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Abstract

Yes — the vessel a food is cooked in can itself add lead, cadmium, nickel, chromium and aluminium to 
that food at the cooking step, independent of how clean the raw ingredient was. Five independent studies 
from Pakistan, Saudi Arabia, Iraq, Nigeria and Thailand converge on this point: in one experiment the 
same cut of meat cooked in six different pots ended with cadmium spanning roughly 0.005 to 0.4 ppm 
and lead spanning about 0.6 to 1.0 ppm, driven by vessel choice alone, while new non-anodized 
aluminium released lead rising to 5.66 mg/L into an acidic liquid over two hours. The transfer is 
conditional — acidic, long-cooked, degraded or informally manufactured vessels drive it, and neutral 
short cooking of plain rice showed little. For certification the consequence is direct: a food certification 
verifies the finished product, so a clean ingredient is necessary but not sufficient, and cookware belongs 
to a materials standard distinct from food-content limits. The full anchor-source evidence base lives on 
the Heavy Metal Index, the independent literature reference this analysis cites one way.

The Contamination Ingredient Testing Cannot See

Heavy-metal surveillance is built around the ingredient and the packaged product as sold. A sample of 
raw rice, raw meat or a bottled ingredient is digested and analysed, and the result is treated as the 
consumer's exposure from that food. That measurement is taken before the food ever meets a cooking 
vessel, so any metal contributed by the vessel at the cooking step is invisible to it by construction.

The most complete measurement of that hidden step comes from Pakistan, where 30 locally purchased 
cookware items were analysed by X-ray fluorescence and then leached under controlled conditions. 
Vessel lead content was high — 3.20 g/kg in non-anodized aluminium, 4.64 g/kg in anodized aluminium, 
0.88 g/kg in stainless steel and 2.90 g/kg in copper — and, more importantly, that reservoir moved. New 
non-anodized aluminium released lead of 1.52 mg/L into 4% acetic acid at 0.5 h, 3.22 mg/L at 1 h and 
5.66 mg/L at 2 h, with cadmium rising from 0.11 to 0.30 mg/L over the same interval; the same vessel in 
neutral distilled water released roughly a thousand times less, 0.002 to 0.005 mg/L. Cooking meat for one 
hour produced lead of 1.20 ppm from non-anodized aluminium and 0.40 ppm from anodized, confirming 
the transfer occurs in a real food matrix and not only in a laboratory acid.[1]

One Cut of Meat, Six Different Pots

The most direct demonstration of the counterintuitive point holds the ingredient constant and varies only 
the vessel. In Iraq, one batch of meat was cut into roughly 2 cm pieces and cooked in six materials — 
clay, iron, copper, aluminium, Teflon-coated and glass — then analysed by atomic absorption.[2]

The same starting meat ended with materially different metal loads depending only on the pot. Cadmium 
in the cooked meat was 0.4 ppm from the Teflon-coated pan, 0.20 ppm from aluminium, 0.06 ppm from 
copper and just 0.005 ppm from iron — a roughly eighty-fold spread. Lead was highest from the iron pot 
at 1.0 ppm, then glass at 0.90 ppm, copper at 0.70 ppm and aluminium at 0.60 ppm, and aluminium in the 



cooked meat reached 2.0 ppm from the aluminium pot against 0.007 ppm from clay. The study did not 
separate vessel-derived metal from metal already in the source meat, so the absolute values carry that 
caveat; but because the design varies only the vessel, the between-vessel differences are attributable to 
the vessel. An ingredient-level test, taken upstream, cannot bound a cadmium value that ranges from 
0.005 to 0.4 ppm in the finished dish depending on the pot alone.

Even Neutral Boiling Water Migrates Lead

The transfer does not require an aggressive acid. In Saudi Arabia, 46 imported aluminium cookware 
items from a Riyadh market were each used to boil 0.9 L of distilled water for 30 minutes at 100 °C, and 
the remaining water was analysed by ICP-OES for ten elements.[3]

Even in neutral boiling water, lead migrated into the range 0.099 to 0.184 mg/L among detected samples 
and total arsenic into 0.012 to 0.164 mg/L, with cadmium detected in about 11% of items, nickel up to 
0.213 mg/L and chromium up to 0.017 mg/L. This is a milder condition than the acetic-acid test, yet it 
still pulled detectable lead near or above 0.1 mg/L from a subset of low-cost imported pots. Because the 
matrix was distilled water rather than food, these are migration values under a defined contact condition, 
not food-occurrence values; the chromium and arsenic here are total chromium and total arsenic, with no 
hexavalent-chromium or inorganic-arsenic speciation.

The Boundaries, and the Mechanism

The pathway is conditional, and two of the five studies are boundary conditions that keep the claim 
honest. In Nigeria, four informally manufactured cookware samples carried a large reservoir of metal — 
mean lead of 136 mg/kg (up to 439 mg/kg) and mean nickel of 181 mg/kg (up to 578 mg/kg), with a 
battery moulding input at 1004 mg/kg lead pointing to recycled lead-acid scrap. Yet when distilled water 
was boiled in that same cookware for one, two and three hours, lead, cadmium, chromium, nickel and 
manganese all fell below the 0.01 mg/L detection limit.[4] High total content did not, on its own, predict 
transfer under mild conditions. In Thailand, white rice cooked in five vessel types across four water 
chemistries showed no substantial rise over raw grain — aluminium was 76.50 mg/kg raw against 76.83 
mg/kg cooked — and the study attributed its calculated hazard to the rice itself rather than to vessel 
transfer.[5]

The mechanism reconciles the large transfers with these nulls. Metal moves from vessel to food by 
corrosion and dissolution, governed by the food's acidity, the contact time, the temperature and the 
vessel's surface. Acidity dominates: the same non-anodized aluminium released roughly a thousand times 
more lead into 4% acetic acid than into distilled water, and time compounded it across the 0.5-to-2-hour 
window.[1] Vessel identity selects which metal enters the food — copper vessels raised copper, iron 
raised lead, and Teflon and aluminium raised cadmium.[2] Integrity matters too: an old, degraded non-
anodized aluminium pot released lead of 0.22 mg/L in neutral water against 0.003 mg/L from a new one, 
and anodization roughly halved lead release.[1] The informally cast, recycled-scrap cookware sits 
upstream of all of this, holding a far larger pool of leachable lead and cadmium for an aggressive matrix 
to extract.[4] High transfer therefore tracks acidic, long-cooked or degraded-and-informal combinations; 
neutral, short cooking of a low-affinity food such as plain rice transfers little.

What this means for certification

The certification consequence follows directly. A food certification verifies the finished product or 
ingredient as sold, and its metal result is measured upstream of the cooking step, so it cannot observe 
metal the vessel introduces. A clean ingredient is therefore necessary but not sufficient: a brand can 



source a genuinely clean raw material and a consumer can still receive an elevated dose because the pot 
in the kitchen — or in an informal food-service kitchen — is the contamination source.

That places cookware and utensils under a materials, or food-contact-material, standard, which is a 
distinct lever from the food-content limits that govern the ingredient. The two should not be conflated. 
For food content, the program's default limit for any product and analyte is the strictest maximum level 
set by a credible government regulator, converted to the product's own basis. Because lead and cadmium 
are two of the four Tier-1 toxics (lead, cadmium, inorganic arsenic, methylmercury), the program may set 
their limit to the stricter of that government maximum and the cleaner end of the occurrence evidence; 
the metals this pathway also implicates — nickel, aluminium and hexavalent chromium — are Tier-2 and 
adopt the government limit directly.

For a materials standard, the evidence points to migration-limit testing of low-cost imported and 
informally manufactured metal cookware for lead and cadmium under acidic conditions, the condition 
under which release was largest, and to treating recycled-scrap cookware as a lead source in its own right. 
One caveat bounds the chromium framing: every source measured total chromium, and none speciated 
hexavalent chromium or inorganic arsenic, so a credible standard should test for those forms rather than 
infer them. The finding is not that all cooking contaminates all food; it is that the cooking vessel is a real, 
quantified contamination variable that food-content testing does not see, and closing that gap takes a 
separate standard aimed at the material itself.

Frequently asked questions

Can cookware add heavy metals to food even when the ingredients are clean?

Yes. In a controlled study the same cut of meat cooked in six different pots ended with cadmium from 
0.005 to 0.4 ppm and lead from 0.6 to 1.0 ppm, driven by the vessel alone, and new non-anodized 
aluminium released lead rising to 5.66 mg/L into acidic liquid over two hours. Because ingredient testing 
samples the food before it meets a pot, this cooking-step transfer is invisible to it.

Which cookware leaches the most metal, and under what conditions?

Non-anodized or worn aluminium and informally cast recycled-scrap cookware carry the largest 
reservoirs, and transfer is highest with acidic, long-cooked foods. Acidity dominates — one aluminium 
vessel released about a thousand times more lead into 4% acetic acid than into neutral water — while 
anodizing the aluminium roughly halved lead release.

Does this mean all cooking contaminates food?

No. The pathway is conditional. Neutral, short cooking of plain rice showed no substantial metal increase 
over raw grain, and high-content Nigerian cookware released nothing above the 0.01 mg/L detection 
limit when only distilled water was boiled in it. The risk concentrates in acidic, long-cooked, degraded or 
informally manufactured combinations.

Does a food certification cover contamination from cookware?

A food certification verifies the finished product or ingredient as sold, so it does not observe metal 
introduced later at the cooking step. Cookware falls under materials, or food-contact-material, controls 
— a distinct lever from food-content limits — which is why a clean certified ingredient is necessary but 
not sufficient for a clean cooked meal.
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