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Special Report: Policy

A review of human carcinogens—Part C: metals, arsenic, dusts, 

and fi bres

In March, 2009, 27 scientists from 

eight countries met at the International 

Agency for Research on Cancer (IARC) 

to reassess the carcinogenicity of 

metals, arsenic, dusts, and fi bres 

previously classifi ed as “carcinogenic 

to humans” (Group 1) and to 

identify additional tumour sites and 

mechanisms of carcinogenesis (table). 

These assessments will be published 

as part C of Volume 100 of the IARC 

Monographs.

Inhalation is the primary route of 

exposure to arsenic in the workplace 

and happens in industries such as non-

ferrous smelting, arsenic pro duction, 

wood preservation, glass manu fact-

uring, production and application 

of arsenic-based pesticides, and elec-

tronics. Non-occupational exposure to 

arsenic is mainly through food, except 

in areas with high levels of arsenic 

in the drinking water—eg, Taiwan, 

Bangladesh, West Bengal (India), 

northern Chile, and Cordoba Province 

(Argentina).1 Epidemiological studies 

have shown that exposure to arsenic 

through inhalation or drinking-water 

causes cancer of the lung, skin, and 

urinary bladder. Evidence suggests 

an association between exposure 

to arsenic in drinking water and the 

development of tumours at several 

other sites; however, various factors 

prevent a conclusion. Analytical studies 

have provided only limited information 

to support an association with kidney 

cancer, causes of liver cancer can be 

diffi  cult to elucidate in groups that 

are high-risk for hepatitis B, and 

data on prostate cancer and arsenic 

exposure are not consistent between 

countries. Overall, the Working 

Group classifi ed arsenic and inorganic 

arsenic compounds as “carcinogenic 

to humans” (Group 1). The organic 

arsenicals monomethylarsonic acid 

(MMA) and dimethylarsinic acid 

(DMA) are the active ingredients of 

some herbicides and are metabolites 

of inorganic arsenic. On the basis of 

suffi  cient evidence of cancer caused 

by DMA in experimental animals, 

and because MMA is extensively 

metabolised to DMA, both compounds 

are classifi ed as “possibly carcinogenic 

to humans” (Group 2B). Arsenobetaine 

and other organic arsenic compounds 

that are not metabolised in humans are 

“not classifi able” (Group 3).

The Working Group reaffi  rmed 

the classifi cation of beryllium and its 

compounds, cadmium and its com-

pounds, chromium (VI) compounds, 

and nickel compounds as “carcinogenic 

to humans” (Group 1). Studies involved 

complex occupational exposures to a 

metal and its compounds, making it 

impossible to separately assess their 

carcinogenicity.

Globally, an estimated 125 million 

people are still exposed to asbestos in 

the workplace.2 Although asbestos has 

been banned or restricted in most of the 

industrialised world, its use is increasing 

in parts of Asia, South America, and 

the former Soviet Union.3 Naturally 

occurring sources of asbestos, its use 

in brake linings, and deterioration 

of asbestos-containing products all 

contribute to environmental exposure 

worldwide. Exposure may also come 

from fi bres carried home on the 

clothing of asbestos workers.4
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Group 1 agent Tumour sites (or types) for which 

there is suffi  cient evidence in 

humans 

Other sites with 

limited evidence 

in humans

Established mechanistic events

Arsenic and inorganic arsenic 

compounds 

Lung, skin, urinary bladder Kidney, liver, 

prostate

Oxidative DNA damage, genomic instability, aneuploidy, gene amplifi cation, epigenetic eff ects, 

DNA-repair inhibition leading to mutagenesis

Beryllium and beryllium compounds Lung ·· Chromosome aberrations, aneuploidy, DNA damage

Cadmium and cadmium compounds Lung Prostate, kidney DNA-repair inhibition, disturbance of tumour-suppressor proteins leading to genomic instability 

Chromium (VI) compounds Lung Nasal cavity and 

paranasal sinuses

Direct DNA damage after intracellular reduction to Cr(III), mutation, genomic instability, 

aneuploidy, cell transformation

Nickel compounds Lung, nasal cavity, and paranasal 

sinuses

·· DNA damage, chromosome aberrations, genomic instability, micronuclei, DNA-repair inhibition, 

alteration of DNA methylation, histone modifi cation

Asbestos (chrysotile, crocidolite, 

amosite, tremolite, actinolite, and 

anthophyllite)

Lung, mesothelioma, larynx, ovary Colorectum, 

pharynx, stomach

Impaired fi bre clearance leading to macrophage activation, infl ammation, generation of reactive 

oxygen and nitrogen species, tissue injury, genotoxicity, aneuploidy and polyploidy, epigenetic 

alteration, activation of signalling pathways, resistance to apoptosis 

Erionite Mesothelioma ·· Genotoxicity

Silica dust, crystalline in the form of 

quartz or crystobalite

Lung ·· Impaired particle clearance leading to macrophage activation and persistent infl ammation

Leather dust Nasal cavity and paranasal sinuses ·· ··

Wood dust Nasal cavity and paranasal sinuses, 

nasopharynx

·· ··

Table: Metals, arsenic, dusts, and fi bres assessed by the IARC Monograph Working Group
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Epidemiological evidence has in-

creas ingly shown an association 

of all forms of asbestos (chrysotile, 

crocido lite, amosite, tremolite, 

actino lite, and anthophyllite) with 

an increased risk of lung cancer and 

mesothelioma. Although the potency 

diff erences with respect to lung cancer 

or mesothelioma for fi bres of various 

types and dimensions are debated, 

the fundamental conclusion is that all 

forms of asbestos are “carcinogenic to 

humans” (Group 1). Mineral substances 

(eg, talc or vermiculite) that contain 

asbestos should also be regarded as 

“carcinogenic to humans”.

Suffi  cient evidence is now available 

to show that asbestos also causes 

cancer of the larynx and of the ovary. 

A meta-analysis of cohort studies 

reported a relative risk of cancer of the 

larynx of 1·4 (95% CI 1·2–1·6) for “any” 

exposure to asbestos. With diff erent 

exposure metrics, the relative risk for 

“high” exposure versus “none” was at 

least 2·0 (1·6–2·5).5 Cohort studies of 

women who were heavily exposed to 

asbestos in the workplace consistently 

report increased risks of ovarian cancer, 

as in a study of women in the UK who 

manufactured gas masks during World 

War II.6 Studies suggest that asbestos 

can accumulate in the ovaries of women 

who are exposed to it.7 

The Working Group classifi ed the 

evi dence for an association between 

as bestos and colorectal cancer as 

“limited”, although members were 

even ly divided as to whetherx the 

evidence was strong enough to warrant 

classifi  cation as “suffi  cient”. Further, 

there is “limited” evidence in humans 

for cancers of the pharynx and of the 

stomach. 

The mechanism of the carcinogenicity 

of asbestos fi bres involves a complex 

interaction between the crystalline 

mineral fi bres and target cells. The 

physico chemical properties of asbestos 

fi bres that are most relevant to 

pathogenicity are surface chemistry 

and reactivity, surface area, fi bre 

dimensions, and biopersistence. Direct 

and indirect mechanisms have been 

proposed on the basis of in-vitro cellular 

assays and acute and subchronic animal 

bioassays (table). Respiratory responses 

to inhalation of asbestos fi bres are sub-

stantially diff erent between species, and 

the biological mechanisms res ponsible 

for these diff erences are unknown.

The Working Group reaffi  rmed the 

carcinogenicity of crystalline silica dust 

as Group 1. An increased risk of lung 

cancer was observed across various 

industries and processes.8

The Working Group reviewed 

evidence of epidemiological studies of 

boot and shoe manufacture and repair, 

and found that sinonasal cancers can 

result from exposure to leather dust and 

leukaemias from exposure to benzene. 

A particularly high risk of sinonasal 

adenocarcinoma was noted among 

workers with the highest exposure to 

leather dust.9 Leather dust was classifi ed 

as “carcinogenic to humans” (Group 1).

Epidemiological studies report a 

strong association between exposure 

to wood dust and development of 

sinonasal cancer.10 Only a few studies 

included details of tumour histology 

and substantial risks for sinonasal 

adenocarcinoma were noted. The 

few studies that assessed exposure 

to specifi c wood types found strong 

evidence of carcinogenicity for 

hardwood dusts. Case–control studies 

that investigated exposure to softwood 

dust observed a consistent but smaller 

risk, compared with hardwood dust, 

mainly for squamous-cell carcinoma. 

For cancer of the nasopharynx, 

exposure to formaldehyde is unlikely 

to be responsible for the increased 

risks (compared with the reference 

population) that were reported in most 

case–control studies and in the pooled 

reanalysis of cohort studies.11 Wood 

dust was reaffi  rmed as “carcinogenic to 

humans”.
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