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Abstract
Black pepper usually carries lead, cadmium and arsenic in the tens to low hundreds of µg/kg, with 
aluminum, nickel and chromium far higher. In WHO GEMS/Food, 362 black pepper lead results had 
a median of about 53-60 µg/kg, and 9 (2.5%) were definitely above 600 µg/kg. Total arsenic was 
below detection in most of 197 results, and cadmium had a median below 7 µg/kg.

1  |  Black pepper overview

Lead is the metal most likely to decide a black pepper question, because a minority of lots are far higher than 
the rest. The EU sets a binding maximum of 0.60 mg/kg (600 µg/kg) for lead in dried fruit spices, the class that 
covers peppercorns as dried fruits, and Codex adopted the same 0.6 mg/kg for dried fruit and berry spices; 
neither sets a cadmium limit for pepper.2,7 Market surveys outside routine monitoring report much higher lead: 
means of 714 µg/kg in Malaysian-grown pepper bought in Accra, 730-820 µg/kg in Libya and 2,470 µg/kg in 
bulk pepper from eastern turkey.3,4,8

For a buyer, the supported priorities are a lot-specific lead result with a quantification limit well below the 
applicable limit, a cadmium result for markets that set one, and a supply chain that keeps grinding and handling 
under control.1,2 Whole pepper had a lower lead median than ground pepper in monitoring data, but growing 
origin alone did not settle the question: Malaysian-grown pepper measured 100 µg/kg in Queensland and 714 
µg/kg in Accra.1,3,5

2  |  What counts as black pepper

This page covers black pepper, the dried fruit of Piper nigrum, sold whole, cracked or ground, measured as the 
dry spice without moisture conversion.1,5,6 White pepper, green and long pepper, chilli and bell peppers, spice 
blends and foods seasoned with pepper are outside its scope.1,9,10
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Pepper identity matters because monitoring categories and surveys use different labels. The EU monitoring 
category “Pepper, black and white (Piper nigrum)” does not separate black from white pepper, so its 1,051 
GEMS/Food results are shown separately and not compared with the black pepper reference.1 A WHO region in 
GEMS/Food is a reporting region, and most surveys report where the pepper was bought rather than where it 
was grown.1,3,5

3  |  How metals reach black pepper

Metals reach black pepper through the vine�s uptake from soil and through surfaces and equipment that contact t
he berries during drying and grinding.5,9 The very high aluminum in pepper (29-540 mg/kg in Queensland retail 
samples) is attributed by those authors to aluminum utensils and containers in processing and to accumulation 
by the plant, and an Iraqi survey names drying on bare ground and wear of milling machinery as routes.5,9

Grinding and handling after import are plausible additions. In Libya, ground pepper bought at retail averaged 320 
µg/kg cadmium against 150 µg/kg in wholesale lots sampled on arrival, and lead was also higher at retail (820 
against 730 µg/kg).4 Stainless steel and aluminum equipment are discussed as possible sources of chromium, 
nickel and aluminum, but no source measured them in pepper processing.5

Deliberate lead adulteration, reported for turmeric, has not been shown for black pepper in this evidence.5,16 A 
Georgian household survey found one black pepper sample at 48 mg/kg lead by handheld X-ray fluorescence, 
but four of five were below its 4-8 mg/kg detection limit, and the paper does not say whether that sample was 
among those confirmed by laboratory analysis.16

4  |  Which forms and origins measured lower

For lead, the clearest comparison is form: in GEMS/Food, whole black pepper had a median of 30-52 µg/kg 
(28 results) against 61-68 µg/kg for ground or cracked pepper (211 results).1 Cadmium and arsenic medians in 
both forms sat below the reporting limits, so form does not change those comparisons.1 This is a descriptive 
difference across many laboratories, not a controlled grinding experiment.

Within one study, origin comparisons are more reliable. Among Queensland retail pepper, Vietnamese-grown 
pepper (two samples) had the lowest means of any origin for lead (60 µg/kg), cadmium (9) and arsenic 
(16), while Indian pepper (four samples) had the highest chromium (840) and aluminum (162,000 µg/kg) and 
Chinese pepper the highest arsenic (860 µg/kg, driven by one sample at 1,700).5 For chromium and aluminum, 
Vietnamese pepper (240 and 85,000 µg/kg) was also lower than Chinese (640 and 125,000) and Indian pepper 
(840 and 162,000), and single samples from Sri Lanka (50 and 39,000) and Malaysia (140 and 57,000) were 
lowest of all.5 A single Vietnamese whole pepper bought in Saudi Arabia measured 8 µg/kg lead and 3 µg/kg 
cadmium.6 With one to four samples per origin these are tentative patterns, not a supported preference for a 
country.

Retail and packaging comparisons point in different directions by metal. In Lebanon, bulk pepper had the highest 
cadmium (154 µg/kg against 121-136 for packaged) but the lowest arsenic (126 against 189-200), and lead was 
similar (284-346 µg/kg).10 Ten packaged US retail products all fell in the lowest concern band of a consumer test 
for arsenic, cadmium and lead, while unpackaged pepper from eastern turkey averaged 2,470 µg/kg lead.17,8 
Chromium varied widely, from 96 µg/kg in one Vietnamese sample to a 3,620 µg/kg mean in bulk Moroccan 
pepper.6,14
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For lead, yes in monitoring data: whole black pepper had a GEMS/Food median of 30-52 µg/kg against 61-68 
µg/kg for ground or cracked pepper.1 Cadmium and arsenic medians in both forms were below reporting limits, 
and no single study compared whole and ground pepper from the same lots.1

Within one Queensland study, Vietnamese-grown pepper had the lowest lead (60 µg/kg), cadmium (9) and 
arsenic (16 µg/kg) means of five origins.5 Across studies, Malaysian-grown pepper measured 100 µg/kg lead in 
Australia but 714 µg/kg in Ghana, so the market and handling chain matter as much as the origin.3,5

Not consistently. In Lebanon bulk pepper had more cadmium (154 against 121-136 µg/kg) but less arsenic (126 
against 189-200), and lead was similar.10 The highest lead means came from unpackaged pepper in eastern 
turkey (2,470 µg/kg) and ground pepper in Libya (730-820 µg/kg), while ten packaged US products were all 
lowest concern.4,17,8

5  |  Processing, grinding and handling

No source measured a pepper processing step against a control for metals. Across 23 Iraqi spices pooled, 
unwashed portions carried 7% more lead and 14% more cadmium than washed portions, but no pepper-specific 
effect was reported.9 Steam treatment, irradiation and sterilisation were not assessed for metals in any source 
here.

Grinding is the processing step most likely to matter.1,9 Ground pepper had a higher lead median than whole 
pepper in monitoring data, and one survey author avoided commercially milled spices because milling machinery 
can add trace elements.1,9 White pepper, made by removing the outer layer, is outside this page; the Lebanese 
survey measured it separately.10

6  |  Mitigation from farm to grinder

Controls for black pepper act at drying and handling, at grinding, at procurement and at the release test. The 
only measured comparisons are observational: retail lots in Libya carried more cadmium than wholesale lots on 
arrival, and a food safety management system at Lebanese packers did not lower lead or cadmium.4,10 Drying off 
the ground, controlled milling and lot testing are guidance without measured pepper effects, and testing detects 
metals without removing them.5,9,16

7  |  Trade-offs and limits of controls

Packaging is not a guaranteed fix.10 Packaged Lebanese pepper had less cadmium than bulk but more arsenic, 
and imported packaged pepper had the highest lead mean of the four groups (346 µg/kg).10 The survey authors 
note that packaging helps only if the material itself is food grade and does not release metals.10

Choosing an origin for lower lead can raise another metal or simply move the risk.3,5 In Queensland, the origin 
lowest in lead was not lowest in nickel, and Malaysian-grown pepper measured 100 µg/kg lead in Australia but 
714 µg/kg in Ghana.3,5 Cheaper screening has its own trade-off: handheld X-ray fluorescence found lead in 
spices quickly, but its 4-8 mg/kg detection limit is far above the EU limit of 0.6 mg/kg.2,16

8  |  Testing black pepper for metals

A useful black pepper test must see well below the applicable limit, which for lead in the EU is 600 µg/kg.2 
Laboratory methods in the evidence reached 2-5 µg/kg for lead (ICP-MS in Queensland and Poland), while 
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handheld X-ray fluorescence could not see below about 4,000 µg/kg.5,11,16 Several surveys reported means 
outside their own ranges or below their own detection limits, so method, limits and reference-material checks 
should come with every result.3,11,14

Report non-detects with their limit, keep the method and laboratory, and separate total arsenic from inorganic 
arsenic.1 Only 14 GEMS/Food pepper results measured inorganic arsenic; eight of nine black pepper results were 
below detection limits of 5-18 µg/kg and one was 31 µg/kg, so total arsenic results cannot be read as inorganic 
arsenic.1 Mercury, when measured after dry ashing at 550 °C, can be lost, which makes such results unreliable.9

Some high or inconsistent values do not survive a check against their own papers. A Moroccan survey printed 
a lead mean below its own minimum, and a Serbian survey reported lead below the detection limit implied by 
its own method.14,15 Others are genuine but come from small market surveys with wide spread, such as 2,470 ± 
3,510 µg/kg in eastern turkey.8

9  |  Buying and verifying black pepper

Ask for lot-specific lead results with the laboratory�s quantification limit, compared with the EU fruit-spice m
aximum of 600 µg/kg or the limit in the destination market, and cadmium results where that market sets a c
admium limit.2 Limits differ by market: China sets 1.5 mg/kg lead for spices, and Vietnam 2.0 mg/kg lead, 1.0 
mg/kg cadmium, 5.0 mg/kg arsenic and 0.05 mg/kg mercury.18,19 The EU and Codex values apply to fruit and 
berry spices; the commodity list that formally assigns black pepper to that class is not in the HMI library, so the 
assignment rests on pepper being a dried fruit.2,7

Record the growing origin separately from the packing country and the market where the pepper was bought, 
because most datasets identify only the market.1,3,5 Blends of several origins can hide a high-lead lot that a 
single average will not reveal.

Specify the form and keep control of grinding.1 Whole pepper had a lower lead median in monitoring data, and 
retail ground pepper in Libya had more cadmium than the wholesale pepper it came from.1,4 Ask whether the 
supplier screens imported lots: several survey authors recommend routine monitoring of imported spices, and 
one notes that its market did not test them at the point of entry.4,5,10

10  |  Exposure from black pepper

Black pepper is eaten in small amounts, so its typical results add little to most diets.5 Assuming 1.9 g of all spices 
and herbs a day, a Queensland study estimated that spices supplied about 0.65% of the lead reference point 
and 1.0% of the cadmium tolerable weekly intake for an adult, without singling out black pepper.5 A consumer 
test classed all ten packaged US black pepper products as lowest concern at three quarters of a teaspoon a 
day.17

No source measured metals in a pepper-containing food together with the pepper that went into it. Seasoned 
foods in GEMS/Food, such as cod and peanuts with black pepper, were excluded because the pepper�s c
ontribution cannot be separated.1

11  |  Evidence review and remaining gaps

This assessment covers every source record in the HMI library that is tagged to black pepper or mentions it, plus 
every black pepper row in WHO GEMS/Food and other indexed datasets; each has a recorded decision based on 
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its content. The FDA Total Diet Study has no black pepper or spice food, so it contributes no results. Six sources 
are held in part because their values could not be reconciled with their own methods or figures.3,11,9,10,14,15

The main gaps are speciation and origin. Inorganic arsenic was measured in only 14 monitoring results and 
chromium species not at all, and only three studies report where pepper was grown.1,3,5,6

References identify the sources used in these answers. The Sources index preserves additional discovery 
links; inclusion there does not mean a source has been reviewed for this assessment. Corrections, completed 
searches, new direct evidence and changes in requirements should reopen the relevant answer.

12  |  Black pepper FAQs

Lead is the metal most often found at levels that matter; cadmium, arsenic and mercury are usually low or below 
detection.1,11 Black pepper also carries much more aluminum, nickel and chromium than lead or cadmium, in the 
hundreds to hundreds of thousands of µg/kg.5,6

Through the vine�s uptake from soil, contact with the ground during drying, and equipment during grinding and h
andling.5,9 In Libya, retail ground pepper had twice the cadmium of the wholesale lots it came from (320 against 
150 µg/kg).4

No. In GEMS/Food, 15 organic black pepper lead results had a median of 53 µg/kg, close to 60 µg/kg for 63 
conventional results.1 The organic label describes how pepper was grown, not a metal test of the lot.

Whole pepper was lower in lead in monitoring data, with a median of 30-52 µg/kg against 61-68 µg/kg for ground 
or cracked pepper.1 Grinding is a plausible source, but no study compared whole and ground pepper from the 
same lot.9

In the one study that compared growing origins, Vietnamese pepper had the lowest lead, cadmium and arsenic, 
and Indian pepper the highest chromium and aluminum, from one to four samples each.5 The same origin can 
measure very differently in different markets, as Malaysian pepper did in Australia (100 µg/kg lead) and Ghana 
(714 µg/kg).3,5

No study in the ledger measured both a pepper and the food made with it. Monitoring records for 
pepper-seasoned cod and peanuts exist, but their metals cannot be attributed to the pepper.1

Because pepper is eaten in small amounts, it contributes little to most diets: a Queensland estimate for all spices 
and herbs together put lead at about 0.65% of the reference point for adults.5 A consumer test classed all ten 
packaged US pepper products as lowest concern at three quarters of a teaspoon a day.17

Yes for lead: the EU allows 0.60 mg/kg in dried fruit spices and Codex 0.6 mg/kg in dried fruit and berry spices, 
whole or ground, the classes that cover peppercorns as dried fruits.2,7 China sets 1.5 mg/kg lead for spices, and 
Vietnam sets lead, cadmium, arsenic and mercury limits for spices (2.0, 1.0, 5.0 and 0.05 mg/kg); the EU and 
Codex set no cadmium or arsenic limit for pepper.2,7,18,19

No study measured metal removal from black pepper itself. Across 23 Iraqi spices pooled, unwashed portions 
carried 7% more lead and 14% more cadmium than washed portions, consistent with part of the load sitting on 
the surface.9

Mostly unknown: nearly all studies measured total arsenic only.5,11 Eight of nine black pepper inorganic arsenic 
results in GEMS/Food were below detection limits of 5-18 µg/kg, and the ninth was 31 µg/kg.1
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The evidence here cannot say. White pepper was measured separately in the Lebanese survey and is outside 
this page, and the EU monitoring category mixes the two.1,10

Not consistently: bulk pepper in Lebanon had more cadmium but less arsenic than packaged, and similar lead.10 
The highest lead means came from unpackaged pepper in eastern turkey and retail ground pepper in Libya.4,8

In GEMS/Food, 9 of 362 black pepper lead results (2.5%) were definitely above 600 µg/kg, and 20 of 409 results 
(4.9%) in the mixed black and white pepper category.1 Several small market surveys reported means near or 
above the limit, including 714 µg/kg in Ghana and 730-820 µg/kg in Libya.3,4

There is no evidence of that in the sources here. Lead chromate adulteration has been reported for turmeric, 
and a Georgian survey concluded that lead is likely added to some spices to enhance color, but its single high 
black pepper reading was not shown to be adulteration.5,16

Aluminum in Queensland retail pepper ranged from 29 to 540 mg/kg, far above lead or cadmium.5 The 
Queensland authors attribute it to aluminum utensils and containers in processing and to accumulation by the 
plant, and put all spices together at about 3.4% of the tolerable weekly aluminum intake for adults.5

Check that the laboratory�s quantification limit is far below 600 µg/kg; ICP-MS in the surveys here reached 2-5 µ
g/kg.2,5,11 Handheld X-ray fluorescence could not see below about 4,000 µg/kg, too high to check the limit.16

Very little: all 26 Polish samples were below 5 µg/kg and Queensland pepper reached at most 17 µg/kg.5,11 One 
Iraqi study reported 311 µg/kg, but it measured mercury after ashing at 550 °C, which drives mercury off, so that 
value is not used.9
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