement is weakest there and



the contamination tail isthe most extreme. Neither raw-material provenance nor the label disclosesthe
finished-product metal load, and organic or natural claims constrain neither environmental uptake
concentrated into an extract nor intentional Rasa Shastra addition. Only testing the product as sold closes

the gap.

A Heavy Metal Certified standard answers thisin two moves. First, screening for this category hasto be
multi-metal and matrix-aware — lead, cadmium, total and inorganic arsenic, and both total and, where
the product tradition warrants, speciated mercury — because the retail survey shows a multi-metal signal
and the clinical cases show that a high total-mercury reading can overstate the absorbed dose. Second, the
limit itself is the strictest maximum level set by a credible government regulator, converted to the
product's own basis; because lead, cadmium, inorganic arsenic and methylmercury are the four Tier-1
toxics the program treats most strictly, their ceilings may be set to the stricter of that government
maximum and the cleaner end of the occurrence evidence, while the Tier-2 metals — nickel, tin,
aluminium and hexavalent chromium — adopt the government limit directly. Because the permitted
limits diverge several-fold across pharmacopoeias, no single one can be relied on as that anchor;[2] a
certification that tests the finished product against the strictest credible government limit is the instrument
that actually governs a category the statutory system leaves open.

Frequently asked questions

Do dietary supplements really contain heavy metals?

Yes. A peer-reviewed survey of ten Rhodiola rosea supplements on the U.S. market found detectable
arsenic, cobalt and lead in every one of the seven capsules tested, with total arsenic up to 393 ppb and
lead up to 88 ppb. At the extreme, two clinical case reports documented Ayurvedic capsules carrying lead
at 23,043 and 40,657 mg/kg — high enough to cause acute lead poisoning requiring chelation.

Why is lead in some Ayurvedic medicine so much higher than in ordinary food?

Because in traditional Rasa Shastra preparations the metal is added on purpose rather than taken up from
the environment. Bhasma and rasa products deliberately incorporate processed lead, mercury and arsenic
compounds, which is why documented samples reach tens of thousands of mg/kg — on the order of a
million times the low-ppb action limits that apply to food, and far above anything clean sourcing could
explain.

Are supplements regulated for heavy metals the way food is?

Not in the enforcement-relevant sense. In most Western markets supplements reach the shelf without
premarket approval or a mandated finished-product heavy-metal specification, and a comparison across
nine pharmacopoeias found several-fold variation in permitted limits that often function as reference
values rather than enforced specifications. Products bought over the internet bypass even routine retail
scrutiny.

Does organic or natural labeling protect against heavy metals in supplements?

No. Organic and natural claims constrain neither the environmental uptake of metals concentrated into a
dried extract nor the intentional metal addition used in Rasa Shastra preparations. The only reliable check
isanalytical testing of the finished product as sold, because neither the raw-material source nor the label
disclosesits metal load.

Why does a high measured mercury level not always mean a high mercury dose?

In the documented Italian case the supplement's mercury concentration far exceeded its lead



concentration, yet the patient developed lead toxicity, not mercury toxicity. The sulphide and inorganic
mercury forms used in these preparations are poorly absorbed from the gut, so a measured concentration
isan upper bound on hazard that must be read through chemical species and absorption rather than asa
direct dose.
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