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Abstract

Organic certification is not a heavy-metal safety signal. It regulates the inputs and farming practices a 
producer may use, not the soil-borne lead, cadmium and arsenic a crop takes up — and across seven peer-
reviewed organic-versus-conventional datasets it fails to predict a food's metal load. The two largest 
direct comparisons, US infant foods (n=564) and European flaxseed, return statistical nulls for both lead 
and cadmium; three matrices, most clearly US dark chocolate, show the organic segment running higher 
in cadmium; one New Zealand vegetable dataset runs the other way. The certification consequence is that 
an organic seal and a heavy-metal certification answer different questions and are complementary rather 
than interchangeable: organic status constrains synthetic inputs, while only finished-product occurrence 
testing constrains the contamination outcome a buyer actually cares about. A purchaser who reads 
'organic' as 'low in heavy metals' is mis-reading what that seal certifies. The full anchor-source evidence 
base lives on the Heavy Metal Index, the independent literature reference this analysis cites one way.

What Organic Certification Actually Governs

Organic certification regulates the inputs a producer may apply and the farming practices it must follow; 
it does not regulate the soil-borne heavy metals a crop takes up. The USDA National Organic Program (7 
CFR Part 205) and the EU organic regulation (EU 2018/848) define permitted substances and synthetic-
pesticide residue limits, but neither sets an occurrence limit or a monitoring requirement for lead, 
cadmium, arsenic or mercury in the harvested product [1]. The practical consequence is that a farm can 
be in full compliance with organic standards and still ship a product carrying heavy-metal concentrations 
several times above the applicable government limit for that matrix, because the certification is silent on 
the contamination outcome.

This is why organic status and heavy-metal load are best treated as orthogonal. The seal answers a 
question about how a crop was grown; it does not answer the question a heavy-metal buyer is asking, 
which is how much lead, cadmium or arsenic the finished product actually contains.

The Evidence: Nulls, Not Protection

The two largest direct organic-versus-conventional comparisons in the literature return statistical nulls. In 
564 US infant-formula and baby-food products, organic certification showed no significant association 
with either cadmium (p=0.65) or lead (p=0.28) — the cleanest large-sample test of the hypothesis, and a 
null in both directions rather than a protective effect [2]. The same dataset found that rice-containing 
products carried the highest lead and cadmium of any subcategory regardless of organic status, so 
selecting organic rice cereal does not mitigate the dominant ingredient-level driver.

European flaxseed tells the same story from a different matrix. Lead and cadmium did not differ 
significantly between organic and conventional samples, and the two metals that did differ significantly 
— aluminium and nickel — ran lower in the organic group (p=0.0312 and p=0.0142) [3]. Neither dataset 



shows organic certification reducing lead or cadmium exposure; both show it failing to predict the 
outcome at all.

Where Organic Runs Higher

In several matrices the organic segment carries the higher load. The most robust case is US dark 
chocolate: across 72 commercial products analysed by ICP-MS over roughly 2014 to 2022, organic-
certified items carried significantly higher cadmium than conventional ones (p=0.02), with the organic 
segment sitting above the dataset median of 239 ppb cadmium (median lead was 50 ppb) [4]. This 
worked example is treated at length in Lead and Cadmium in Dark Chocolate and bears directly on the 
chocolate standard.

Two weaker designs point the same way. Polish tomatoes showed higher dry-mass cadmium in the 
organic samples, with the sole EU exceedance a canned concentrate at 0.064 mg/kg against the 0.050 mg/
kg limit [5]. In a seven-brand tahini survey, the single organic sample exceeded EU 2023/915 limits for 
both cadmium (0.35 mg/kg) and lead (0.50 mg/kg) and was the only sample with detectable arsenic, 
while the six conventional samples sat at or below the limit of quantification [6]. A Polish cereal-bran 
dataset (S�&W�V6¶��#��r’�—2�F—&V7F–öæ�ÆÇ’�6öç6—7FVçB� ut reports a cadmium magnitude the source itself flags 
as anomalous and excludes from quantitative use, so it is named here for completeness rather than 
counted as evidence.

The Bounded Counterexample

The pattern is not universal, and reading the evidence honestly means saying so. A peer-reviewed New 
Zealand study of 153 vegetable composites, sampled in the wake of Cyclone Gabrielle, found the 
opposite: organic vegetables ran significantly lower in cadmium (p=0.003) and nickel (p<0.001), with 
mercury below detection throughout [7]. The authors note that post-flood washout of surface-soil 
contaminants may have temporarily favoured the organic farms in the sample.

The defensible synthesis is therefore narrower than a categorical claim of elevated organic loads. Organic 
certification is not a reliable heavy-metal signal; in some matrices — most clearly cocoa — the organic 
segment carries the higher load; and in others it does not. The direction is set by soil geochemistry and 
sourcing, not by the seal.

Why the Directional Pattern Appears

Where organic does run higher, the mechanism is soil and supply chain, not the certification itself. Three 
drivers recur. First, organic fertilisation with manure, compost or natural rock phosphate can deliver more 
cadmium to soil than synthetic NPK, because animal manures concentrate dietary cadmium and 
phosphate rocks vary widely in cadmium content; synthetic fertiliser in the EU is now subject to 
cadmium limits under the Fertilising Products Regulation (EU 2019/1009), while organic input streams 
are not held to an equivalent contaminant ceiling. Second, organic sourcing favours single-origin and 
small-farm production, which widens the concentration distribution and lengthens its high-contamination 
tail, whereas conventional commodity chains blend across many farms and regions and mathematically 
compress that variance. Third, organic soils tend toward lower pH, and cadmium bioavailability to plants 
rises sharply below about pH 6.0, so the same soil-cadmium inventory yields more tissue cadmium on a 
lower-pH organic farm.

Cocoa is the clearest illustration. Cadmium there is soil-driven and highest in Andean and Latin 
American growing regions where it has accumulated over geological time; organic cocoa often correlates 
with single-origin sourcing from exactly those high-cadmium regions, while conventional cocoa is more 



often blended with lower-cadmium West African origins [4]. The certification is not causing the 
contamination; it is correlating with a sourcing pattern that selects for the highest-cadmium origins.

What this means for certification

For a certification program the lesson is that an organic seal and a heavy-metal certification are 
complementary instruments answering different questions, and neither can stand in for the other. Organic 
certifies which synthetic inputs and practices were used; a heavy-metal certification tests the finished 
product against occurrence-based limits. A buyer who reads 'organic' as 'low in heavy metals' is mis-
reading what the seal certifies, and a brand that markets it that way is making a claim the literature does 
not support.

The instrument that does answer the buyer's question sets each limit from the strictest maximum level set 
by a credible government regulator, converted to the product's own basis. Because cadmium is one of the 
four Tier-1 toxics — lead, cadmium, inorganic arsenic and methylmercury — the program may set the 
ceiling to the stricter of that government maximum and the cleaner end of the occurrence evidence for the 
category; the Tier-2 metals (nickel, tin, aluminium and hexavalent chromium) adopt the government limit 
directly. Applied to dark chocolate, that means the standard certifies against measured cadmium in the 
finished product, which is precisely the signal an organic seal does not carry. Occurrence testing of the 
finished product, not organic status, is the relevant evidence of heavy-metal safety.

Frequently asked questions

Does organic certification mean lower heavy metals?

No. Across seven peer-reviewed datasets, organic status did not reliably predict lead or cadmium load, 
and the two largest comparisons returned statistical nulls. Organic certification regulates synthetic inputs 
and farming practices, not the soil-borne metals a crop takes up, so it is not a heavy-metal safety signal.

Why does organic dark chocolate have more cadmium?

Cadmium in cocoa is soil-driven and highest in Andean and Latin American growing regions. Organic 
cocoa often correlates with single-origin sourcing from those high-cadmium regions, while conventional 
cocoa is more often blended with lower-cadmium West African origins. In a 72-product US study, 
organic-certified chocolate carried significantly higher cadmium (p=0.02); the certification is not causing 
the contamination, it is correlating with the sourcing.

Is organic baby food safer on heavy metals?

Not on this evidence. The largest US study, 564 infant-formula and baby-food products, found no 
significant association between organic certification and either lead (p=0.28) or cadmium (p=0.65). Rice-
containing products carried the highest levels regardless of organic status, so choosing organic rice cereal 
does not reduce that driver.

Does a heavy-metal certification replace an organic seal?

No. They answer different questions and are complementary rather than interchangeable. Organic 
certifies which synthetic inputs and practices were used, while a heavy-metal certification tests the 
finished product against occurrence-based limits. Neither one substitutes for the other.

Is organic always higher in heavy metals?

No. The pattern is matrix- and sourcing-specific. A peer-reviewed New Zealand vegetable dataset found 



organic significantly lower in cadmium (p=0.003) and nickel (p<0.001). The defensible reading is that 
organic is not a reliable heavy-metal signal, not that it is uniformly worse.
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