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Abstract

Lead is the metal that decides most cinnamon questions. In 808 WHO GEMS/Food lead results for
cinnamon bark from 2003 to 2024, the median was about 350 ug/kg and 103 results (13%) were
above 2,000 ug/kg, the EU maximum for bark spices. Codex set a 2,500 ug/kg lead limit for dried
bark spices in 2025, and China allows 3,000 pg/kg for cassia bark.

1 | Cinnamon overview

Retail surveys show the same wide spread. Ten powdered products bought in Queensland ranged from 150 to
7,000 pg/kg lead, 37 bulk samples from Casablanca averaged 2,050 ug/kg, and five cassia samples from Iraq
averaged 4,159 pg/kg, while single samples from Indonesia and Serbia held 23 and 310 ug/kg.‘l’s’g’w’11
is usually a few hundred pg/kg, and chromium, nickel and aluminum are high enough in some products to matter
alongside lead."**

Cadmium

A separate problem is deliberate adulteration. In 2023 cinnamon ground in Ecuador and contaminated with lead
chromate reached the United States in apple cinnamon pouches that held 1,900-5,800 ug/kg lead as sold, and
566 cases of elevated blood lead were reported in 44 states, the District of Columbia and Puerto Rico.>"” Those
results are kept apart from the ordinary occurrence data on this page. For a buyer, the supported priority is a
lot-specific result for lead and chromium together, with species and form recorded; a species label or an origin
alone does not settle it.">®

2 | What counts as cinnamon
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This page covers dried cinnamon bark, sold ground or as sticks and pieces, from any Cinnamomum species.1'4
Cassia (C. Cassia and related species, including Saigon and Indonesian cinnamon) and Ceylon cinnamon (C.
Verum, also called C. Zeylanicum or true cinnamon) are labeled separately wherever a source names the species,
and cinnamon of unstated species stays its own group.1'4’5'13

Species labels are rarely verified. An Australian survey labeled all ten products C. Verum although two came from
China and two from Vietnam, where cassia is the usual crop, and no study in the ledger authenticated the species
analytically.4 cinnamon flowers, cinnamon sugar, blended teas, cinnamon-flavoured cereals and bakery, infant
foods that list cinnamon, and purging cassia (Cassia fistula, a different plant) are outside this s,c:ope.1’14

Place names need the same care. A WHO GEMS/Food region is the region that reported the result, not where

the bark grew, and most surveys report where the product was bought.1'9’13 Finished applesauce from the 2023
. . L . . . 12

outbreak is a different material: its lead was measured in the puree, not in the cinnamon.

3 | How metals reach cinnamon

Cinnamon carries metals from two very different routes. The ordinary route is the bark and what settles on it:
nearly every product carries measurable lead, cadmium, nickel, chromium and aluminum, consistent with uptake
from soil and with dust."*” In Iraq, unwashed spices held on average 7% more lead and 14% more cadmium
than the same spices washed, a sign that part of the burden sits on the surface.’

The second route is adulteration. The United States Food and Drug Administration traced the 2023 applesauce
lead to cinnamon ground in Ecuador and reported that the lead and chromium came from lead chromate, a yellow
pigment.s'12 Lead chromate raises lead and chromium together, so the two are screened as a pair; a Western
Australian survey of 380 products found no evidence of high lead chromate in the samples it screened.*®

Equipment and grinding are plausible third routes. Australian authors suggest that aluminum utensils and
stainless-steel equipment may add aluminum, chromium and nickel; the Viethamese product with 7,000 ug/kg
lead also carried 920,000 pg/kg aluminum, 4,000 ug/kg chromium and 2,000 ug/kg nickel.* No study in the
ledger measured cinnamon before and after grinding.

4 | Which cinnamon types and origins measured lower

For lead, cinnamon labeled as Ceylon (C. Verum) measured lower than cinnamon labeled as cassia in the largest
dataset.' In WHO GEMS/Food, 58 lead results labeled C. Verum had a median of 225 pug/kg, with 2 (3%) above
2,000 pg/kg, against a median of 392 ug/kg and 60 of 268 (22%) above 2,000 ug/kg for results labeled cassia.
Most cassia results came from one Western Pacific reporting region, so species and source cannot be separated,
and the labels were not verified.'

Within single studies, the C. Verum label did not guarantee low lead.”" Queensland products labeled C. Verum
ranged from 150 ug/kg (China) and 160 pg/kg (Vietnam) to 2,400 ug/kg (Sri Lanka), 2,500 ug/kg (India) and 7,000
Hg/kg (Vietnam).” Three C. Verum samples on the Italian market measured 294 ug/kg (Madagascar) and 766
pg/kg (Indonesia), while the Viethnamese sample was higher but its printed mean conflicts with its own replicate
range.13 These are lowest observed values from one to two samples per country, not a ranking of countries.
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Form mattered more consistently for lead. Sticks and pieces in GEMS/Food had a median of 90 pug/kg and none
of 46 results above 2,000 pg/kg, against a median of 560 pg/kg and 20 of 234 above it for ground cinnamon.’
Western Australia found that most lead results above 2,000 ug/kg were ground cinnamon.® This is a tentative
pattern: the sticks came from fewer regions and years.1

Cadmium follows species and origin less clearly. GEMS/Food cadmium had a median of about 220 pg/kg with no
result above 1,000 pg/kg, and C. Verum-labeled results were somewhat lower (median 150 against 230 ug/kg).1
One Sri Lankan product in Queensland reached 3,700 pg/kg while the other held 150 pg/kg, and five Iragi cassia
samples averaged 874 pg/kg.ﬂ"5

Choosing sticks for lead can raise chromium. In the one GEMS/Food submission that measured chromium, five
stick samples had a median of 760 ug/kg against 215 pg/kg for ten ground samples.1 Arsenic and mercury are
low enough in most cinnamon that their comparisons rarely change a decision: GEMS/Food total mercury never
exceeded 50 pg/kg and inorganic arsenic was 27 ug/kg at most.’

In the monitoring data, yes on average: GEMS/Food results labeled C. Verum had a median of 225 pg/kg lead
against 392 ug/kg for cassia-labeled results, and far fewer exceeded 2,000 ug/kg (3% against 22%).1 But the
labels were not verified, most cassia results came from one reporting region, and Australian products labeled
C. Verum ranged up to 7,000 pg/kg.1’4

For lead, yes in the monitoring data: sticks had a median of 90 ug/kg and none of 46 results above 2,000 ug/kg,
against 560 pg/kg for ground cinnamon.’ For chromium, the one submission measuring both forms found sticks
higher (median 760 against 215 ug/kg).1

5 | Washing, processing and finished foods

Processing evidence for cinnamon is thin. Across 23 Iraqi spices, unwashed portions held on average 7%
more lead, 14% more cadmium and 11% more mercury than portions washed with tap and deionised water;
cinnamon was not reported separately and the unwashed values were not printed.5 No study measured roasting,
sterilisation or extraction.

Finished foods carry the cinnamon'’s metals into much larger servings. A baby-food manufacturer accepted nine c
innamon lots with 20-887 pg/kg lead and 117-345 ug/kg cadmium under an internal specification of 1,000 ug/kg, a
nd another recalculated one lot to the finished food as consumed.14 In the outbreak, the adulterated cinnamon
raised lead in the whole puree to 1,900-3,000 ug/kg in pouches from affected homes."

6 | Mitigation from sourcing to recall

Controls for cinnamon act at sourcing, at lot acceptance and at recall. The measured comparisons are
observational: lower lead in sticks than in ground cinnamon and in C. Verum-labeled than in cassia-labeled
results, and higher lead exceedance in bulk than in packaged spices in Lebanon."" Testing for lead and
chromium together detects lead chromate before release, and recall audits found recalled pouches still on 5
of 217 store shelves weeks later.>® "

7 | Trade-offs and limits of controls

Every sourcing lever has a cost. Sticks were lower in lead but higher in chromium in the one submission that
measured both, and the C. Verum label did not prevent 2,400-7,000 ug/kg lead in Australian products.1’4 A
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specification set high enough to pass every lot, such as 1,000 pg/kg for lead in infant-food cinnamon, accepts
lots that a lower limit would reject.14

Screening for the adulterant has limits too. A lead result alone does not show whether lead chromate is present;
Western Australia used co-elevated lead and chromium as its screen, while FDA confirmed lead chromate only
with an additional analysis.3’6

8 | Testing cinnamon for metals

A useful cinnamon test measures lead, chromium and cadmium, with quantification limits well below 2,000
pg/kg for lead.”” Most GEMS/Food lead results carried detection limits of 3-30 ug/kg, but 75 used 100 ug/kg,
and arsenic and tin results often used limits of 100-500 ug/kg, too high to describe typical cinnamon.' Several
surveys printed values only in figures or named no statistic, and Western Australian and Lebanese reports gave
counts of samples above thresholds that conflict with their own figures or tables.> 8"

Record species, form, labeled origin and purchase market with every result, and report non-detects with their

. .14 . . . . .

limit. "~ Chromium results are total chromium; lead chromate contains hexavalent chromium, but no source in the
S 3,20

ledger measured hexavalent chromium in cinnamon.™

Some high values are real: GEMS/Food holds lead results up to 23,800 ug/kg and Iraqi cassia averaged 4,159
ug/kg.w Others do not survive a check against their own papers, such as a Bangladeshi sample whose lead is
10,050 pg/kg in the text and about 15,470 pg/kg in the paper's own figure and tables.”

9 | Buying and verifying cinnamon

Ask for lot-specific lead and chromium results with the laboratory’s quantification limit, compared with the limit i
n the destination market.””*® Limits differ: the EU allows 2,000 pg/kg lead in bark spices, Codex 2,500 ug/kg,
China 3,000 pg/kg for cassia bark, and Vietnam 2,000 ug/kg lead and 1,000 pg/kg cadmium in spices.2’7’8’21

Record the species, the form and the growing origin separately from where the cinnamon was packed or
bought.1’4 Whole sticks and C. Verum-labeled lots were lower in lead in the monitoring data, but a label is not a
verified species and one survey's C. Verum products reached 7,000 pg/kg.1'4 Lebanese packers with and without
a food safety management system showed the same lead exceedance rate, so a management system alone is
not evidence of metal control.””

10 | Exposure from cinnamon

Cinnamon is eaten in small amounts, but children eat more per kilogram of body Weight.zz’23 In a Southern

California survey, people who ate cinnamon averaged 1.34 g a day, and United States dietary data used by New

York State put children under seven at 4.1-9.1 mg per kilogram of body weight a day among eaters, against 1.8
22,23 . . \ . .

mg for adults. No source in the ledger estimated what share of a person’s lead intake comes from cinnamon.

The outbreak shows what adulterated cinnamon can do in a children’s food. Pouches held 1,900-3,000 pg/kg |
ead in affected homes, and among 531 confirmed and probable cases the median highest blood lead was 7.2 u
g/dL.3’12 Two cinnamon samples collected from North Carolina homes of children with elevated blood lead held
2,500-2,700 pg/kg lead.”

11 | Evidence review and remaining gaps
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This assessment covers every source record in the HMI library that is tagged to cinnamon or mentions it, plus
every cinnamon row in the WHO GEMS/Food, FDA and other indexed datasets; each has a recorded decision
based on its content. Values from four papers are held because they could not be reconciled with their own
5,13,15,17 . s - .
methods or tables. Gaps remain: one X-ray fluorescence study's cinnamon result sits in an unretrieved s
. . . 425
upplement, and no study authenticated the cinnamon species.

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 | Cinnamon FAQs

Lead is the metal most often found at levels that matter, with a GEMS/Food median of about 350 pg/kg and 13%
of results above the EU limit of 2,000 ug/kg.1’2 cinnamon also carries cadmium (GEMS/Food median about 220
pg/kg), chromium, nickel and a great deal of aluminum; arsenic and mercury are usually low."**

Mostly from soil and dust taken up or deposited on the bark, and in some lots from deliberate adulteration with
lead chromate.>” The 2023 outbreak cinnamon was contaminated this way after grinding in Ecuador.’

No source in the ledger compares organic and conventional cinnamon for metals. Organic-labeled lots tested

by a baby-food manufacturer held 20-126 ug/kg lead and 117-225 ug/kg cadmium, so organic cinnamon is not
14

metal-free.

In the monitoring data, whole sticks and cinnamon labeled C. Verum (Ceylon) were lowest, with lead medians
of 90 and 225 pg/kg.1 Neither is a guarantee: Australian products labeled C. Verum reached 7,000 ug/kg, and
sticks were higher in chromium."*

The evidence cannot rank countries. Single samples from Indonesia measured 23 ug/kg lead in one study and
766 ug/kg in another, products from Vietnam and Sri Lanka ranged from 160 to 7,000 pg/kg within one survey,
and most datasets record only where cinnamon was bought.4’1o’13

They can carry the cinnamon’s metals: in the 2023 outbreak, apple cinnamon pouches held 1,900-5,800 ug/kg |
ead because of adulterated cinnamon.'” No study in the ledger measured an ordinary cinnamon and the food
made with it together.

Cinnamon is eaten in small amounts, about 1.8 mg per kilogram of body weight a day for adult eaters in United
States data, but children under seven eat two to five times more per kilogram.22 No source inthe ledger estimated
cinnamon'’s share of lead intake, and adulterated cinnamon caused the 2023 outbreak with 566 reported cases o
f elevated blood lead.’

Yes, mostly for lead: the EU allows 2.0 mg/kg in bark spices, Codex 2.5 mg/kg, China 3.0 mg/kg for cassia bark

and Vietnam 2.0 mg/kg for :;pices.2’7'8’21 Vietnam also limits cadmium (1.0 mg/kg) and mercury (0.05 mg/kg) in
. 21

spices.

Only partly, and not reliably: across 23 spices, unwashed portions held on average 7% more lead and 14 % more
cadmium than washed portions.5 No method removes lead chromate from adulterated cinnamon; lots must be
tested and rejected.3’6
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. . . L 4,20
Surveys measure total chromium, and no source in the ledger measured hexavalent chromium in cinnamon.

Lead chromate contains hexavalent chromium, which is why FDA flagged chromium in the outbreak cinnamon.®

For lead, yes in GEMS/Food: sticks had a median of 90 ug/kg against 560 ug/kg for ground cinnamon.” For
chromium the one paired submission found the opposite.1

For lead, C. Verum-labeled cinnamon measured lower on average in monitoring data, but the labels were not
verified and individual C. Verum products reached 7,000 ug/kg.1’4 No source in the ledger compared the two
species directly under one method.

Children under seven eat 4.1-9.1 mg of cinnamon per kilogram of body weight a day among eaters in United

States data, more than adults.”? The 2023 outbreak affected mostly young children who ate apple cinnamon
pouches.g’12
In October 2023 apple cinnamon fruit puree pouches were recalled after North Carolina found 1,900-3,000 ug/kg
lead in pouches from affected homes."” FDA traced the lead to cinnamon ground in Ecuador and contaminated
with lead chromate; the recall grew to 2,998,088 pouches.3

Measure lead and chromium in the same lot: lead chromate raises both, and Western Australia used co-elevated
lead and chromium as its screen.® FDA confirmed lead chromate with an additional analysis after the high lead
and chromium results.3

Possibly: across 13 spices in Lebanon, 31% of bulk composites exceeded 0.3 mg/kg lead against 12% of locally
packaged ones." For cinnamon itself the difference was small: bulk composites averaged 318 pg/kg lead against
269 pg/kg for packaged brands with a food safety system, and 37 bulk Moroccan samples averaged 2,050

ug /kg.9’15

Yes, often a lot: Queensland products averaged 308,100 pg/kg aluminum and GEMS/Food results from the

Western Pacific had a median of 139,000 pg/kg.1’4 Aluminum is not limited in spices by the instruments verified
2,21

here.”™

Not clearly: the share of GEMS/Food results above 2,000 pg/kg was 11% for 2003-2012, 19% for 2013-2017 and
8% for 2018-2024." These are national submissions from changing countries and regions, not a fixed panel of
products.
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