Report on Carcinogens, Fourteenth Edition

For Table of Contents, see home page: http://ntp.niehs.nih.gov/go/roc

Hexachlorobenzene
CAS No. 118-74-1
Reasonably anticipated to be a human carcinogen
First listed in the Third Annual Report on Carcinogens (1983)
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Hexachlorobenzene is reasonably anticipated to be a human carcinogen based on sufficient evidence of carcinogenicity from studies in
experimental animals.
Cancer Studies in Experimental Animals
Oral exposure to hexachlorobenzene caused tumors in several rodent species and at two different tissue sites. Dietary administration
of hexachlorobenzene caused liver tumors (hepatocellular tumors)
in female rats and mice and in hamsters of both sexes. In hamsters of
both sexes, it also caused blood-vessel tumors in the liver (hemangioendothelioma) and benign thyroid-gland tumors (follicular-cell adenoma) (IARC 1979, Smith and Cabral 1980).
Since hexachlorobenzene was listed in the Third Annual Report
on Carcinogens, additional studies in rats have been identified. Dietary exposure caused benign and malignant liver tumors (bile-duct
adenoma and hepatocellular carcinoma) and benign blood-vessel tumors in the liver (hemangioma) in females and benign kidney tumors
(adenoma) in both sexes. Perinatal exposure to hexachlorobenzene
followed by dietary exposure for up to 130 weeks caused benign liver
tumors (hepatocellular adenoma) in females, benign parathyroidgland tumors (adenoma) in males, and benign adrenal-gland tumors
(pheochromocytoma) in both sexes (IARC 1987, 2001).
Cancer Studies in Humans
At the time hexachlorobenzene was listed in the Third Annual Report
on Carcinogens, no epidemiological studies had evaluated the relationship between human cancer and exposure specifically to hexachlorobenzene. Since then, several case-control studies, mostly of
breast cancer, have been published. The International Agency for Research on Cancer concluded that there was inadequate evidence in
humans for the carcinogenicity of hexachlorobenzene (IARC 2001).
No association between exposure to hexachlorobenzene and breast
cancer risk was found in five small case-control studies or three larger
studies that assessed hexachlorobenzene exposure by measuring it in
biological samples obtained close to the time of breast-cancer diagnosis. In a fourth large study, which assessed exposure from banked
serum samples collected prior to diagnosis, breast-cancer risk was
higher among women with higher serum concentrations of hexachlorobenzene than among women with the lowest serum concentrations, based on sampling close to the time of diagnosis; however,
no dose-response relationship was observed. No significant associations between serum hexachlorobenzene concentration and risk of
cancer at other tissue sites were found; however, only one study was
available for each tissue site.
Since the IARC (2001) review, a number of additional studies
have been conducted, mainly of breast cancer and non-Hodgkin lymphoma (NHL). Two studies reported significantly higher serum hexachlorobenzene levels in women with breast cancer than in control
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subjects (Charlier et al. 2003, 2004), but four other studies found no
significant association between serum hexachlorobenzene level and
breast cancer (Lopez-Carrillo et al. 2002, Pavuk et al. 2003, Iwasaki
et al. 2008, Itoh et al. 2009). One study of NHL found a significant
dose-related risk associated with serum hexachlorobenzene (Spinelli
et al. 2007), and two studies found a significantly increased risk among
patients with high Epstein-Barr virus antibody titers (also associated
with NHL) (Hardell et al. 2001, 2009). However, no association with
NHL was observed in a study using banked serum samples collected
up to 20 years prior to diagnosis and analyzed for hexachlorobenzene
(Cantor et al. 2003) or in a multicenter study of lymphoma patients
using blood levels of hexachlorobenzene measured close to the time
of diagnosis (Cocco et al. 2008).

Properties
Hexachlorobenzene is a chlorinated aromatic hydrocarbon that exists
as a white needle-like crystalline solid at room temperature (HSDB
2010). It is practically insoluble in water, sparingly soluble in cold alcohol and carbon tetrachloride, and soluble in benzene, chloroform,
ether, and carbon disulfide. It is stable under normal temperatures
and pressures (Akron 2010). It is combustible but it does not ignite
readily. When hexachlorobenzene decomposes, it emits highly toxic
fumes of hydrochloric acid, other chlorinated compounds, carbon
monoxide, and carbon dioxide. Physical and chemical properties of
hexachlorobenzene are listed in the following table.
Property

Information

Molecular weight
Density
Melting point
Boiling point
Log Kow
Water solubility
Vapor density relative to air

284.8
2.044 g/cm3 at 23°C
231.8°C
325°C
5.73
4.7 × 10–6 g/L at 25°C
9.83

Source: HSDB 2010.

Use
No commercial uses of hexachlorobenzene as an end product in the
United States were identified (ATSDR 2002). Previously, it was used
as a seed-treatment fungicide for onions, sorghum, wheat, and other
grains (IARC 1979). All registered pesticide uses in the United States
were voluntarily cancelled in 1984 (ATSDR 2002). Hexachlorobenzene was also used as a chemical intermediate in dye manufacturing,
in the synthesis of other organic chemicals, and in the production of
pyrotechnic compositions for the military. It was used as a raw material for synthetic rubber, as a plasticizer for polyvinyl chloride, as a
porosity controller in the manufacture of electrodes, and as a wood
preservative (IARC 1979, ATSDR 2002).

Production
Commercial production of hexachlorobenzene in the United States
was first reported in 1933 (IARC 1979). In 1975, 3,200 lb of hexachlorobenzene was produced, but it has not been produced commercially
in the United States since the late 1970s. In 1972, an estimated 2.5
million to 4.9 million pounds of hexachlorobenzene was produced
in the United States as a by-product of production of other chlorinated solvents and pesticides such as tetrachloroethylene, trichloroethylene, carbon tetrachloride, vinyl chloride, atrazine, propazine,
simazine, pentachlorophenol, chlorothalonil, and pentachloronitrobenzene. In addition, hexachlorobenzene may be formed during combustion of municipal waste or in waste streams from chlor-alkali and
wood-preserving plants (IARC 1979, ATSDR 2002).
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In 2002, nine U.S. chemical companies produced hexachlorobenzene for on-site use and processing, as a by-product, or as an impurity (ATSDR 2002). In 2009, hexachlorobenzene was available from
19 suppliers worldwide, including 13 U.S. suppliers (ChemSources
2010). U.S. imports of hexachlorobenzene totaled about 5,400 lb in
1977 and 38,000 lb in 1982 (ATSDR 2002, HSDB 2010). Imports of
hexachlorobenzene and dichlorodiphenyltrichloroethane (DDT)
(reported together) have generally been low since 1989. However,
2.3 million pounds was imported in 1993 and 4.9 million pounds
in 2001, even though neither hexachlorobenzene nor DDT is used
in the United States (USITC 2010). Imports were zero in 2007 and
11 lb in both 2006 and 2008. U.S. exports in this category have remained at about 1 million pounds or less since 1989, reaching a low
of 7,000 lb in 2008. Reports filed under the U.S. Environmental Protection Agency’s Toxic Substances Control Act Inventory Update Rule
indicated that U.S. production plus imports of hexachlorobenzene
totaled 10,000 to 500,000 lb in 1998 and 2002 (EPA 2004).

Exposure
Hexachlorobenzene is highly persistent in the environment and highly
resistant to degradation; therefore, the general population may be exposed at low concentrations (ATSDR 2002). When hexachlorobenzene is released to the environment, it may be taken up by plants and
animals and can bioaccumulate through the food chain. Hexachlorobenzene has been detected in terrestrial, freshwater, and marine food
chains in the Great Lakes and Arctic regions. Populations with the
greatest potential for exposure include those who ingest fish caught
from contaminated water bodies or who reside near former manufacturing or waste-disposal sites.
According to EPA’s Toxics Release Inventory, environmental releases of hexachlorobenzene ranged from over 1 million pounds in
1989 and 1991 to a low of about 12,600 lb in 1997. In 2008, 49 facilities released at total of 50,636 lb of hexachlorobenzene, mostly to
on-site and off-site landfills. The majority of releases came from 5 facilities, and 12 facilities reported releases of more than 100 lb (TRI
2010). When hexachlorobenzene is released to air, it tends to remain
mainly in the vapor phase and can therefore be transported great distances (for example, from temperate to polar regions). When released
to water, hexachlorobenzene is strongly adsorbed to particles and sediment and is not degraded or hydrolyzed (ATSDR 2002). In the Great
Lakes region, hexachlorobenzene was found in drinking and surface
water and, at higher levels, in soil and sediment. In 1972, it was detected in agricultural soils where it had been used as a pesticide, at
lower levels in urban soils, and at higher levels in soils near uncontrolled hazardous-waste sites. It was found at high concentrations in
sediments near industrial sites at Galveston Bay, Texas (ATSDR 2002).
In dietary surveys conducted by the U.S. Food and Drug Administration, the frequency at which hexachlorobenzene was detected
in foods declined from 9% in the early 1980s to less than 2% in 1994
(ATSDR 2002). Consequently, the U.S. average daily intake of hexachlorobenzene through foods declined by a factor of 5 over this period. In the FDA Total Diet Study, hexachlorobenzene was detected
in 229 of 1,748 samples (13%) of 42 different foods; the highest concentration was found in butter (FDA 2006).
Hexachlorobenzene has been detected in the blood of numerous
groups of people, especially indigenous populations of Arctic regions,
in the blood and breast milk of pregnant and lactating women, and in
the placenta and cord blood. Organochlorine compounds were found
in maternal blood in circumpolar populations in Greenland, Canada,
Alaska, Norway, Sweden, Iceland, Finland, and Russia (Van Oostdam
et al. 2004). In Arctic Canada, hexachlorobenzene was detected in
all samples of maternal blood, and at higher concentrations in blood
National Toxicology Program, Department of Health and Human Services

from Inuit women than from Caucasian women in the region. Cordblood plasma concentrations showed a similar trend (Butler Walker
et al. 2003). Breast-milk concentrations of hexachlorobenzene were
elevated in populations of women who ate contaminated local fish
in New York State and Finland (Greizerstein et al. 1999, Kostyniak et
al. 1999, Fitzgerald et al. 2001, Damgaard et al. 2006). Hexachloro
benzene was found in all blood samples from pregnant women in an
agricultural community in California (Fenster et al. 2006). The diet
of the Inuit population in Greenland was studied to determine the
source of the high and increasing concentration of hexachlorobenzene. The blood levels of hexachlorobenzene in Greenland Arctic populations appeared to correlate with consumption of meals containing
seal and whale (Deutch et al. 2004, 2006). Hexachlorobenzene was detected in all adipose tissue samples collected at autopsy from Greenlanders (Dewailly et al. 1999). Hexachlorobenzene was detected in
98% of the blood samples collected from Akwesasne Mohawk youth
living along the St. Lawrence River in New York State and Quebec;
levels were somewhat higher in youths who had been breastfed as
infants (Schell et al. 2003). In a study of consumers of sport fish in
New York State, the mean blood hexachlorobenzene concentration
was not significantly greater than that of nonconsumers of sport fish
(Bloom et al. 2005).
The National Occupational Exposure Survey (conducted from
1981 to 1983) estimated that 1,038 workers at 10 facilities, including
26 women, potentially were exposed to hexachlorobenzene (NIOSH
1990). The largest numbers of exposed workers were chemical technicians (467 workers) and their supervisors (187 workers). Occupations with the highest potential for exposure included fungicide
application, organic-chemical synthesis, synthetic-rubber production, seed disinfection, pesticide production, and wood preservation.

Regulations
Department of Transportation (DOT)
Hexachlorobenzene is considered a hazardous material, and special requirements have been set for
marking, labeling, and transporting this material.
Environmental Protection Agency (EPA)
Clean Air Act
National Emission Standards for Hazardous Air Pollutants: Listed as a hazardous air pollutant.
New Source Performance Standards: Manufacture of hexachlorobenzene is subject to certain provisions
for the control of volatile organic compound emissions.
Urban Air Toxics Strategy: Identified as one of 33 hazardous air pollutants that present the greatest
threat to public health in urban areas.
Clean Water Act
Effluent Guidelines: Chlorinated benzenes are listed as a toxic pollutant.
Water Quality Criteria: Based on fish or shellfish and water consumption = 0.000079 μg/L; based on
fish or shellfish consumption only = 0.000079 μg/L.
Comprehensive Environmental Response, Compensation, and Liability Act
Reportable quantity (RQ) = 10 lb.
Emergency Planning and Community Right-To-Know Act
Toxics Release Inventory: Listed substance subject to reporting requirements.
Resource Conservation and Recovery Act
Characteristic Hazardous Waste: Toxic characteristic leaching procedure threshold = 0.13 mg/L.
Listed Hazardous Waste: Waste codes for which the listing is based wholly or partly on the presence of
hexachlorobenzene = U127, F024, F025, K016, K018, K030, K042, K085, K149, K150, K151.
Listed as a hazardous constituent of waste.
Safe Drinking Water Act
Maximum contaminant level (MCL) = 0.001 mg/L.
Food and Drug Administration (FDA)
Maximum permissible level in bottled water = 0.001 mg/L.
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Guidelines
American Conference of Governmental Industrial Hygienists (ACGIH)
Threshold limit value – time-weighted average (TLV-TWA) = 0.002 mg/m3.
Potential for dermal absorption.

References
Akron. 2010. The Chemical Database. The Department of Chemistry at the University of Akron. http://ull.
chemistry.uakron.edu/erd and search on CAS number. Last accessed: 1/8/10.
ATSDR. 2002. Toxicological Profile for Hexachlorobenzene. Agency for Toxic Substances and Disease Registry.
http://www.atsdr.cdc.gov/ToxProfiles/tp90.pdf.
Bloom MS, Vena JE, Swanson MK, Moysich KB, Olson JR. 2005. Profiles of ortho-polychlorinated biphenyl
congeners, dichlorodiphenyldichloroethylene, hexachlorobenzene, and Mirex among male Lake Ontario
sportfish consumers: the New York State angler cohort study. Environ Res 97(2): 178-194.
Butler Walker J, Seddon L, McMullen E, Houseman J, Tofflemire K, Corriveau A, et al. 2003. Organochlorine
levels in maternal and umbilical cord blood plasma in Arctic Canada. Sci Total Environ 302(1-3): 27-52.
Cantor KP, Strickland PT, Brock JW, Bush D, Helzlsouer K, Needham LL, Zahm SH, Comstock GW,
Rothman N. 2003. Risk of non-Hodgkin’s lymphoma and prediagnostic serum organochlorines:
β-hexachlorocyclohexane, chlordane/heptachlor-related compounds, dieldrin, and hexachlorobenzene.
Environ Health Perspect 111(2): 179-183.
Charlier C, Albert A, Herman P, Hamoir E, Gaspard U, Meurisse M, Plomteux G. 2003. Breast cancer and
serum organochlorine residues. Occup Environ Med 60(5): 348-351.
Charlier C, Foidart JM, Pitance F, Herman P, Gaspard U, Meurisse M, Plomteux G. 2004. Environmental
dichlorodiphenyltrichlorethane or hexachlorobenzene exposure and breast cancer: Is there a risk? Clin
Chem Lab Med 42(2): 222-227.
ChemSources. 2010. Chem Sources - Chemical Search. Chemical Sources International, Inc. http://www.
chemsources.com/chemonline.html and search on hexachlorobenzene. Last accessed: 1/8/10.
Cocco P, Brennan P, Ibba A, de Sanjose Llongueras S, Maynadie M, Nieters A, et al. 2008. Plasma
polychlorobiphenyl and organochlorine pesticide level and risk of major lymphoma subtypes. Occup
Environ Med 65(2): 132-140.
Damgaard IN, Skakkebaek NE, Toppari J, Virtanen HE, Shen H, Schramm KW, et al. 2006. Persistent
pesticides in human breast milk and cryptorchidism. Environ Health Perspect 114(7): 1133-1138.
Deutch B, Pedersen HS, Hansen JC. 2004. Dietary composition in Greenland 2000, plasma fatty acids and
persistent organic pollutants. Sci Total Environ 331(1-3): 177-188.
Deutch B, Dyerberg J, Pedersen HS, Asmund G, Moller P, Hansen JC. 2006. Dietary composition and
contaminants in north Greenland, in the 1970s and 2004. Sci Total Environ 370(2-3): 372-381.
Dewailly E, Mulvad G, Pedersen HS, Ayotte P, Demers A, Weber JP, Hansen JC. 1999. Concentration of
organochlorines in human brain, liver, and adipose tissue autopsy samples from Greenland. Environ Health
Perspect 107(10): 823-828.
EPA. 2004. Non-confidential IUR Production Volume Information. U.S. Environmental Protection Agency.
http://www.epa.gov/oppt/iur/tools/data/2002-vol.html and search on CAS number.
FDA. 2006. Total Diet Study Market Baskets 1991-3 through 2003-4. U.S. Food and Drug Administration.
http://www.fda.gov/downloads/Food/FoodSafety/FoodContaminantsAdulteration/TotalDietStudy/
UCM184304.pdf.http://www.cfsan.fda.gov/~acrobat/tds1byps.pdf
Fenster L, Eskenazi B, Anderson M, Bradman A, Harley K, Hernandez H, Hubbard A, Barr DB. 2006.
Association of in utero organochlorine pesticide exposure and fetal growth and length of gestation in an
agricultural population. Environ Health Perspect 114(4): 597-602.
Fitzgerald EF, Hwang SA, Deres DA, Bush B, Cook K, Worswick P. 2001. The association between local fish
consumption and DDE, mirex, and HCB concentrations in the breast milk of Mohawk women at Akwesasne.
J Expo Anal Environ Epidemiol 11(5): 381-388.
Greizerstein HB, Stinson C, Mendola P, Buck GM, Kostyniak PJ, Vena JE. 1999. Comparison of PCB congeners
and pesticide levels between serum and milk from lactating women. Environ Res 80(3): 280-286.
Hardell E, Eriksson M, Lindstrom G, Van Bavel B, Linde A, Carlberg M, Liljegren G. 2001. Case-control study
on concentrations of organohalogen compounds and titers of antibodies to Epstein-Barr virus antigens
in the etiology of non-Hodgkin lymphoma. Leuk Lymphoma 42(4): 619-629.
Hardell K, Carlberg M, Hardell L, Bjornfoth H, Ericson Jogsten I, Eriksson M, Van Bavel B, Lindstrom G. 2009.
Concentrations of organohalogen compounds and titres of antibodies to Epstein-Barr virus antigens and
the risk for non-Hodgkin lymphoma. Oncol Rep 21(6): 1567-1576.
HSDB. 2010. Hazardous Substances Data Bank. National Library of Medicine. http://toxnet.nlm.nih.gov/
cgi-bin/sis/htmlgen?HSDB and search on CAS number. Last accessed: 1/8/10.
IARC. 1979. Hexachlorobenzene. In Some Halogenated Hydrocarbons. IARC Monographs on the Evaluation
of Carcinogenic Risk of Chemicals to Humans, vol. 20. Lyon, France: International Agency for Research
on Cancer. pp. 155-178.
IARC. 1987. Hexachlorobenzene. In Overall Evaluations of Carcinogenicity. IARC Monographs on the
Evaluation of Carcinogenic Risk of Chemicals to Humans, suppl. 7. Lyon, France: International Agency
for Research on Cancer. pp. 219-220.
IARC. 2001. Hexachlorobenzene. In Some Thyrotropic Agents. IARC Monographs on the Evaluation of
Carcinogenic Risk of Chemicals to Humans, vol. 79. Lyon, France: International Agency for Research on
Cancer. pp. 493-568.

National Toxicology Program, Department of Health and Human Services

Itoh H, Iwasaki M, Hanaoka T, Kasuga Y, Yokoyama S, Onuma H, Nishimura H, Kusama R, Tsugane S. 2009.
Serum organochlorines and breast cancer risk in Japanese women: a case-control study. Cancer Causes
Control 20(5): 567-580.
Iwasaki M, Inoue M, Sasazuki S, Kurahashi N, Itoh H, Usuda M, Tsugane S. 2008. Plasma organochlorine
levels and subsequent risk of breast cancer among Japanese women: a nested case-control study. Sci
Total Environ 402(2-3): 176-183.
Kostyniak PJ, Stinson C, Greizerstein HB, Vena J, Buck G, Mendola P. 1999. Relation of Lake Ontario fish
consumption, lifetime lactation, and parity to breast milk polychlorobiphenyl and pesticide concentrations.
Environ Res 80(2 Pt 2): S166-S174.
Lopez-Carrillo L, Lopez-Cervantes M, Torres-Sanchez L, Blair A, Cebrian ME, Garcia RM. 2002. Serum levels
of beta-hexachlorocyclohexane, hexachlorobenzene and polychlorinated biphenyls and breast cancer in
Mexican women. Eur J Cancer Prev 11(2): 129-135.
NIOSH. 1990. National Occupational Exposure Survey (1981-83). National Institute for Occupational Safety
and Health. Last updated: 7/1/90. http://www.cdc.gov/noes/noes1/a1753sic.html.
Pavuk M, Cerhan JR, Lynch CF, Kocan A, Petrik J, Chovancova J. 2003. Case-control study of PCBs, other
organochlorines and breast cancer in Eastern Slovakia. J Expo Anal Environ Epidemiol 13(4): 267-275.
Schell LM, Hubicki LA, DeCaprio AP, Gallo MV, Ravenscroft J, Tarbell A, Jacobs A, David D, Worswick P. 2003.
Organochlorines, lead, and mercury in Akwesasne Mohawk youth. Environ Health Perspect 111(7): 954-961.
Smith AG, Cabral JR. 1980. Liver-cell tumours in rats fed hexachlorobenzene. Cancer Lett 11(2): 169-172.
Spinelli JJ, Ng CH, Weber JP, Connors JM, Gascoyne RD, Lai AS, et al. 2007. Organochlorines and risk of nonHodgkin lymphoma. Int J Cancer 121(12): 2767-2775.
TRI. 2009. TRI Explorer Chemical Report. U.S. Environmental Protection Agency. Last updated: 3/19/09.
http://www.epa.gov/triexplorer and select Hexachlorobenzene.
USITC. 2010. USITC Interactive Tariff and Trade DataWeb. United States International Trade Commission.
http://dataweb.usitc.gov/scripts/user_set.asp and search on HTS no. 290362. Last accessed: 1/8/10.
Van Oostdam JC, Dewailly E, Gilman A, Hansen JC, Odland JO, Chashchin V, et al. 2004. Circumpolar maternal
blood contaminant survey, 1994-1997 organochlorine compounds. Sci Total Environ 330(1-3): 55-70.

3

