CAPROLACTAM
Data were last reviewed in IARC (1986) and the compound was classified in IARC
Monographs Supplement 7 (1987).

1.

Exposure Data

1.1
Chemical and physical data
1.1.1
Nomenclature
Chem. Abstr. Serv. Reg. No.: 105-60-2
Chem. Abstr. Name: Hexahydro-2H-azepin-2-one
IUPAC Systematic Name: Hexahydro-2H-azepin-2-one
Synonyms: 2-Ketohexamethylenimine; 2-oxohexamethylenimine
1.1.2

Structural and molecular formulae and relative molecular mass
O

H
N

C6H11NO

Relative molecular mass: 113.16

1.1.3
Chemical and physical properties of the pure substance
(a) Description: White crystalline solid (American Conference of Governmental
Industrial Hygienists, 1991)
(b) Boiling-point: 270°C (Lide, 1997)
(c) Melting-point: 69.3°C (Lide, 1997)
(d) Solubility: Very soluble in water, benzene, diethyl ether, and ethanol; soluble in
methanol, tetrahydrofurfuryl alcohol, dimethylformamide, chlorinated hydrocarbons, and petroleum fractions (Budavari, 1996; Lide, 1997)
(e) Vapour pressure: 800 Pa at 120°C (American Conference of Governmental
Industrial Hygienists, 1991)
(f) Flash-point: 125°C, open cup (Budavari, 1996)
(g) Conversion factor: mg/m3 = 4.6 × ppm
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1.2

Production and use
Production in the United States in 1993 was reported to be 649 825 tonnes (United
States International Trade Commission, 1994). Estimated production capacities of caprolactam in 1990 were reported as (thousand tonnes): United States, 640; western Europe,
860; eastern Europe, 895; Japan, 500; Latin America, 150; Asia, 290 (Fisher & Crescentini, 1992).
Caprolactam is used primarily in the manufacture of synthetic fibres and resins (especially nylon 6), bristles, film, coatings; synthetic leather, plasticizers and paint vehicles;
as a cross-linking agent for polyurethanes; and in the synthesis of the amino acid lysine
(Lewis, 1993).
1.3
Occurrence
1.3.1
Occupational exposure
According to the 1981–83 National Occupational Exposure Survey (NOES, 1997),
approximately 25 000 workers in the United States were potentially exposed to caprolactam (see General Remarks). Occupational exposures to caprolactam may occur in the
manufacture of the chemical and of polycaprolactam (nylon 6) fibres and resins.
1.3.2
Environmental occurrence
Caprolactam may be released to the environment during its manufacture and use in
the preparation of resins and plastics (United States National Library of Medicine, 1997).
It has been detected in surface water, groundwater and drinking-water (IARC, 1986).
1.4

Regulations and guidelines
The American Conference of Governmental Industrial Hygienists (ACGIH) (1997)
has recommended 1 mg/m3 as the 8-h time-weighted average threshold limit value for
occupational exposures to caprolactam dust in workplace air and 23 mg/m3 for the vapour.
Similar values have been used as standards or guidelines in many countries (International
Labour Office, 1991).
No international guideline for caprolactam in drinking-water has been established
(WHO, 1993).

2.

Studies of Cancer in Humans

No data were available to the Working Group.

3.

Studies of Cancer in Experimental Animals

Caprolactam was tested for carcinogenicity in mice and rats by oral administration in
the diet. No carcinogenic effect was observed (IARC, 1986).
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3.1

Multistage protocols and preneoplastic lesions
Rat: A group of 15 male F344/DuCrj rats, six weeks of age, was administered a
single intraperitoneal injection of 100 mg/kg bw N-nitrosodiethylamine (NDEA), followed by four twice weekly intraperitoneal injections of 20 mg/kg bw N-methyl-N-nitrosourea (MNU) during weeks 1 and 2 and administration of 0.1% N-bis(2-hydroxypropyl)nitrosamine in the drinking-water during weeks 3 and 4. The rats were then given
10 000 mg caprolactam [purity unspecified]/kg diet (ppm) for 16 weeks. A group of 30
rats was given basal diet after the first-step procedure and served as controls. In addition,
five rats received vehicles without carcinogens during the first-step treatment period and
were then given 10 000 mg caprolactam/kg diet (ppm) for 16 weeks. Animals were killed
at week 20 and histological examination of most organs and any gross lesions and quantitation of glutathione S-transferase (placental form) (GST-P)-positive foci of the liver
were performed. Caprolactam showed no modifying effect in any organ (Fukushima
et al., 1991).
Two groups of 14 and 15 male Fischer 344 rats, six weeks of age, were administered
a single intraperitoneal injection of 200 mg/kg bw NDEA in 9% (w/v) saline. After a
two-week recovery period, rats were given either 10 000 mg caprolactam [purity unspecified]/kg diet (ppm) or basal diet for six weeks. At week 3, all rats were subjected to
a two-thirds partial hepatectomy and killed at week 8. Quantitative analysis of GST-Ppositive foci of the liver was performed. There were no significant differences in either
the numbers or areas of GST-P-positive foci between the caprolactam-treated group and
the controls (Hasegawa & Ito, 1992).

4.

Other Data Relevant to an Evaluation of Carcinogenicity
and its Mechanisms

4.1
Absorption, distribution, metabolism and excretion
4.1.1
Humans
No data were available to the Working Group.
4.1.2
Experimental systems
The major urinary metabolites of caprolactam were identified in male SpragueDawley rats given 3% caprolactam in the diet for two to three weeks. Twenty-four-hour
urine samples were collected during the final week and metabolites isolated by ionexchange chromatography and characterized by infrared and nuclear magnetic resonance
spectroscopy. The major metabolite (16% of the dose) was 4-hydroxycaprolactam or the
corresponding free acid: this rearranges in acid to an equilibrium mixture of 6-amino-αcaprolactone and 6-amino-4-hydroxyhexanoic acid. A small amount of 6-aminohexanoic
acid was also excreted (Kirk et al., 1987).
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4.2
Toxic effects
4.2.1
Humans
No data were available to the Working Group.
4.2.2
Experimental systems
Oral treatment of adult female Sprague-Dawley rats with 425 mg/kg bw caprolactam
21 and 4 h before killing resulted in a significant increase in serum alanine aminotransferase activity (33%), while hepatic ornithine decarboxylase activity and cytochrome
P450 content were not changed significantly (Kitchin & Brown, 1989).
4.3
Reproductive and developmental effects
4.3.1
Humans
No data were available to the Working Group.
4.3.2
Experimental systems
Caprolactam was evaluated for developmental toxicity in both rats and rabbits (Gad
et al., 1987). Rats were dosed by gavage on days 6–15 of gestation with 0, 100, 500 or
1000 mg/kg bw per day. No skeletal anomalies or major malformations were observed in
the pups, while, in the high-dose group, maternal survival rate and fetal viability were
decreased. Rabbits were dosed by gavage on days 6–28 of gestation with 0, 50, 150 or
250 mg/kg bw per day. No embryotoxicity or teratogenicity was observed. In the groups
dosed with 150 and 250 mg/kg bw per day, fetal weights were decreased and in the
groups given 250 mg/kg bw there was an increased incidence of thirteen ribs.
In a three-generation reproduction study, Fischer 344 rats were given 0, 1000, 5000
and 10 000 mg caprolactam/kg diet (ppm) (Serota et al., 1988). Each generation was
treated over a 10-week period. In both the parental generations and the offspring, reduced
body weights were found in the high-dose groups. Otherwise, no treatment-related effect
on gross appearance, gross pathology, survival rate or number of pups was observed. In
some instances, significantly reduced body weights were also observed in adult animals
receiving 5000 mg caprolactam/kg diet.
4.4
Genetic and related effects
4.4.1
Humans
No data were available to the Working Group.
4.4.2
Experimental systems (see Table 1 for references)
The genetic and related effects of caprolactam have been reviewed (Ashby & Shelby,
1989; Brady et al., 1989)
Caprolactam gave negative results across a wide range of in-vitro and in-vivo shortterm tests. It did not induce mutation in Salmonella typhimurium or gene mutation or
aneuploidy in Aspergillus nidulans in the presence or absence of an exogenous metabolic
activation system. In Saccharomyces cerevisiae, no gene conversion was induced and

Table 1. Genetic and related effects of caprolactam
Test system

With
exogenous
metabolic
activation

–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–

–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–

Reference

500
25000
500
2500
2500
5000
500
2500
25000
2500
5000
25000
2500
25000
2500
25000
500
2500
2500
5000
500
2500
5000
5000
2000

Liber (1985)
Greene et al. (1979)
Baker & Bonin (1985)
Matsushima et al. (1985)
Rexroat & Probst (1985)
Zeiger & Haworth (1985)
Baker & Bonin (1985)
Matsushima et al. (1985)
Greene et al. (1979)
Rexroat & Probst (1985)
Zeiger & Haworth (1985)
Greene et al. (1979)
Rexroat & Probst (1985)
Greene et al. (1979)
Rexroat & Probst (1985)
Greene et al. (1979)
Baker & Bonin (1985)
Matsushima et al. (1985)
Rexroat & Probst (1985)
Zeiger & Haworth (1985)
Baker & Bonin (1985)
Matsushima et al. (1985)
Zeiger & Haworth (1985)
Arni (1985)
Brooks et al. (1985)
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Without
exogenous
metabolic
activation

Doseb
(LED or HID)

CAPROLACTAM

SAF, Salmonella typhimurium TM677, forward mutation
SA0, Salmonella typhimurium TA100, reverse mutation
SA0, Salmonella typhimurium TA100, reverse mutation
SA0, Salmonella typhimurium TA100, reverse mutation
SA0, Salmonella typhimurium TA100, reverse mutation
SA0, Salmonella typhimurium TA100, reverse mutation
SA2, Salmonella typhimurium TA102, reverse mutation
SA2, Salmonella typhimurium TA102, reverse mutation
SA5, Salmonella typhimurium TA1535, reverse mutation
SA5, Salmonella typhimurium TA1535, reverse mutation
SA5, Salmonella typhimurium TA1535, reverse mutation
SA7, Salmonella typhimurium TA1537, reverse mutation
SA7, Salmonella typhimurium TA1537, reverse mutation
SA8, Salmonella typhimurium TA1538, reverse mutation
SA8, Salmonella typhimurium TA1538, reverse mutation
SA9, Salmonella typhimurium TA98, reverse mutation
SA9, Salmonella typhimurium TA98, reverse mutation
SA9, Salmonella typhimurium TA98, reverse mutation
SA9, Salmonella typhimurium TA98, reverse mutation
SA9, Salmonella typhimurium TA98, reverse mutation
SAS, Salmonella typhimurium TA97, reverse mutation
SAS, Salmonella typhimurium TA97, reverse mutation
SAS, Salmonella typhimurium TA97, reverse mutation
SCG, Saccharomyces cerevisiae D7, gene conversion
SCG, Saccharomyces cerevisiae JD1, gene conversion

Resulta
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Table 1 (contd)
Test system

Resulta

Reference

Inge-Vechtomov et al.
(1985)
Mehta & von Borstel (1985)
Parry & Eckardt (1985a)
Arni (1985)
Inge-Vechtomov et al.
(1985)
Parry & Eckardt (1985b)
Zimmermann et al. (1985)
Ferguson (1985)
Inge-Vechtomov et al.
(1985)
Arni (1985)
Inge-Vechtomov et al.
(1985)
Mehta & von Borstel (1985)
Mehta & von Borstel (1985)
Parry & Eckardt (1985a,b)
Loprieno et al. (1985)
Carere et al. (1985)
Parry & Eckardt (1985b)
Zimmermann et al. (1985)

Without
exogenous
metabolic
activation

With
exogenous
metabolic
activation

SCG, Saccharomyces cerevisiae PV-2 and PV-3, gene conversion

–

–

1000

SCG, Saccharomyces cerevisiae D7-144, gene conversion
SCG, Saccharomyces cerevisiae D7, gene conversion
SCH, Saccharomyces cerevisiae D7, homozygosis
SCH, Saccharomyces cerevisiae PV4a and PV4b, homozygosis

+
–
–
–

(+)
–
–
–

400
2000
5000
1000

SCH, Saccharomyces cerevisiae D6 and D61-M, homozygosis
SCH, Saccharomyces cerevisiae D61-M, homozygosis
SCF, Saccharomyces cerevisiae D5, forward mutation
SCF, Saccharomyces cerevisiae PV-1, forward mutation

–
–
–
–

–
NT
NT
–

5000
15000
2000
1000

SCR, Saccharomyces cerevisiae D7, reverse mutation
SCR, Saccharomyces cerevisiae PV2 and PV3, reverse mutation

–
–

–
–

5000
1000

SCR, Saccharomyces cerevisiae XV185-14C, reverse mutation
SCR, Saccharomyces cerevisiae RM52, reverse mutation
SCR, Saccharomyces cerevisiae D7, D6 and D61-M, reverse mutation
SZF, Schizosaccharomyces pombe, forward mutation
ANF, Aspergillus nidulans, forward mutation
SCN, Saccharomyces cerevisiae D6 and D61-M, aneuploidy
SCN, Saccharomyces cerevisiae D61-M, aneuploidy

+
–
–
–
–
–
(+)

+
–
–
–
NT
–
NT

100
800
2000
1900
1000
5000
7500
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Doseb
(LED or HID)

Table 1 (contd)
Test system

With
exogenous
metabolic
activation

–
–
–
+
(+)
+
(+)

NT

Reference

500
565 feed
5000 feed
45000 feed
565 feed
1000 feed
425 feed

Carere et al. (1985)
Vogel (1985)
Wurgler et al. (1985)
Fujikawa et al. (1985)
Vogel (1985)
Wurgler et al. (1985)
Vogel (1989)
Vogel (1989)
Foureman et al. (1994)
Bradley (1985)
Douglas et al. (1985)

(+)
–
–
–

NT
–

1700 feed
15000 ppm inj
3390
11300

–

–

NG

–

NT

113

Lakhanisky & Hendrickx
(1985)
Probst & Hill (1985)

–

NT

1000

Williams et al. (1985)

–
–

–
–

5000
2000

–

–

3000

Greene et al. (1979)
Zdzienicka & Simons
(1985)
Fox & Delow (1985)

389

G9H, Gene mutation, Chinese hamster lung V79 cells, hprt locus
in vitro

Without
exogenous
metabolic
activation

Doseb
(LED or HID)

CAPROLACTAM

ANN, Aspergillus nidulans, aneuploidy
DMG, Drosophila melanogaster, genetic crossing over/recombination
DMG, Drosophila melanogaster, genetic crossing over/recombination
DMM, Drosophila melanogaster, somatic mutation
DMM, Drosophila melanogaster, somatic mutation
DMM, Drosophila melanogaster, somatic mutation
DMM, Drosophila melanogaster, somatic mutation (mitotic
recombination (SMART) test)
DMX, Drosophila melanogaster, sex-linked recessive lethal mutations
DMX, Drosophila melanogaster, sex-linked recessive lethal mutations
DIA, DNA single-strand breaks, Fischer 344 rat hepatocytes in vitro
DIA, DNA single-strand breaks, Chinese hamster ovary CHO cells
in vitro
DIA, DNA single-strand breaks, Chinese hamster ovary CHO cells
in vitro
URP, Unscheduled DNA synthesis, male Fischer 344 rat primary
hepatocytes in vitro
URP, Unscheduled DNA synthesis, male Fischer 344 rat primary
hepatocytes in vitro
GCO, Gene mutation, Chinese hamster ovary CHO cells in vitro
GCO, Gene mutation, Chinese hamster ovary CHO cells in vitro

Resulta
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Table 1 (contd)
Test system

Resulta

Doseb
(LED or HID)

Reference

With
exogenous
metabolic
activation

G9H, Gene mutation, Chinese hamster lung V79 cells, hprt locus
in vitro
G9O, Gene mutation, Chinese hamster lung V79 cells, ouabain
resistance in vitro
G5T, Gene mutation, mouse lymphoma L5178Y cells, tk locus in vitro
G5T, Gene mutation, mouse lymphoma L5178Y cells, tk locus in vitro

–

–

1000

Kuroda et al. (1985)

NT

–

113

Kuroki & Munakata (1985)

–
–

–
–

11000
15000

G5T, Gene mutation, mouse lymphoma L5178Y cells, tk locus in vitro
G5T, Gene mutation, mouse lymphoma L5178Y cells, tk locus in vitro
G5T, Gene mutation, mouse lymphoma L5178Y cells, tk locus in vitro
G51, Gene mutation, mouse lymphoma L5178Y cells, ouabain
resistance in vitro
G51, Gene mutation, mouse lymphoma L5178Y cells, hprt locus
in vitro
G51, Gene mutation, mouse lymphoma L5178Y cells, hprt locus
in vitro
GIA, Gene mutation, mouse BALB/c–3T3 cells, ouabain resistance
in vitro
SIC, Sister chromatid exchange, Chinese hamster ovary CHO cells
in vitro
SIC, Sister chromatid exchange, Chinese hamster ovary CHO cells
in vitro
SIC, Sister chromatid exchange, Chinese hamster ovary CHO cells
in vitro

–
–
–
–

–
–
NT
–

5000
10000
1000
200

Amacher & Turner (1985)
Knaap & Langebroek
(1985)
Myhr et al. (1985)
Oberly et al. (1985)
Styles et al. (1985)
Garner & Campbell (1985)

–

–

200

Garner & Campbell (1985)

–

–

15000

NT

?

15000

Knaap & Langebroek
(1985)
Matthews et al. (1985)

–

–

1130

Douglas et al. (1985)

–

–

5000

Gulati et al. (1985)

–

–

5000

Lane et al. (1985)
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Without
exogenous
metabolic
activation

Table 1 (contd)
Test system

Resulta

Doseb
(LED or HID)

Reference

SIC, Sister chromatid exchange, Chinese hamster ovary CHO cells
in vitro
SIC, Sister chromatid exchange, Chinese hamster ovary CHO cells
in vitro
SIC, Sister chromatid exchange, Chinese hamster lung V79 cells
in vitro
SIR, Sister chromatid exchange, Wistar rat liver cell line (RL4) in vitro
MIA, Micronucleus test, Chinese hamster ovary CHO cells in vitro
CIC, Chromosomal aberrations, Chinese hamster lung CH1-L cells
in vitro
CIC, Chromosomal aberrations, Chinese hamster ovary CHO cells
in vitro
CIC, Chromosomal aberrations, Chinese hamster lung CHL cells
in vitro
CIC, Chromosomal aberrations, Chinese hamster ovary CHO cells
in vitro
CIC, Chromosomal aberrations, Chinese hamster ovary CHO cells
in vitro
CIR, Chromosomal aberrations, Wistar rat liver RL4 cells in vitro
AIA, Aneuploidy, Chinese hamster lung CH1-L cells in vitro
TBM, Cell transformation, mouse BALB/c–3T3 cells
TCM, Cell transformation, mouse C3H 10T½ cells

–

–

17000

Natarajan et al. (1985)

–

–

10600

–

–

5650

Norppa & Järventaus
(1989)
van Went (1985)

–
–
–

NT
–
NT

1000
113
2000

Priston & Dean (1985)
Douglas et al. (1985)
Danford (1985)

–

–

5000

Gulati et al. (1985)

–

?

10000

Ishidate & Sofuni (1985)

–

–

17000

Natarajan et al. (1985)

–

–

2500

Palitti et al. (1985)

–
–
–
(+)

NT
NT
+
–

1000
2000
2500
4570

TCM, Cell transformation, mouse C3H 10T½ cells
TCS, Cell transformation, Syrian hamster embryo, clonal assay

–
+

NT
NT

1000
10

Priston & Dean (1985)
Danford (1985)
Matthews et al. (1985)
Lawrence & McGregor
(1985)
Nesnow et al. (1985)
Barrett & Lamb (1985)
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Without
exogenous
metabolic
activation
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Table 1 (contd)
Test system

Resulta

Doseb
(LED or HID)

Reference

With
exogenous
metabolic
activation

TCS, Cell transformation, Syrian hamster embryo, clonal assay
TCS, Cell transformation, Syrian hamster embryo, clonal assay
TFS, Cell transformation, Syrian hamster embryo, focus assay
TRR, Cell transformation, RLV/Fischer rat cells
T7S, Cell transformation, SA7/Syrian hamster embryo cells
T7S, Cell transformation, SA7/Syrian hamster embryo cells
GIH, Gene mutation, human lymphocytes in vitro
SHL, Sister chromatid exchange, human lymphocytes in vitro
CHL, Chromosomal aberrations, human lymphocytes in vitro
CHL, Chromosomal aberrations, human lymphocytes in vitro
CHL, Chromosomal aberrations, human lymphocytes in vitro

–
?
–
–
–
–
–
–
+
?
+

NT
NT
NT
NT
NT
NT
–
–
+
NT
+

1000
300
6000
50
7000
5000
8000
1000
270
7500
4250

CHL, Chromosomal aberrations, human lymphocytes in vitro
AIH, Aneuploidy, human lymphocytes in vitro

(+)
+

(+)
+

5500
2125

DVA, DNA single-strand breaks, male Fischer 344 rat hepatocytes
in vivo
DVA, DNA single-strand breaks/alkaline-labile sites, Sprague-Dawley
rat hepatocytes in vivo
UPR, Unscheduled DNA synthesis, male Fischer 344 rat hepatocytes
in vivo
UVR, Unscheduled DNA synthesis, Fischer 344 rat spermatocytes
in vivo
MST, Mouse spot test, (C57BL × T)F1 mice

–

750 po × 1

LeBoeuf et al. (1989)
Sanner & Rivedal (1985)
Greene et al. (1979)
Suk & Humphreys (1985)
Greene et al. (1979)
Hatch & Anderson (1985)
Crespi et al. (1985)
Obe et al. (1985)
Howard et al. (1985)
Kristiansen & Scott (1989)
Norppa & Jarventaus
(1989)
Sheldon (1989a)
Norppa & Jarventaus
(1989)
Bermudez et al. (1989)

–

425 po × 2

Kitchin & Brown (1989)

–

750 po × 1

Bermudez et al. (1989)

–

750 po × 1

Working (1989)

?

500 ip × 1

Fahrig (1989)
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Without
exogenous
metabolic
activation

Table 1 (contd)
Test system

Resulta
Without
exogenous
metabolic
activation

Doseb
(LED or HID)

Reference

With
exogenous
metabolic
activation

?

500 ip × 1

SVA, Sister chromatid exchange, B6C3F1 mouse bone marrow in vivo
MVM, Micronucleus test, ICR/JCL mouse bone marrow in vivo
MVM, Micronucleus test, C57BL/6J mouse bone marrow in vivo
CBA, Chromosomal aberrations, B6C3F1 mouse bone marrow in vivo
CBA, Chromosomal aberrations, B6C3F1 mouse bone marrow in vivo
SPM, Sperm morphology, B6C3F1 mice in vivo
ICR, Inhibition of cell communication, Chinese hamster lung
V79/4K-1 and V79-M13 cells in vitro
ICR, Inhibition of cell communication, Chinese hamster lung V79
cells in vitro

–
–
–
–
–
–
–

NT

700 ip × 1
500 ip × 1
700 po × 1
1000 po × 1
700 ip × 1
1125 po × 5
400

Neuhauser-Klaus &
Lehmacher (1989)
McFee & Lowe (1989)
Ishidate & Odagiri (1989)
Sheldon (1989b)
Adler & Ingwersen (1989)
McFee & Lowe (1989)
Salamone (1989)
Scott et al. (1985)

–

NT

2250

Umeda et al. (1985)

CAPROLACTAM

MST, Mouse spot test (T × HT)F1 mice

a

+, positive; (+), weakly positive; –, negative; NT, not tested; ?, inconclusive
HID, highest ineffective dose; LED, lowest effective dose; in-vitro tests, μg/mL; in-vivo tests, mg/kg bw/day; NG, not given; inj, injection; po,
oral; ip, intraperitoneal
b
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there was no induction of point mutations in three of four studies or aneuploidy in one of
two studies. In Drosophila melanogaster, it induced somatic cell mutations in four studies
and a marginal increase in sex-linked recessive lethal mutations in one of two studies.
Neither DNA single-strand breaks nor unscheduled DNA synthesis were induced in
cultures of rat primary hepatocytes and DNA strand breaks were not induced in Chinese
hamster ovary cells treated with caprolactam. Gene mutations were not induced in
Chinese hamster ovary, lung V79 or mouse lymphoma L5178Y cells in vitro. Caprolactam
did not increase the frequency of sister chromatid exchanges, micronuclei, chromosomal
aberrations or aneuploidy in Chinese hamster cell cultures nor did it inhibit intercellular
communication. Marginally positive results were reported in tests for morphological
transformation using mouse BALB/c-3T3, C3H 10T½, and Syrian hamster embryo cells,
while results from virally enhanced cell transformation tests were negative.
Caprolactam did not induce gene mutations in human lymphoblastoid AHH-1 cells
or sister chromatid exchanges in human lymphocyte cultures, but it did increase the frequency of chromosomal aberrations in four studies and, in a single study, aneuploidy in
human lymphocytes in vitro.
Caprolactam treatment in vivo did not increase DNA single-strand breaks in hepatocytes or unscheduled DNA synthesis in spermatocytes of rats, did not induce sister
chromatid exchanges, micronuclei or chromosomal aberrations in mouse bone marrow
and did not induce morphological abnormalities in mouse sperm. Inconclusive results
were reported in two mouse spot test studies for gene mutations.

5.

Summary of Data Reported and Evaluation

5.1

Exposure data
Exposure to caprolactam, a monomer used in high volume, can occur in its manufacture and the manufacture of nylon 6. It has been detected in surface water, groundwater and drinking-water.
5.2

5.3

Human carcinogenicity data
No data were available to the Working Group.

Animal carcinogenicity data
Caprolactam was tested for carcinogenicity by oral administration in the diet of mice
and rats. No increase in the incidence of tumours was observed. Caprolactam was also
tested for promoting effects in two multistage studies in male rats. In one, oral administration of caprolactam in the diet after treatment with several carcinogens showed no
modifying effect on carcinogenicity in any organ or on glutathione S-transferase (placental
form) (GST-P)-positive foci of the liver. In the other study, oral administration of caprolactam in the diet with a two-thirds partial hepatectomy after treatment with N-nitrosodiethylamine did not increase the numbers or areas of GST-P-positive foci in the liver.
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5.4

Other relevant data
Caprolactam is metabolized in rats to a number of metabolites including 4-hydroxycaprolactam. In rats, it exhibits some hepatotoxicity at high doses.
Caprolactam was not mutagenic to rodents in vivo. It induced chromosomal aberrations and aneuploidy in human lymphocytes in vitro, but no other evidence of mutagenicity has been found in a variety of tests with rodent cell cultures. Results for morphological transformation in mammalian cells were inconclusive. Caprolactam was mutagenic in somatic and to a lesser degree to germ cells in Drosophila melanogaster. Caprolactam was not genotoxic in bacteria.
5.5

Evaluation
No epidemiological data relevant to the carcinogenicity of caprolactam were available.
There is evidence suggesting a lack of carcinogenicity of caprolactam in experimental animals.

Overall evaluation
Caprolactam is probably not carcinogenic to humans (Group 4).

6.

References

Adler, I.-D. & Ingwersen, I. (1989) Evaluation of chromosomal aberrations in bone marrow of
1C3F1 mice. Mutat. Res., 224, 343–345
Amacher, D.E. & Turner, G.N. (1985) Tests for gene mutational activity in the L5178Y/TK assay
system. Prog. Mutat. Res., 5, 487–496
American Conference of Governmental Industrial Hygienists (1991) Documentation of the Threshold
Limit Values and Biological Exposure Indices, 6th Ed., Vol. 1, Cincinnati, OH, pp. 208–211
American Conference of Governmental Industrial Hygienists (1997) 1997 TLVs® and BEIs®,
Cincinnati, OH, p. 18
Arni, P. (1985) Induction of various genetic effects in the yeast Saccharomyces cerevisiae strain
D7. Prog. Mutat. Res., 5, 217–224
Ashby, J. & Shelby, M.D. (1989) Overview of the genetic toxicity of caprolactam and benzoin.
Mutat. Res., 224, 321–324
Baker, R.S.U. & Bonin, A.M. (1985) Tests with the Salmonella plate-incorporation assay. Prog.
Mutat. Res., 5, 177–180
Barrett, J.C. & Lamb, P.W. (1985) Tests with the Syrian hamster embryo cell transformation
assay. Prog. Mutat. Res., 5, 623–628
Bermudez, E., Smith-Oliver, T. & Delehanty, L.L. (1989) The induction of DNA-strand breaks
and unscheduled DNA synthesis in F-344 rat hepatocytes following in vivo administration of
caprolactam or benzoin. Mutat. Res., 224, 361–364
Bradley, M.O. (1985) Measurement of DNA single-strand breaks by alkaline elution in rat
hepatocytes. Prog. Mutat. Res., 5, 353–357

396

IARC MONOGRAPHS VOLUME 71

Brady, A.L., Stack, H.F. & Waters, M.D. (1989) The genetic toxicology of benzoin and caprolactam. Mutat. Res., 224, 391–403
Brooks, T.M., Gonzalez, L.P., Calvert, R. & Parry, J.M. (1985) The induction of mitotic gene conversion in the yeast Saccharomyces cerevisiae strain JD1. Prog. Mutat. Res., 5, 225–228
Budavari, S., ed. (1996) The Merck Index, 12th Ed., Whitehouse Station, NJ, Merck & Co., p. 287
Carere, A., Conti, G., Conti, L. & Crebelli, R. (1985) Assays in Aspergillus nidulans for the
induction of forward-mutation in haploid strain 35 and for mitotic nondisjunction, haploidization and crossing-over in diploid strain P1. Prog. Mutat. Res., 5, 307–312
Crespi, C.L., Ryan, C.G., Seixas, G.M., Turner, T.R. & Penman, B.W. (1985) Tests for mutagenic
activity using mutation assays at two loci in the human lymphoblast cell lines TK6 and AHH-1.
Prog. Mutat. Res., 5, 497–516
Danford, N. (1985) Tests for chromosome aberrations and aneuploidy in the Chinese hamster
fibroblast cell line CH1-L. Prog. Mutat. Res., 5, 397–411
Douglas, G.R., Blakey, D.H., Liu-lee, V.W., Bell, R.D.L. & Bayley, J.M. (1985) Alkaline sucrose
sedimentation, sister-chromatid exchange and micronucleus assays in CHO cells. Prog.
Mutat. Res., 5, 359–366
Fahrig, R. (1989) Possible recombinogenic effect of caprolactam in the mammalian spot test.
Mutat. Res., 224, 373–375
Ferguson, L.R. (1985) Petite mutagenesis in Saccharomyces cerevisiae strain D5. Prog. Mutat.
Res., 5, 229–234
Fisher, W. & Crescentini, L. (1992) Caprolactam. In: Kroschwitz, J.I. & Howe-Grant, M., eds,
Kirk-Othmer Encyclopedia of Chemical Technology, 4th Ed., Vol. 4, New York, John Wiley,
pp. 827–839
Foureman, P., Mason, J.M., Valencia, R. & Zimmering, S. (1994) Chemical mutagenesis testing
in Drosophila. IX. Results of 50 coded compounds tested for the National Toxicology Program. Environ. mol. Mutag., 23, 51–63
Fox, M. & Delow, G.F. (1985) Tests for mutagenic activity at the HGPRT locus in Chinese
hamster V79 cells in culture. Prog. Mutat. Res., 5, 517–523
Fujikawa, K., Ryo, H. & Kondo, S. (1985) The Drosophila reversion assay using the unstable
zeste-white somatic eye color system. Prog. Mutat. Res., 5, 319–324
Fukushima, S., Hagiwara, A., Hirose, M., Yamaguchi, S., Tiwawechi, D. & Ito, N. (1991) Modifying
effects of various chemicals on preneoplastic and neoplastic lesion development in a widespectrum organ carcinogenesis model using F344 rats. Jpn. J. Cancer Res., 82, 642–649
Gad, S.C., Robinson, K., Serota, D.G. & Colpean, B.R. (1987) Developmental toxicity studies of
caprolactam in the rat and rabbit. J. appl. Toxicol., 7, 317–326
Garner, R.C. & Campbell, J. (1985) Tests for the induction of mutations to ouabain or 6-thioguanine resistance in mouse lymphoma L5178Y cells. Prog. Mutat. Res., 5, 525–529
Greene, E.J., Friedman, M.A. & Sherrod, J.A. (1979) In vitro mutagenicity and cell transformation screening of caprolactam. Environ. Mutag., 1, 399–407
Gulati, D.K., Sabharwal, P.S. & Shelby, M.D. (1985) Tests for the induction of chromosomal
aberrations and sister chromatid exchanges in cultured Chinese hamster ovary (CHO) cells.
Prog. Mutat. Res., 5, 413–426

CAPROLACTAM

397

Hasegawa, R. & Ito, S. (1992) Liver medium-term bioassay in rats for screening of carcinogens
and modifying factors in hepatocarcinogenesis. Food chem. Toxicol., 30, 979–992
Hatch, G.G. & Anderson, T.M. (1985) Assays for enhanced DNA viral transformation of primary
Syrian hamster embryo (SHE) cells. Prog. Mutat. Res., 5, 629–638
Howard, C.A., Sheldon, T. & Richardson, C.R. (1985) Tests for the induction of chromosomal
aberrations in human peripheral lymphocytes in culture. Prog. Mutat. Res., 5, 457–467
IARC (1986) IARC Monographs on the Evaluation of Carcinogenic Risk of Chemicals to
Humans, Vol. 39, Some Chemicals Used in Plastics and Elastomers, Lyon, pp. 247–276
IARC (1987) IARC Monographs on the Evaluation of Carcinogenic Risks to Humans, Suppl. 7,
Overall Evaluations of Carcinogenicity: An Updating of IARC Monographs Volumes 1 to 42,
Lyon, pp. 59, 390–391
Inge-Vechtomov, S.G., Pavlov, Y.I., Noskov, V.N., Repnevskaya, M.V., Karpova, T.S., KhromovBorisov, N.N., Chekuolene, J. & Chitavichus, D. (1985) Tests for genetic activity in the yeast
Saccharomyces cerevisiae: study of forward and reverse mutation, mitotic recombination and
illegitimate mating induction. Prog. Mutat. Res., 5, 243–255
International Labour Office (1991) Occupational Exposure Limits for Airborne Toxic Substances,
3rd Ed. (Occupational Safety and Health Series No. 37), Geneva, pp. 74–75
Ishidate, M., Jr & Odagiri, Y. (1989) Negative micronucleus tests on caprolactam and benzoin in
ICR/JCL male mice. Mutat. Res., 224, 357–359
Ishidate, M., Jr & Sofuni, T. (1985) The in vitro chromosomal aberration test using Chinese
hamster lung (CHL) fibroblast cells in culture. Prog. Mutat. Res., 5, 427–432
Kirk, L.K., Lewis, B.A., Ross, D.A. & Morrison, M.A. (1987) Identification of ninhydrin-positive
caprolactam metabolites in the rat. Food chem. Toxicol., 25, 233–239
Kitchin, K.T. & Brown, J.L. (1989) Biochemical studies of promoters of carcinogenesis in rat
liver. Teratog. Carcinog. Mutag., 9, 273–285
Knaap, A.G.A.C. & Langebroek, P.B. (1985) Assays for the induction of gene mutations at the
thymidine kinase locus and the hypoxanthine guanine phosphoribosyltransferase locus in
L5178Y mouse lymphoma cells in culture. Prog. Mutat. Res., 5, 531–536
Kristiansen, E. & Scott, D. (1989) Chromosomal analyses of human lymphocytes exposed in vitro
to caprolactam. Mutat. Res., 224, 329–332
Kuroda, Y., Yokoiyama, A. & Kada, T. (1985) Assays for the induction of mutations to 6-thioguanine resistance in Chinese hamster V79 cells in culture. Prog. Mutat. Res., 5, 537–542
Kuroki, T. & Munakata, K. (1985) Assays for the induction of mutations to ouabain resistance in
V79 Chinese hamster cells in culture with cell- or microsome-mediated metabolic activation.
Prog. Mutat. Res., 5, 543–545
Lakhanisky, T. & Hendrickx, B. (1985) Induction of DNA single-strand breaks in CHO cells in
culture. Prog. Mutat. Res., 5, 367–370
Lane, A.M., Phillips, B.J. & Anderson, D. (1985) Tests for the induction of sister chromatid
exchanges in Chinese hamster ovary (CHO) cells in culture. Prog. Mutat. Res., 5, 451–455
Lawrence, N. & McGregor, D.B. (1985) Assays for the induction of morphological transformation in C3H/10T-1/2 cells in culture with and without S9-mediated metabolic activation.
Prog. Mutat. Res., 5, 651–658

398

IARC MONOGRAPHS VOLUME 71

LeBoeuf, R.A., Kerckaert, G.A., Poiley, J.A. & Raineri, R. (1989) An interlaboratory comparison
of enhanced morphological transformation of Syrian hamster embryo cells cultured under
conditions of reduced bicarbonate concentration and pH. Mutat. Res., 222, 205–218
Lewis, R.J., Jr (1993) Hawley’s Condensed Chemical Dictionary, 12th Ed., New York, Van
Nostrand Reinhold, p. 213
Liber, H.L. (1985) Mutation tests with Salmonella using 8-azaguanine resistance as the genetic
marker. Prog. Mutat. Res., 5, 213–216
Lide, D.R., ed. (1997) CRC Handbook of Chemistry and Physics, 78th Ed., Boca Raton, FL, CRC
Press, p. 3-16
Loprieno, N., Boncristiani, G., Forster, R. & Goldstein, B. (1985) Assays for forward mutation in
Schizosaccharomyces pombe strain P1. Prog. Mutat. Res., 5, 297–306
Matsushima, T., Muramatsu, M. & Haresaku, M. (1985) Mutation tests on Salmonella typhimurium by the preincubation method. Prog. Mutat. Res., 5, 181–186
Matthews, E.J., DelBalzo, T. & Rundell, J.O. (1985) Assays for morphological transformation and
mutation to ouabain resistance of BALB/c-3T3 cells in culture. Prog. Mutat. Res., 5, 639–650
McFee, A.F. & Lowe, K.W. (1989) Caprolactam and benzoin: tests for induction of chromosome
aberrations and SCEs in mouse bone marrow. Mutat. Res., 224, 347–350
Mehta, R.D. & von Borstel, R.C. (1985) Tests for genetic activity in the yeast Saccharomyces
cerevisiae using strains D7-144, XV185-14c and RM52. Prog. Mutat. Res., 5, 271–284
Myhr, B., Bowers, L. & Caspary, W.J. (1985) Assays for the induction of gene mutations at the
thymidine kinase locus in L5178Y mouse lymphoma cells in culture. Prog. Mutat. Res., 5,
555–568
Natarajan, A.T., Bussmann, C.J.M., van Kesteren-van Leeuwen, A.C., Meijers, M. & van Rijn,
J.L.S. (1985) Tests for chromosome aberrations and sister-chromatid exchanges in Chinese
hamster ovary (CHO) cells in culture. Prog. Mutat. Res., 5, 433–437
Nesnow, S., Curtis, G. & Garland, H. (1985) Tests with the C3H/10T-1/2 clone 8 morphological
transformation bioassay. Prog. Mutat. Res., 5, 659–664
Neuhauser-Klaus, A. & Lehmacher, W. (1989) The mutagenic effect of caprolactam in the spot
test with (T X HT)F1 mouse embryos. Mutat. Res., 224, 369–371
NOES (1997) National Occupational Exposure Survey 1981-83, Unpublished data as of November 1997, Cincinnati, OH, United States Department of Health and Human Services,
Public Health Service, National Institute for Occupational Safety and Health
Norppa, H. & Jarventaus, H. (1989) Induction of chromosome aberrations and sister-chromatid
exchanges by caprolactam in vitro. Mutat. Res., 224, 333–337
Obe, G., Hille, A., Jonas, R., Schmidt, S. & Thenhaus, U. (1985) Tests for the induction of sister-chromatid exchanges in human peripheral lymphocytes in culture. Prog. Mutat. Res., 5, 439–442
Oberly, T.J., Bewsey, B.J. & Probst, G.S. (1985) Tests for the induction of forward mutation at the
thymidine kinase locus of L5178Y mouse lymphoma cells in culture. Prog. Mutat. Res., 5,
569–582
Palitti, F., Fiore, M., De Salvia, R., Tanzarella, C., Ricordy, R., Forster, R., Mosesso, P., Astolfi,
S. & Loprieno, N. (1985) Tests for the induction of chromosomal aberrations in Chinese
hamster ovary (CHO) cells in culture. Prog. Mutat. Res., 5, 443–450

CAPROLACTAM

399

Parry, J.M. & Eckardt, F. (1985a) The detection of mitotic gene conversion, point mutation and
mitotic segregation using the yeast Saccharomyces cerevisiae strain D7. Prog. Mutat. Res., 5,
261–269
Parry, J.M. & Eckardt, F. (1985b) The induction of mitotic aneuploidy, point mutation and mitotic
crossing-over in the yeast Saccharomyces cerevisiae strains D61-M and D6. Prog. Mutat.
Res., 5, 285–295
Priston, R.A.J. & Dean, B.J. (1985) Tests for the induction of chromosome aberrations, polyploidy and sister-chromatic exchanges in rat liver (RL4) cells. Prog. Mutat. Res., 5, 387–
395
Probst, G.S. & Hill, L.E. (1985) Tests for the induction of DNA-repair synthesis in primary cultures
of adult rat hepatocytes. Prog. Mutat. Res., 5, 381–386
Rexroat, M.A. & Probst, G.S. (1985) Mutation tests with Salmonella using the plate-incorporation
assay. Prog. Mutat. Res., 5, 201–212
Salamone, M.F. (1989) Abnormal sperm assay tests on benzoin and caprolactam. Mutat. Res.,
224, 385–389
Sanner, T. & Rivedal, E. (1985) Tests with the Syrian hamster embryo (SHE) cell transformation
assay. Prog. Mutat. Res., 5, 665–671
Scott, J.K., Davidson, H. & Nelmes, A.J. (1985) Assays for inhibition of metabolic cooperation
between mammalian cells in culture. Prog. Mutat. Res., 5, 613–618
Serota, D.G., Hoberman, A.M., Friedman, M.A. & Gad, S.C. (1988) Three-generation reproduction study with caprolactam in rats. J. appl. Toxicol., 8, 285–293
Sheldon, T. (1989a) Chromosomal damage induced by caprolactam in human lymphocytes. Mutat.
Res., 224, 325–327
Sheldon, T. (1989b) An evaluation of caprolactam and benzoin in the mouse micronucleus test.
Mutat. Res., 224, 351–355
Styles, J.A., Clay, P. & Cross, M.F. (1985) Assays for the induction of gene mutations at the
thymidine kinase and the Na+/K+ ATPase loci in two different mouse lymphoma cell lines in
culture. Prog. Mutat. Res., 5, 587–596
Suk, W.A. & Humphreys, J.E. (1985) Assay for the carcinogenicity of chemical agents using
enhancement of anchorage-independent survival of retrovirus-infected Fischer rat embryo
cells. Prog. Mutat. Res., 5, 673–683
Umeda, M., Noda, K. & Tanaka, K. (1985) Assays for inhibition of metabolic cooperation by a
microassay method. Prog. Mutat. Res., 5, 619–622
United States International Trade Commission (1994) Synthetic Organic Chemicals: US Production and Sales, 1993 (USITC Publ. 2810), Washington DC, United States Government
Printing Office, p. 3-181
United States National Library of Medicine (1997) Hazardous Substances Data Bank (HSDB),
Bethesda, MD [Record No. 187]
Vogel, E.W. (1985) The Drosophila somatic recombination and mutation assay (SRM) using the
white-coral somatic eye color system. Prog. Mutat. Res., 5, 313–317
Vogel, E.W. (1989) Caprolactam induces genetic alterations in early germ cell stages and in
somatic tissue of D. melanogaster. Mutat. Res., 224, 339–342

400

IARC MONOGRAPHS VOLUME 71

van Went, G.F. (1985) The test for sister-chromatid exchanges in Chinese hamster V79 cells in
culture. Prog. Mutat. Res., 5, 469–477
WHO (1993) Guidelines for Drinking Water Quality, 2nd Ed., Vol. 1, Recommendations, Geneva
Williams, G.M., Tong, C. & Ved Brat, S. (1985) Tests with the rat hepatocyte primary culture/
DNA-repair test. Prog. Mutat. Res., 5, 341–345
Working, P.K. (1989) Assessment of unscheduled DNA synthesis in Fischer 344 pachytene spermatocytes exposed to caprolactam or benzoin in vivo. Mutat. Res., 224, 365–368
Wurgler, F.E., Graf, U. & Frei, H. (1985) Somatic mutation and recombination test in wings of
Drosophila melanogaster. Prog. Mutat. Res., 5, 325–340
Zdzienicka, M.Z. & Simons, J.W.I.M. (1985) Assays for the induction of mutations to 6-thioguanine and ouabain resistance in Chinese hamster ovary (CHO) cells in culture. Prog. Mutat.
Res., 5, 583–586
Zeiger, E. & Haworth, S. (1985) Tests with a preincubation modification of the Salmonella/
microsome assay. Prog. Mutat. Res., 5, 187–199
Zimmermann, F.K., Heinisch, J. & Scheel, I. (1985) Tests for the induction of mitotic aneuploidy
in the yeast Saccharomyces cerevisiae strain D61-M. Prog. Mutat. Res., 5, 235–242

