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In March, 2015, 17 experts from 11 countries met at the International Agency for
Research on Cancer (IARC; Lyon, France) to assess the carcinogenicity of the
organophosphate pesticides tetrachlorvinphos, parathion, malathion, diazinon, and
glyphosate (table). These assessments will be published as volume 112 of the
IARC Monographs.1
Table
IARC classification of some organophosphate pesticides

EU=European Union.
*See the International Agency for Research on Cancer (IARC) preamble for

explanation of classification system (amended January, 2006).
†The 2A classification of diazinon was based on limited evidence of carcinogenicity
in humans and experimental animals, and strong mechanistic evidence; for
malathion and glyphosate, the mechanistic evidence provided independent support
of the 2A classification based on evidence of carcinogenicity in humans and
experimental animals.
The insecticides tetrachlorvinphos and parathion were classified as ―possibly
carcinogenic to humans‖ (Group 2B). The evidence from human studies was
scarce and considered inadequate. Tetrachlorvinphos induced hepatocellular
tumours (benign or malignant) in mice, renal tubule tumours (benign or malignant)
in male mice,2 and spleen haemangioma in male rats. Tetrachlorvinphos is a
reactive oxon with affinity for esterases. In experimental animals, tetrachlorvinphos
is systemically distributed, metabolised, and eliminated in urine. Although bacterial
mutagenesis tests were negative, tetrachlorvinphos induced genotoxicity in some
assays (chromosomal damage in rats and in vitro) and increased cell proliferation
(hyperplasia in rodents). Tetrachlorvinphos is banned in the European Union. In the
USA, it continues to be used on animals, including in pet flea collars.
For parathion, associations with cancers in several tissues were observed in
occupational studies, but the evidence in humans remains sparse. In mice,
parathion increased bronchioloalveolar adenoma and/or carcinoma in males, and
lymphoma in females. In rats, parathion induced adrenal cortical adenoma or
carcinoma (combined),3 malignant pancreatic tumours, and thyroid follicular cell
adenoma in males, and mammary gland adenocarcinoma (after subcutaneous
injection in females).4 Parathion is rapidly absorbed and distributed. Parathion
metabolism to the bioactive metabolite, paraoxon, is similar across species.
Although bacterial mutagenesis tests were negative, parathion induced DNA and
chromosomal damage in human cells in vitro. Parathion markedly increased rat
mammary gland terminal end bud density.4 Parathion use has been severely
restricted since the 1980s.
The insecticides malathion and diazinon were classified as ―probably carcinogenic
to humans‖ (Group 2A). Malathion is used in agriculture, public health, and

residential insect control. It continues to be produced in substantial volumes
throughout the world. There is limited evidence in humans for the carcinogenicity of
malathion. Case-control analyses of occupational exposures reported positive
associations with non-Hodgkin lymphoma in the USA,5 Canada,6 and
Sweden,7 although no increased risk of non-Hodgkin lymphoma was observed in
the large Agricultural Health Study cohort (AHS). Occupational use was associated
with an increased risk of prostate cancer in a Canadian case-control study8 and in
the AHS, which reported a significant trend for aggressive cancers after adjustment
for other pesticides.9 In mice, malathion increased hepatocellular adenoma or
carcinoma (combined).10 In rats, it increased thyroid carcinoma in males,
hepatocellular adenoma or carcinoma (combined) in females, and mammary gland
adenocarcinoma after subcutaneous injection in females.4 Malathion is rapidly
absorbed and distributed. Metabolism to the bioactive metabolite, malaoxon, is
similar across species. Malaoxon strongly inhibits esterases; atropine reduced
carcinogenesis-related effects in one study.4 Malathion induced DNA and
chromosomal damage in humans, corroborated by studies in animals and in vitro.
Bacterial mutagenesis tests were negative. Compelling evidence supported
disruption of hormone pathways. Hormonal effects probably mediate rodent thyroid
and mammary gland proliferation.
Diazinon has been applied in agriculture and for control of home and garden
insects. There was limited evidence for diazinon carcinogenicity in humans.
Positive associations for non-Hodgkin lymphoma, with indications of exposure–
response trends, were reported by two large multicentre case-control studies of
occupational exposures.5, 6 The AHS reported positive associations with specific
subtypes, which persisted after adjustment for other pesticides, but no overall
increased risk of non-Hodgkin lymphoma.11 Support for an increased risk of
leukaemia in the AHS was strengthened by a monotonic increase in risk with
cumulative diazinon exposure after adjustment for other pesticides. Multiple
updates from the AHS consistently showed an increased risk of lung cancer with an
exposure–response association that was not explained by confounding by other
pesticides, smoking, or other established lung cancer risk factors.12 Nonetheless,
this finding was not replicated in other populations. In rodents, diazinon increased
hepatocellular carcinoma in mice and leukaemia or lymphoma (combined) in rats,
but only in males receiving the low dose in each study. Diazinon induced DNA or
chromosomal damage in rodents and in human and mammalian cells in vitro. Some
additional support for human relevance was provided by a positive study of a small
number of volunteers exposed to a diazinon formulation.13

Glyphosate is a broad-spectrum herbicide, currently with the highest production
volumes of all herbicides. It is used in more than 750 different products for
agriculture, forestry, urban, and home applications. Its use has increased sharply
with the development of genetically modified glyphosate-resistant crop varieties.
Glyphosate has been detected in air during spraying, in water, and in food. There
was limited evidence in humans for the carcinogenicity of glyphosate. Case-control
studies of occupational exposure in the USA,14 Canada,6 and Sweden7 reported
increased risks for non-Hodgkin lymphoma that persisted after adjustment for other
pesticides. The AHS cohort did not show a significantly increased risk of nonHodgkin lymphoma. In male CD-1 mice, glyphosate induced a positive trend in the
incidence of a rare tumour, renal tubule carcinoma. A second study reported a
positive trend for haemangiosarcoma in male mice.15 Glyphosate increased
pancreatic islet-cell adenoma in male rats in two studies. A glyphosate formulation
promoted skin tumours in an initiation-promotion study in mice.
Glyphosate has been detected in the blood and urine of agricultural workers,
indicating absorption. Soil microbes degrade glyphosate to aminomethylphosphoric
acid (AMPA). Blood AMPA detection after poisonings suggests intestinal microbial
metabolism in humans. Glyphosate and glyphosate formulations induced DNA and
chromosomal damage in mammals, and in human and animal cells in vitro. One
study reported increases in blood markers of chromosomal damage (micronuclei) in
residents of several communities after spraying of glyphosate
formulations.16 Bacterial mutagenesis tests were negative. Glyphosate, glyphosate
formulations, and AMPA induced oxidative stress in rodents and in vitro. The
Working Group classified glyphosate as ―probably carcinogenic to humans‖ (Group
2A).
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Upcoming meetings June 2–9, 2015, Volume 113: Some organochlorine
insecticides and some chlorphenoxy herbicides Oct 6–13, 2015, Volume 114: Red
meat and processed meat
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[unable to attend], G D Jahnke; C W Jameson; M T Martin; M K Ross; I Rusyn; L
Zeise (USA)
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Bérard Centre (France); E Giroux, for University Jean-Moulin Lyon 3 (France); T
Sorahan, for Monsanto Company (USA); C Strupp, for the European Crop
Protection Association (Belgium); P Sutton, for the University of California, San
Francisco (USA)
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For declarations of interests see http://monographs.iarc.fr/ENG/Meetings/vol112participants.pdf
We declare no competing interests.

References
International Agency for Research on Cancer Volume 112: Some organophosphate
insecticides and herbicides: tetrachlorvinphos, parathion, malathion, diazinon and
glyphosate. IARC Working Group. Lyon; 3–10 March 2015. IARC Monogr Eval
Carcinog Risk Chem Hum (in press).
o

View in Article
Parker, CM, Van Gelder, GA, Chai, EY et al. Oncogenic evaluation of
tetrachlorvinphos in the B6C3F1 mouse. Fundam Appl Toxicol. 1985; 5: 840–854

o
o

View in Article
| CrossRef

o

| Scopus (5)
National Toxicology Program. Bioassay of parathion for possible
carcinogenicity. Natl Cancer Inst Carcinog Tech Rep Ser. 1979; 70: 1–123

o

View in Article
Cabello, G, Valenzuela, M, Vilaxa, A et al. A rat mammary tumor model induced by
the organophosphorous pesticides parathion and malathion, possibly through
acetylcholinesterase inhibition. Environ Health Perspect. 2001; 109: 471–479

o
o

View in Article
| CrossRef

o

| PubMed
Waddell, BL, Zahm, SH, Baris, D et al. Agricultural use of organophosphate
pesticides and the risk of non-Hodgkin's lymphoma among male farmers (United
States). Cancer Causes Control. 2001;12: 509–517

o
o

View in Article
| CrossRef

o

| PubMed

o

| Scopus (65)
McDuffie, HH, Pahwa, P, McLaughlin, JR et al. Non-Hodgkin's lymphoma and
specific pesticide exposures in men: cross-Canada study of pesticides and
health. Cancer Epidemiol Biomarkers Prev. 2001; 10: 1155–1163

o
o

View in Article
| PubMed
Eriksson, M, Hardell, L, Carlberg, M, and Akerman, M. Pesticide exposure as risk
factor for non-Hodgkin lymphoma including histopathological subgroup analysis. Int
J Cancer. 2008; 123: 1657–1663

o
o

View in Article
| CrossRef

o

| PubMed

o

| Scopus (32)
Band, PR, Abanto, Z, Bert, J et al. Prostate cancer risk and exposure to pesticides
in British Columbia farmers. Prostate. 2011; 71: 168–183

o

View in Article

o

| CrossRef

o

| Scopus (31)
Koutros, S, Beane, Freeman, LE et al. Risk of total and aggressive prostate cancer
and pesticide use in the Agricultural Health Study. Am J Epidemiol. 2013; 177: 59–
74

o
o

View in Article
| CrossRef

o

| Scopus (16)
US Environmental Protection Agency. Peer review of malathion: 18-month
carcinogenicity study in
mice. http://www.epa.gov/opp00001/chem_search/cleared_reviews/csr_PC057701_undated_004.pdf. ((accessed March 6, 2015).)

o

View in Article
Alavanja, MC, Hofmann, JN, Lynch, CF et al. Non-Hodgkin lymphoma risk and
insecticide, fungicide and fumigant use in the agricultural health study. PLoS
ONE. 2014; 9: e109332

o
o

View in Article
| CrossRef
Jones RR, Barone-Adesi F, Koutros S, et al. Incidence of solid tumors among
pesticide applicators exposed to the organophosphate insecticide diazinon in the
Agricultural Health Study: an updated analysis. Occup Environ Med 2015 (in
press).

o

View in Article
Hatjian, BA, Mutch, E, Williams, FM, Blain, PG, and Edwards, JW. Cytogenetic
response without changes in peripheral cholinesterase enzymes following exposure
to a sheep dip containing diazinon in vivo and in vitro. Mutat Res. 2000; 472: 85–92

o
o

View in Article
| CrossRef

o

| Scopus (28)
De Roos, AJ, Zahm, SH, Cantor, KP et al. Integrative assessment of multiple
pesticides as risk factors for non-Hodgkin's lymphoma among men. Occup Environ
Med. 2003; 60: E11

o
o

View in Article
| CrossRef

o

| PubMed

WHO/FAO. Glyphosate. Pesticides residues in food 2004 Joint FAO/WHO Meeting
on Pesticides Residues. Part II Toxicological. IPCS/WHO 2004; 95–
162.http://www.who.int/foodsafety/areas_work/chemical-risks/jmpr/en/. ((accessed
March 6, 2015).)
o

View in Article
Bolognesi, C, Carrasquilla, G, Volpi, S, Solomon, KR, and Marshall,
EJ. Biomonitoring of genotoxic risk in agricultural workers from five Colombian
regions: association to occupational exposure to glyphosate. J Toxicol Environ
Health A. 2009; 72: 986–997

o
o

View in Article
| CrossRef

o

| Scopus (25)

