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NATIONAL TOXICOLOGY PROGRAM

The National Toxicology Program (NTP), established in 1978, develops and
evaluates scientific information about potentially toxic and hazardous
chemicals. This knowledge can be used for protecting the health of the
American people and for the primary prevention of disease. By bringing
together the relevant programs, staff, and resources from the U.S. Public
Health Service, DHHS, the National Toxicology Program has centralized
and strengthened activities relating to toxicology research, testing and test
development/validation efforts, and the dissemination of toxicological
information to the public and scientific communities and to the research
and regulatory agencies. '

The NTP is made up of four charter DHHS agencies: the National Cancer
Institute (NCI), National Institutes of Health; the National Institute of
Environmental Health Sciences (NIEHS), National Institutes of Health;
the National Center for Toxicological Research (NCTR), Food and Drug
Administration; and the National Institute for Occupational Safety and
Health (NIOSH), Centers for Disease Control. In July 1981, the Carcino-
genesis Bioassay Testing Program, NCI, was transferred to the NIEHS.
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NOTE TO THE READER

These studies are designed and conducted to characterize and evaluate the toxicologic potential, in-
cluding carcinogenic ac 1v1tfy, of selected chemicals in laboratory animals (usually two species, rats and
mice). Chemicals selected for testlrcx)% in the NTP Carcinogenesis Prog‘ram are chosen primarily on the
bases of human exposure, level of production, and chemical structure. Selection per se is not an indicator
of a chemical’s carcinogenic potential. Negative results, in which the test animals do not have a greater
incidence of cancer than control animals, do not necessarily mean that a test chemical is not a carcinogen,
inasmuch as the experiments are conducted under a limited set of conditions. Positive results
demonstrate that a test chemical is carcinogenic for animals under the conditions of the test and indicate
that exposure to the chemical has the potential for hazard to humans. The determination of the risk to
humans from chemicals found to be carcinogenic in animals requires a wider analysis which extends
beyond the purview of this study.

Five categories of interpretative conclusions were adopted in June 1983 for use in the Technical Reports
series to specifically emphasize consistency and the concept of actual evidence of carcinogenicity. For
each definitive study result (male rats, female rats, male mice, female mice), one of the following quintet
will be selected to describe the findings. These categories refer to the strength of the experimental evi-
dence and not to either potency or mechanism.

® Clear Evidence of Carcino epicj(tly is demonstrated by studies that are interpreted as showing a
chemically related increased incidence of malignant neoplasms, studies that exhibit a sub-
stantially increased incidence of benign neoplasms, or studies that exhibit an increased incidence
of a combination of malignant and benign neoplasms where each increases with dose.

® Some Evidence of Carcinogenicity is demonstrated by studies that are interpreted as showing a
chemically related increased incidence of benign neoplasms, studies that exhibit marginal in-
creases in neoplasms of several organs/tissues, or studies that exhibit a slight increase in un-
common malignant or benign neoplasms.

¢ Equivocal Evidence of Carcinogenicity is demonstrated by studies that are interpreted as
showing a chemically related marginal increase of neoplasms.

® No Evidence of Carcinogenicity is demonstrated by studies that are interpreted as showing no
chemically related increases in malignant or benign neoplasms.

¢ Inadequate Study of Carcinogenicity demonstrates that because of major, cLualitative or quan-
titative limitations, the studies cannot be interpreted as valid for showing either the presence or
absence of a carcinogenic effect.

Additionally, the following concepts (as patterned from the International Agency for Research on Cancer
Monographs] have been adopted by the NTP to give further clarification of these issues:

The term chemical carcinogenesis generally means the induction by chemicals of neoplasms not
usually observed, the earlier induction by chemicals of neoplasmsg that are commonly observed, or
the induction by chemicals of more neoplasms than are generally found. Different mechanisms
may be involved in these situations. Etymologically, the term carcinogenesis means induction of
cancer, that is, of malignant neoplasms; however, the commonly accepted meaning is the induction
of various types of neoglasms or of a combination of malignant and benign neoplasms. In the Tech-
nical Reports, the words tumor and neoplasm are used interchangeably.

This study was initiated by the National Cancer Institute’s Carcinogenesis Bioassay Program, now part
of the National Institute of Environmental Health Sciences, National Toxicology Program. The studies
described in this Technical Report have been conducted in compliance with NTP chemical health and
safety requirements and must meet or exceed all applicable Federal, state, and local health and safety
regulations. All NTP toxicology and carcinogenesis studies are subjected to a data audit before being
presented for peer review.

Althouﬁx every effort is made to prepare the Technical Re%orts as accurately as possible, mistakes may
occur. Readers are re?uested to identify any mistakes so that corrective action may be taken. Further,
anyone who is aware of related ongoing oz’i_%ublished studies not mentioned in this reg?rt_ls encouraged to
make this information known to the NTP. Comments and &ues.txons about the National Toxicolo:
Program Technical Reports on Toxicology and Carcinogenesis Studies should be directed to Dr. J .E. Huli,
National Toxicology Program, P.O. Box 12233, Research Triangle Park, NC 27709 (919-541-3780).

These NTP Technical Reports are available for sale from the National Technical Information Service,
U.Ss. De;t;artment of Commerce, 5285 Port Royal Road, Springfield, VA 22161 (703-487-4650). Single
copies of this Technical Report are available without char% (and while supplies last) from the NTP
g’}x'})(l)bc Information Office, National Toxicology Program, P.O. Box 12233, Research Triangle Park, NC
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Cl-CH2-CH2-OH
2-CHLOROETHANOL

CAS NO. 107-07-3

Synonyms: Ethylene Chlorohydrin; Chloroethanol;
Glycol Chlorohydrin; B-Chloroethanol

CgaH5CIO Molecular Weight: 80.51

ABSTRACT

Toxicology and carcinogenesis studies of 2-chloroethanol (99% pure), an industrial chemical and an
intermediate in the synthesis of ethylene oxide, were conducted by dermal application of 2-chloro-
ethanol dissolved in 70% ethanol:30% water (v/v) solutions to groups of 50 F344/N rats of each sex at
doses of 0, 50, or 100 mg/kg for 103 weeks or to groups of 50 Swiss CD-1 mice of each sex at doses of 0,
7.5, or 15 mg per animal for 104 weeks (0, 253, or 630 mg/kg at week 1; 0, 180, or 411 mg/kg at week
100). The control groups received skin applications of the vehicle; the mouse studies also included un-
treated control groups of 50 males and 50 females.

2-Chloroethanol solutions were applied to the clipped interscapular area of the animals once daily, 5
days per week for the test period. Rats received a volume of 0.18-0.22 ml of solution; mice received
0.10 ml of solution. In the 13-week studies, mortality was observed in male and female rats receiving
250 mg/kg per day and higher and in male and female mice receiving 20 mg per day and higher. In
the 104-week studies, the survival and body weights of dosed rats were unaffected by 2-chloroethanol.
The survival of high dose male mice was lower (P <0.05) than that of the vehicle controls (vehicle con-
trol, 26/50; 7.5 mg, 16/50; 15 mg, 12/50). Body weights of dosed mice were unaffected by 2-chloro-
ethanol. The survival and body weight gain data suggest that the male and female rats and female
mice could have tolerated a higher dose of 2-chloroethanol. Male mice probably could not have tolera-
ted a higher dose than was applied to the skin. Seven high dose male mice died within 3 days of the
start of dosing; all of these had inflammation at the site of dermal application. Five also had ulcera-
tion at the site of dermal application, and five had lung congestion, inflammation, or hemorrhage.

Marginal increases were found in the incidence of lymphomas or leukemias (combined) as well as in
the incidence of alveolar/bronchiolar adenomas or carcinomas (combined) in low dose male mice.
Since there was no dose-related trend for these tumor incidences and because the increases were ob-
served in only one sex, the increases were not considered to be related to the dermal application of 2-
chloroethanol.

2-Chloroethanol was mutagenic in Salmonella typhimurium strains TA100 and TA1535 (but not
TA1537 or TA98) in either the presence or the absence of Aroclor 1254-induced male Sprague-Dawley
rat or Syrian hamster liver S9. 2-Chloroethanol did not induce sex-linked recessive lethal mutations
in Drosophila melanogaster.

An audit of the experimental data was conducted for these 2-year studies. No data discrepancies were
found that influenced the final interpretations.

Under the conditions of these 2-year dermal studies, there was no evidence of carcinogenicity* of 2-
chloroethanol for male and female F344/N rats given 50 or 100 mg/kg per day or for male and female
Swiss CD-1 mice given 7.5 or 15 mg per animal per day.

*Categories of evidence of carcinogenicity are defined in the Note to the Reader on page 2.
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SUMMARY OF PEER REVIEW COMMENTS
ON THE TOXICOLOGY AND CARCINOGENESIS STUDIES OF
2-CHLOROETHANOL

On July 27, 1984, the draft Technical Report on the toxicology and carcinogenesis studies of 2-chloro-
ethanol received peer review by the National Toxicology Program Board of Scientific Counselors’
Technical Reports Review Subcommittee and associated Panel of Experts. The review meeting began
at 9:00 a.m. in the Conference Center, Building 101, South Campus, National Institute of Environ-
mental Health Sciences, Research Triangle Park, North Carolina.

Mr. Beliczky, a principal reviewer, agreed with the conclusions. He commented that for this chemical
the inhalation or gavage route of exposure may have been more appropriate, since inhalation would
be the primary expected route of exposure in the industrial setting. Dermal application would be
more meaningful if the degree of absorption and metabolism could be be better characterized. Dr. D.
Goldman, NTP, stated that workers are exposed dermally. Mr. Beliczky added that examining urine
from workers exposed to 2-chloroethanol may have practical value.

As a second principal reviewer, Dr. Kociba agreed with the conclusions. He commented on the
apparent dose-related incidence of acute inflammation and ulceration of the skin in male mice and
said that this incidence may have a possible relationship in the high dose group to 2-chloroethanol
application. He also asked that the data for pancreatic acinar cell atrophy in male rats be evaluated
to determine whether any degenerative change in the pancreatic acini during the 2-year study was
compound related. [See p. 59.]

As a third principal reviewer, Dr. Kotelchuck did not fully agree with the conclusion for female rats.
He believed that there was equivocal evidence of carcinogenicity of 2-chloroethanol for adenomas of
the pituitary gland in female rats for the following reasons: (1) the differences between high dose and
vehicle control groups were significant by the life table and Fisher exact tests; (2) two of the three
trend tests showed a statistically significant increase; (3) in an earlier study by Mason and coworkers,
the incidence of adenomas of the pituitary gland in female F344 rats exposed to 2-chloroethanol was
increased; and (4) it is biologically plausible for there to be a sex-influenced effect of this chemical on
an endocrine gland (the incidence in male rats was not increased). Dr. Kotelchuck proposed modify-
ing the conclusions to reflect the marginal increase in adenomas of the pituitary gland in female rats.

Dr. J. Haseman, NIEHS, noted that for adenomas of the pituitary gland the appropriateness of the
life table test instead of the incidental tumor test, which was not statistically significant, depends on
whether the eight tumors occurring in the high dose group before the end of the study were related to
the cause of death. Dr. E. McConnell, NTP, said that tumors of the pituitary gland are not generally
thought of as being lethal. Dr. Kociba commented that there is a continuum of lesions in the pituitary
gland from hyperplasias through adenomas to carcinomas. Dr. G. Boorman, NTP, agreed and said
that other factors used to downgrade the importance of the adenomas in this study were that no
increases were seen for hyperplasias and there was a decrease in the incidences of carcinomas of the
pituitary gland from vehicle control to dosed groups. Dr. J. Huff, NTP, added that the findings in the
study by Mason and coworkers were of borderline significance and that the incidences from different
dose groups had to be combined to show an increase.

Dr. Harper asked for a vote on the conclusion of equivocal evidence of carcinogenicity for describing
the marginal increase of adenomas of the pituitary gland in female rats. There was one affirmative
vote. Dr. Kociba moved that the Technical Report on the toxicology and carcinogenesis studies of 2-
chloroethanol be accepted with the conclusions as written. Dr. Friess seconded the motion, and the
Technical Report was approved unanimously by the Peer Review Panel.
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I. INTRODUCTION

Cl-CH2-CH2-OH
2-CHLOROETHANOL

CASNO. 107-07-3
Synonyms: Ethﬁ'lene Chlorohydrin; Chloroethanol;

Glycol C

CgH;ClO
Use and Production

2-Chloroethanol is an intermediate in the syn-
thesis of ethylene oxide and ethylene glycol and
in the production of indigo, dichloroethyl formal
(an intermediate for the production of poly-
sulfide elastomers), and thiodiethylene glycol
(used in textile printing); it is also an industrial
solvent, a pre-emergent plant growth stimula-
tor, an extractant in the dewaxing of mineral oil,
and an antioxidant for textile printing dyes. The
principal use of 2-chloroethanol was formerly in
the production of ethylene oxide (Schultze,
1965). In this procedure, 2-chloroethanol is pro-
duced by reacting ethylene with hypochlorous
acid; the 2-chloroethanol is dehydrochlorinated
with slaked lime to form ethylene oxide:

CHy=CHjy + HOC] == CICH;CH,0H

CICH;CH,OH + Ca(OH);

2CHy-CHj +CaClg +3H0
0

2-Chloroethanol is an intermediate and is not
isolated in this process. Before 1972, as much as
500 million pounds of ethylene oxide was pre-
pared annually from 1,000 million pounds of 2-
chloroethanol by this process (Blackford, 1976).
Current production of ethylene oxide does not
use this procedure. 2-Chloroethanol is no longer
produced commercially in the United States
(Riesser, 1979). 2-Chloroethanol is also pre-
pared by reacting ethylene oxide with chloride
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lorohydrin; B-Chloroethanol :
Molecular Weight: 80.51

ion or, commercially, with hydrochloric acid or
magnesium chloride (Blackford, 1976).

Environmental Occurrence

The principal sources of 2-chloroethanol emis-
sions are probably liquid wastes and still resi-
dues from manufacturing plants. 2-Chloro-
ethanol poses no shipping hazards other than
those caused by accidental spills or tank rup-
tures. The magnitude of vapor losses during
transfer from transport to storage containers is
unknown.

Toxicity

2-Chloroethanol is toxic when administered to
laboratory animals at the concentrations and by
the routes shown in Table 1. 2-Chloroethanol is
highly irritating to mucous membranes but pro-
duces little if any reaction upon contact with
rabbit skin. It is not a sensitizer in the guinea
pig test. Toxic amounts can be absorbed through
the skin without causing dermal irritation
(Gleason et al., 1969). Toxic reactions in
humans exposed to 2-chloroethanol dermally or
by inhalation were first reported by Koelsch
(1927). Human fatalities have resulted from
ingestion, inhalation, or dermal contact with 2-
chloroethanol (Goldblatt and Chiesman, 1944;
Bush et al., 1949; Ballotta et al., 1953; Saitanov
and Konanova, 1976). In all cases, neurotoxic
symptoms were described. Death was attributed
to cardiac and respiratory collapse.

Guess (1970), in a study of the response of rabbit
tissues, showed that mucosal tissue was more
sensitive to 2-chloroethanol than to ethanol; ede-
ma and erythema were produced by both. Of
particular interest in this study were tissues
that might come in contact with ethylene oxide-
sterilized plastic devices used in medical or



TABLE 1, ACUTE TOXICITY OF 2-CHLOROETHANOL

Species Strain Route LDgy/LCyy Reference
Mouse Inhalation 117 ppm NIOSH (1978)

Mouse Intraperitoneal 81 mg/kg NIOSH (1975)

Mouse Swiss Intraperitoneal 98.3 mg/kg Lawrence et al, (1971)
Mouse Swiss Oral 81 mg/kg Lawrence et al. (1971)
Rat Subcutaneous 84 mg/kg NIOSH (1975)

Rat Inhalation 32 ppm Carpenter et al. (1949)
Rat Sprague-Dawley  Intraperitoneal 64 mg/kg Lawrence et al. (1871)
Guinea pig Dermal 285 mg/kg Wahlberg and Boman (1978)
Guinea pig Huntley Intraperitoneal 86 mg/kg Lawrence et al. (1871)
Guinea pig Inhalation 918 ppm NIOSH (1977

Rabbit New Zealand Intraperitoneal 85 mg/kg Lawrence et al. (1871)
Rabbit New Zealand Dermal 68 mg/kg

Lawrence et al. (1971)

surgical procedures, devices that might contain
residues of 2-chloroethanol. On intracutaneous
administration, 2-chloroethanol was more toxic
than ethanol; a 1:10 dilution caused hemorrhag-
ic reactions within 15 minutes, and affected
areas became necrotic within 24 hours. Histo-
logic examination showed localized edema, cel-
lular destruction, and infiltration by poly-
morphonuclear leukocytes and lymphocytes.
Kronevi et al. (1979) studied the effects of
several industrial solvents on the skin of guinea
pigs. Exposure of guinea pig skin to 2-chloro-
ethanol produced pyknosis of the basal cell
nuclei; severity progressively increased and all
epidermal layers were affected. Perinuclear ede-
ma was progressive, and cytoplasmic vacuoliza-
tion occurred after 16 hours’ exposure. The
livers of animals administered 2-chloroethanol
showed centrilobular hydropic changes charac-
terized by large, clear spaces in the cytoplasm.
Similar but less severe skin changes were in-
duced by carbon tetrachloride, hexane, or
toluene.

Chronic Toxicity and Carcinogenicity

Homburger (1968) studied the effects of 2-chloro-
ethanol on the incidence of alveolar/bronchiolar
adenomas in female CF; mice; a single intra-
venous dose of 1.2 mg 2-chloroethanol had no
effect on the incidence of these tumors over a 12-
month period. When the same dose was ad-
ministered once per month for 7 months, the in-
cidence of adenomas was increased in dosed ani-
mals (control, 2/18; dosed, 5/18).
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Oral administration of 2-chloroethanol (0.01%-
1.28% in the diet) to rats produced toxic effects
at low doses (0.12%) and fatalities at higher
doses (0.32% and higher) (Ambrose, 1960). 2-
Chloroethanol was fatal to rats by inhalation
(two 1-hour exposures at 4 ppm, exposures sepa-
rated by a 2-hour interval), to rats by dermal
application (0.12 ml per animal), to rabbits by
dermal application (three applications of 0.5 ml
per animal) (Ambrose, 1950; Strusevich and
Ekshtat, 1973), and to FDRL rats by gavage
(67.5 mg/kg per day for 21 days) (Oser et al.,
1975).

Mason et al. (1971) found an increased incidence
of pituitary gland adenomas in female F344 rats
dosed with 2-chloroethanol. The dosed rats re-
ceived subcutaneous injections of 2-chloro-
ethanol (in saline) at levels of 0.3-10 mg/kg two
times per week for 52 weeks followed by observa-
tion for an additional 28 weeks. The reported
incidence of pituitary gland adenomas in the
dosed female rats (all dose groups combined) was
7/100; the control rate was 1/50.

2-Chloroethanol and 2-bromoethanol were not
found to be carcinogenic when administered by
subcutaneous injection to female NMRI mice for
approximately 70 weeks at doses of 0.3, 1.0, or
3.0 mg per week (Dunkelberg, 1983).

Genetic Toxicology

The genetic toxicity of 2-chloroethanol has been
investigated in a wide variety of short-term
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I. INTRODUCTION

studies, and the results are summarized in Table
2. 2-Chloroethanol is a weak base-pair substitu-
tion mutagen in bacteria but is essentially nega-
tive in a variety of other systems, including
fungi, Drosophila, mammalian cell cultures, and
rodents. Of 17 studies in Salmonella, 14 show
that 2-chloroethanol is a direct-acting base-pair
substitution mutagen in Salmonella typhimu-
rium strains TA1530, TA1535, and TA100
(Rosenkranz et al., 1974; Rosenkranz and
Wlodkowski, 1974; Bartsch et al., 1975; Mala-
veille et al., 1975; McCann et al., 1975; Rannug
et al.,, 1976; Lofroth, 1978; Nakamura et al.,
1979; Rannug and Beije, 1979; Bignami et al.,
1980a,b; Pfeiffer and Dunkelberg, 1980; Stolzen-
berg and Hine, 1980; NTP, Appendix F). Con-
firmatory results have been obtained in other
bacteria, including Klebsiella pneumoniae
(Voogd and van der Vet, 1969; Voogd et al,,
1972; Voogd, 1973) and Escherichia coli (Nor-
poth et al., 1980); however, this chemical was
negative in the bacterium Streptomyces coeli-
color (Bignami et al., 1980a,b). The addition of
rat liver S9 enhanced the mutagenicity of 2-
chloroethanol in Salmonella, suggesting that 2-
chloroethanol is metabolized to an additional
mutagenic form.

2-Chloroethanol induced DNA damage in E. coli
(Rosenkranz et al, 1974; Rosenkranz and
Wlodkowski, 1974) but not in Bacillus subtilis
(Elmore et al., 1976, Laumbach et al., 1977). 2-
Chloroethanol was not mutagenic in yeast
(Loprieno et al., 1977; Barale et al., 1979) and
did not induce mitotic gene conversion in yeast
(Loprieno et al., 1977); however, it was muta-
genic in the fungus Aspergillus nidulans (Big-
nami et al., 1980a,b). 2-Chloroethanol did not
induce sex-linked recessive-lethal mutations in
Drosophila (Knaap et al., 1982; NTP, Appendix
F), and it did not cause somatic crossing over in
soybeans (Vig, 1975). However, it was reported
to induce abnormal metaphase chromosomes in
onion root tips (Barthelmess and Elkabarity,
1962).

In mammalian cells in vitro, 2-chloroethanol
was not mutagenic (Huberman et al., 1975;
Knaap et al., 1982) and did not inhibit DNA syn-
thesis (Painter and Howard, 1982). However, it
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did induce DNA repair in human fibroblasts in
vitro (Stich et al., 1976). Isakova et al. (1971) re-
ported that 2-chloroethanol increased the fre-
quency of chromosomal aberrations in rat bone
marrow after the animals were exposed by
inhalation; however, detailed data were not
provided. Neither chromosomal aberrations nor
micronuclei were found in mouse bone marrow
cells after exposure to 2-chloroethanol by either
the oral or intraperitoneal injection routes
(Conan et al.,, 1979). In addition, 2-chloro-
ethanol did not induce dominant-lethal
mutations (Epstein et al.,, 1972) or heritable
translocations in the mouse (Sheu et al., 1983).

Teratogenicity and Fetotoxicity

Malformations and high rates of embryo mor-
tality occurred when chick embryos were ad-
ministered 2-chloroethanol at doses of 50 or 100
mg/kg (egg weight) at 0 or 96 hours of incubation
(Verrett, 1974). Fetotoxicity and maternal toxic-
ity were produced when the compound was ad-
ministered by gavage to pregnant Swiss CD-1
mice on days 4-12 of gestation (RTI, 1983a). No
effect on the mother or offspring occurred when
2-chloroethanol was administered in drinking
water to Swiss CD-1 mice on days 6-16 of gesta-
tion. No teratogenic effects were noted in New
Zealand white rabbits administered 2-chloro-
ethanol intravenously at doses (36 mg/kg per
day) that produced significant levels of feto-
toxicity or maternal toxicity (RT1, 1983b).

Environmental Fate of 2-Chloroethanol

Brominated 2- and 3-carbon compounds can be
dehalogenated by a soil Flavobacterium (Castro
and Bartnicki, 1968); 2-chloroethanol and 2-
bromoethanol are probably dehalogenated to
ethylene glycol by this system.

2-Chloroethanol is oxidized in an aqueous en-
vironment through 2-chloroacetaldehyde to 2-
chloroacetic acid. 2-Chloroethanol is soluble in
all proportions in water and can be expected to
leach from soil and be transported by soil water.
Neely et al. (1974) suggested that bioconcen-
tration of water-soluble substances is unlikely.



TABLE 2. SUMMARY OF THE GENETIC TOXICOLOGY OF 2.CHLOROETHANOL

Test System

Endpoint

Result

References

Bacterial Systems

Salmonella typhimurium

Klebsiella pneumoniae

Streptomyces coelicolor
Escherichia coli

E.coli

Bacillus subtilis

Nonmammalian Eukaryotes

Schizosaccharomyces pombe

Aspergillus nidulans

Drosophila melanogaster

Saccharomyces cerevisiae
Allium

Glycine max

Gene mutation

Gene mutation

Gene mutation

Gene mutation

DNA damage

DNA damage

Gene mutation

Gene mutation

Gene mutation

Chromosomal aberrations

Chromosomal aberrations

Chromosomal aberrations
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Rosenkranz et al., 1974
Rosenkranz and Wlodkowski, 1974
Bartsch et al., 1975
Malaveille et al., 1975
McCannetal., 1975
Rannuget al.,, 1976

Lofroth, 1978

Nakamura et al., 1979
Rannug and Beije, 1979
Bignami et al., 1980a,b
Pfeiffer and Dunkelberg, 1980
Stolzenberg and Hine, 1980
NTP, Appendix F

Elmore et al., 1976
Laumbach et al., 1977
Norpoth et al., 1980

Voogd and van der Vet, 1969
Voogd et al., 1972

Voogd, 1973

Knapp et al,, 1982
Bignamietal.,, 1980a,b
Norpoth et al., 1980

Rosenkranzetal., 1974
Rosenkranz and Wlodkowski, 1974

Elmore et al., 1976
Laumbach et al., 1977
Loprieno et al., 1977
Baraleetal., 1979

Bignami etal., 1980a,b

Knaap et al., 1982
NTP, Appendix F

Loprieno et al., 1977
Barthelmess and Elkabarity, 1962

Vig, 1975
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TABLE 2. SUMMARY OF THE GENETIC TOXICOLOGY OF 2-CHLOROETHANOL (Continued)

Test System Endpoint Result References
Mammalian Cells (in vitro)
Mouse lymphoma Gene mutation - Knaapetal., 1982
Chinese hamster (V79) - Huberman et al., 1975
Human (HeLa) DNA damage - Painter and Howard, 1982
Human fibroblasts + Stichetal., 1976
Mammals (in vivo)
Rat (bone marow) Chromosomal aberrations Isakova et al., 1971
Mouse Conan et al., 1979

Micronucleus

Heritable translocations

Dominant lethal

Conanet al., 1979
Sheu et al., 1983
Epstein et al., 1972

e+

Tissue Distribution and Metabolism

No reports were found on the kinetics of the der-
mal absorption of 2-chloroethanol or on the tis-
sue distribution of 2-chloroethanol following
dermal absorption. After a single oral dose of an
aqueous solution of [1,2-14C}-2-chloroethanol (5
or 50 mg/kg) was administered to adult male
Wistar rats, 77%-80% of the administered radio-
activity was recovered in the urine within 24
hours (Grunow and Altmann, 1982). In the
same time period, another 3%-5% was recovered
in the feces and expired air. No unchanged 2-
chloroethanol was recovered in either feces or
urine; expired 14C was all in the form of 14COa.
Peak levels of radioactivity were found in blood
1 hour after administration; these levels were
reduced by 50% after approximately 4 hours.
About 90% of the radioactivity in the urine was
in the form of thiodiacetic acid and thio-
nyldiacetic acid, the latter probably formed by
the oxidation of the former metabolite.

Johnson (1965) suggested that the toxicity of 2-
chloroethanol was due to the formation of chloro-
acetaldehyde by the test animal in amounts
greater than could be detoxified by glutathione
(GSH). 2-Chloroethanol is known to be a
substrate for the purified cytoplasmic alcohol
dehydrogenase of human liver (Blair and Vallee,
1966), rat liver, or yeast (Johnson, 1967).
Johnson (1967) demonstrated the in vivo and in
vitro formation of S-carboxymethyl-GSH in
livers of rats dosed with 2-chloroethanol (I).
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S-Carboxymethyl-GSH (IV) is presumably
formed from GSH and chloroacetaldehyde (II),
the dehydrogenation product of 2-chloroethanol
(I); S-formylmethyl-GSH (III) is the presumed
intermediate.

CICH,CH,0H +NAD*
@

CICH,CHO + NADH +H +
a

CICH,CHO + GSH

GS-CHyCHO +H+Cl-
(T

GS-CH,CHO +NAD* +H,0

GS-CH,COOH +NADH+H*
av)

Grunow and Altmann (1982) reported finding
thiodiacetic acid (VI) and thionyldiacetic acid
(VID) in the urine of rats given an oral dose of 2-
chloroethanol; both (VI) and (VII) are derivable
from S-carboxymethylcysteine (V), the hy-
drolysis and deamination product of S-carboxy-
methyl-GSH (IV).



GS-CH;CHO P> GS-CH;COOH

(I

awv)

i

HOOCCH(NH,)CH, - S~ CHyCOOH

0

)

HOOCCH; - S - CH;COOH === HOOCCH, -8~ CH;COOH

(VID

Thiodiacetic acid has been shown to be a
metabolite of compounds that have the general
property of being converted to chloro-
acetaldehyde; these compounds include vinyl
chloride (Green and Hathway, 1975, 1977,
Watanabe et al., 1976), 1,2-dichloroethanol
(Yllner, 1971), and vinylidene chloride (Jones
and Hathway, 1978).

Other Sources of 2-Chloroethanol

Ethylene oxide can react with chloride ions in
aqueous systems to produce 2-chloroethanol:

CH;—-CHy +H+ + CI”

o
CICH,-CH,0H

The original report by Wesley et al. (1965)
showing 2-chloroethanol residues (1-1,000 ppm)
in foods sterilized by ethylene oxide was con-
firmed and extended by Ragelis et al. (1966,
1968). This work has been reviewed (Fishbein,
1969, 1976; Balazs, 1976, USEPA, 1978; FDA,
1978). Ethylene oxide and 2-chloroethanol resi-
dues (1-10 ppm) were found following ethylene
oxide sterilization of pharmaceuticals (Adler,
1965; Holmgren and Diding, 1969) as well as in
materials commonly used in surgical implants
and medical procedures (Gunther, 1974a,b;
Kozlenchkov and Medvedev, 1975; Brown, 1970;
McGunnigle et al., 1975, O’Leary and Guess,
1968). Low-level exposure to 2-chloroethanol
may be widespread because of the worldwide use
of ethylene oxide as a sterilant. Current annual
U.S. production of ethylene oxide is approxi-
mately 6.7 billion pounds (OSHA, 1982).

21
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Ethylene oxide is both toxic and carcinogenic
(IARC, 1976, 1984; USEPA, 1978, OSHA, 1982;
NIOSH, 1983; Generoso et al., 1981; Glaser,
1979). Ethylene oxide is currently under test by
the NTP in 2-year inhalation studies at con-
centrations of 0, 50, or 100 ppm in mice.

Toxicology of Ethylene Oxide

The available studies of humans exposed
occupationally to ethylene oxide were considered
to be inadequate to evaluate the carcinogenic
potential (IARC, 1976). No notable health
problems were found in a group of current and
former chemical plant employees exposed to
ethylene oxide (Joyner, 1964); however, a 15-fold
increase in the incidence of leukemia was ob-
served in a group of 89 Swedish workers exposed
to ethylene oxide at concentrations of 10-30 ppm
for 4-10 years (expected number, 0.2; actual
number, 3.0). Examination of workers exposed
full time, part time, or not at all revealed signifi-
cant increases in mortality in general and in-
creases in death from stomach cancer or leuke-
mia in workers with a history of exposure to
ethylene oxide. Ethylene oxide exposure was es-
timated to range from 6 ppm in the 1970’s to
about 30 ppm in the 1950’s and 1960’s, and up to
700 ppm in the 1940’s; however, these workers
were also exposed to other chemicals (Hogstedt
et al,, 1979a,b). The Occupational Safety and
Health Administration has proposed a reduction
in the permissible exposure limit to ethylene
oxide from 50 to 1 ppm averaged over an 8-hour
workday (OSHA, 1983). The U.S. Environ-
mental Protection Agency (USEPA,1984) re-
cently published new labeling requirements for
ethylene oxide containers to assure that workers
using ethylene oxide would not be exposed
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I. INTRODUCTION

at concentrations greater than those proposed by
OSHA.

Administration of ethylene oxide (75 or 150
mg/kg) to pregnant New Zealand rabbits at four
different 2-day postfertilization periods (days 4-
6, 6-8, 8-10, 10-12) of gestation produced no tera-
togenic effects, although maternal toxicity was
dose related. A lowering of fetal body weight
and average litter size and increases in maternal
toxicity and structural malformations in pups
occurred in a dose-related fashion when ethylene
oxide (75 or 150 mg/kg) was administered to
pregnant Swiss CD-1 mice at days 4-6, 6-8, 8-10,
or 10-12 of gestation (Kimmel and LaBorde,
1979; LaBorde and Kimmel, 1980). Weanling
F344 male and female rats were exposed to
ethylene oxide (0, 10, 33, or 100 ppm) for 6 hours
per day, 5 days per week for 12 weeks before
being mated. The pregnant female rats in the
100-ppm dose group had longer gestation
periods, reduced fertility index, and fewer pups
per litter (Snellings et al., 1982).

Metabolism of vinyl chloride monomer may pro-
vide another source of exposure to 2-chloro-
ethanol. Monochloroacetic acid was found in the
urine of workers exposed to vinyl chloride
monomer (Grigorescu and Toba, 1966). Chloro-
acetaldehyde, chloroethylene oxide, and 2-
chloroethanol are likely intermediates in the
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metabolism of vinyl chloride (Green and
Hathway, 1977, Watanabe et al,, 1976). 2-
Chloroethanol may be a metabolic intermediate
common to both ethylene oxide and vinyl
chloride monomer--two industrial chemicals
produced worldwide in large amounts.

Regulatory Status of 2-Chloroethanol

The Food and Drug Administration (FDA, 1978)
has proposed maximum residue limits and 30-
day maximum exposure levels for ethylene oxide
(30 ug/kg per day), 2-chloroethanol (15 ug/kg per
day), and ethylene glycol (2.6 mg/kg per day).
The U.S. Environmental Protection Agency
(USEPA, 1978) proposed revoking all registra-
tions and continuing registrations of pesticide
products containing ethylene oxide.

Study Rationale

2-Chloroethanol was selected for testing because
of its metabolic and chemical relationship to
ethylene oxide and vinyl chloride monomer, its
potential widespread exposure via ethylene
oxide residues, and the lack of adequate
carcinogenicity testing. Dermal application was
selected because it is one of the two usual routes
of exposure in humans, the other major route
being inhalation. The F344/N rat and the Swiss
mouse were chosen as the test animals.
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II. MATERIALS AND METHODS

PROCUREMENT AND
CHARACTERIZATION OF
2-CHLOROETHANOL

2-Chloroethanol was obtained in two batches.
The first batch was obtained from Eastman
Kodak Co. (lot no. A3X) and was identified as 2-
chloroethanol by infrared, ultraviolet/visible,
and nuclear magnetic resonance spectroscopy.
All spectra were consistent with those expected
for the structure of the chemical and with the
available literature spectra (Appendix G). Cu-
mulative data indicated that this batch of 2-
chloroethanol was greater than 99% pure
(Appendix (). This conclusion is based on
elemental analyses in agreement with
theoretical values, a value of 0.090% water as
determined by Karl Fischer titration, and three
gas chromatographic systems that indicated a
single homogenous peak by one system and
impurities totaling 0.20% and 0.39% by the
other two systems.

The second batch of test chemical (lot no. C742)
was obtained from Fischer Scientific Co. and was
identified as 2-chloroethanol by spectroscopy,
which produced results similiar to those for the
first batch (Appendix G). This batch was estima-
ted to be approximately 99% pure; the results of
elemental analyses for carbon and hydrogen
agreed with theoretical values, but values for
chlorine were slightly higher than theoretical. A
value of 0.082% water was obtained by Karl
Fischer titration. The major impurity in this
batch was identified as 2-(2-chloroethoxy)eth-
anol and quantitated at 0.9%.

2-Chloroethanol was stored in the dark at 5° C in
its original container. Results of periodic re-
analyses of the bulk chemical by infrared spec-
troscopy and gas chromatography indicated no
notable degradation of the chemical throughout
the study (Appendix G).

PREPARATION AND
CHARACTERIZATION OF DOSE
MIXTURES

2-Chloroethanol and B80% (single-adminis-
tration, 14-day, and 13-week studies) or 70% (2-
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year studies) ethanol in water were mixed to
yield the desired solution (Appendix H). Solu-
tions of 2-chloroethanol (7.9% and 9.4% w/v) in
70% (v/v) ethanol/water were shown by the
testing laboratory to be stable for 21 days when
stored at room temperature. For these studies,
formulated mixtures of 2-chloroethanol were
stored at room temperature for no longer than 2
weeks.

Dose mixtures were analyzed at the testing labo-
ratory every 8 weeks during the 2-year studies
(Appendix I). In addition, referee samples were
analyzed by the analytical laboratory approxi-
mately every 6 months as a quality assurance
measure to check the mixing and analysis pro-
cedures at the testing laboratory (Appendix I).
The concentrations of 3 of the 55 mixtures (5.5%)
analyzed at the testing laboratory differed from
the target concentration by more than 10%
(Table 3; Appendix J, Table J1). Two of these
three mixtures were not administered to the
animals but were remixed and reanalyzed before
dosing. The third, which was found to be 110.9%
of the target concentration, was administered to
the animals.

TABLE 3. CONCENTRATIONS OF 2-CHLORO-
ETHANOL IN DOSE MIXTURES IN THE
TWO-YEAR DERMAL STUDIES

Percent of Target
Concentration
Mean 101.0
Standard deviation 7.90
Coefficient of variation (percent) 7.82
Number of samples 55

DERMAL APPLICATION

For all animals, the interscapular skin was pre-
pared by removing the hair with an electric
clipper (No. 40 head). An area of about3 X 3 cm
was clipped on the mice and an area of about 6 X
6 c¢cm on the rats. For all studies except the
single-administration studies, the backs of the
animals were clipped two times per week for the
first 2 weeks of the.studies and weekly there-
after,



II. MATERIALS AND METHODS

SINGLE-ADMINISTRATION STUDIES

Male and female F344/N rats were obtained
from Frederick Cancer Research Center, and
male and female Swiss Webster mice were
obtained from Charles River Breeding Labora-
tories. Rats were observed for 1 week and mice
were observed for 3 weeks before the studies be-
gan. Rats were housed two per cage, and mice
were housed five per cage. All animals received
water and feed ad libitum during the observa-
tion period. Details of animal maintenance are
givenin Table 4.

Groups of two to eight male and two to nine
female rats were given single dermal appli-
cations of 2-chloroethanol (7.5, 15, 20, 30, 40, 60,
80, 100, 119 [males only], 239, or 479 mg).
Groups of five mice of each sex were given 10,
14.7, 21.5, 31.6, 46.4, or 68.1 mg. The 2-chloro-
ethanol was applied either undiluted or in 80%
ethanol/water depending on dose. There were no
vehicle control animals. Animals were observed
for 14 days for mortality. Body weights were
recorded on the day of dosing and then on days 7
or 8 and 14. Necropsies were performed on all
animals.

FOURTEEN-DAY STUDIES

Male and female F344/N rats and Swiss Webster
mice were obtained from Charles River Breeding
Laboratories and were held for 4 weeks before
the studies began.

Groups of five males and five females of each
 species were given dermal applications of 2-
chloroethanol in 80% ethanol in water for 14
consecutive days. Each day, rats received 0, 20,
30, 40, 60, or 80 mg per animal, and mice re-
ceived 0, 2.5, 5, 10, 20, 30, 45, or 60 mg per
animal. The 45-mg and 80-mg groups of mice
were tested (without concurrent vehicle con-
trols) after completion of the rest of the studies.

Animals were housed five per cage and received
water and feed ad libitum. Details of animal
maintenance are presented in Table 4. The rats
and mice were observed twice per day and were
weighed on days 0, 7, and 14 (rats) or days 1, 7,
and 15 (mice). Necropsies were performed on all
animals. Tissues examined are listed in Table 4.
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THIRTEEN-WEEK STUDIES

Thirteen-week studies were conducted to evalu-
ate the cumulative toxicity of 2-chloroethanol
and to determine the doses to be used in the 2-
year studies.

Four-week-old male and female F344/N rats
were obtained from Harlan Industries, Indiana-
polis, Indiana, and 3-week-old male and female
Swiss CD-1 mice were received from Charles
River Breeding Laboratories, Portage, Michi-
gan. Rats and mice were observed for 3 weeks
before the studies began. Rats and mice were
housed five per cage in polycarbonate cages.
Diets consisting of Purina Lab Chow® and water
(acidified with hydrochloric acid to pH 2.5 for
bacterial control) were available ad libitum.
Further experimental details are summarized in
Table 4.

Groups of 10 rats of each sex were given dermal
applications of 2-chloroethanol (0, 62, 125, 250,
500, or 1,000 mg/kg) in 80% ethanol in water, 5
days per week for 13 weeks. Groups of 10 mice of
each sex received 0, 5, 10, 20, 30, or 45 mg per
animal on the same schedule.

Rats were checked two times per day, and mice
were checked once per day; moribund animals
were killed. Clinical examinations were per-
formed and animal weights recorded once per
week,

At the end of the 13-week studies, survivors
were killed. Necropsies were performed on all
animals, except those excessively autolyzed or
cannibalized. Tissues and groups examined are
listed in Table 4.

TWO-YEAR STUDIES
Study Design

Groups of 50 rats of each sex were administered
0, 50, or 100 mg/kg 2-chloroethanol in 70%
ethanol in water by dermal application, 5 days
per week for 103 weeks. Groups of 50 mice of
each sex were administered 0, 7.5, or 15 mg 2-
chloroethanol in 70% ethanol in water by dermal
application, 5 days per week for 104 weeks.
Additional groups of 50 untreated mice of each
sex were also included.
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TABLE 4. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN THE DERMAL STUDIES
OF 2-CHLOROETHANOL

Single-Administration Studies

Fourteen-Day Studies

Thirteen-Week Studies

Two-Year Studies

EXPERIMENTAL DESIGN

Testing Laboratory

Litton Bionetics, Inc.

Size of Test Groups

Rats--2-8 males, 2-9
females; mice--5 of
each sex

Rats--7.5, 18, 20, 30,
40,60, 80,100,119
(males only), 289, or

479 mg; mice--10, 14.7,

21.5,31.6,46.4,0r

68.1 mg 2-chloroethanol

(undiluted or in 80%

ethanol in water) by

dermal application;

dose vol: rats--0.05-

0.4 ml; mice--0.1 ml
Date of First Dose

Rats--7/21-7/29/17;
mice--2/14-2/16/77

Date of Last Dose
N/A

Duration of Dosing
Single dose

Litton Bionetics, Inc.

5 of each sex and species

Rats--0, 20, 30, 40, 60,
or 80 mg; mice--0,2.5, 5,
10, 20, 30, 45, or 60 mg
2-chloroethanol in 80%
ethanol in water by
dermal application;
dose vol: 0.1 ml

Rats--11/1/77; mice--
3/23/717, 3/29/17 (60 mg),
4/5/77 (45 mg)

Rats--11/14/77; mice--
4/5/17, 4/18/17 (45 mg)

14 consecutive days

Type and Frequency of Observation

Rats--observed 1.2h
and 4 h after dosing on

d1land1l X dthere-
after; weighed on
d1,7,and 14;

mice--weighedond 1,

8,and 14

Observed 2 X d; rats--

weighedon d 0, 7, 14; mice--

weighedond1,7,and 15

Necropsy and Histologic Examination’

all

Necropsy performed on
animals

Necropsy performed on
all animals; the following
tissues were examined

grossly; gross lesions; skin;

mandibular lymph node;
mammary gland; salivary
gland; thigh muscle;
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Litton Bionetics, Inc.

10 of each sex and species

Rats--0, 62, 125, 250,
500, or 1,000 mg/kg;
mice--0, 5, 10, 20, 30,

or 45 mg 2-chloroethanol
in 80% ethanol in water
by dermal application;
dose vol: rats--0.2 ml;
mice--0.1 m}; inter-
scapular dosing area
was clipped weekly

Rats--1/9/78; mice--6/21/77

Rats--4/7/78; mice--9/16/77

5d/wk for 13 wk

Rats--clinically examined
1 X wk; body weight
measured 1 X wk; mice--
observed 2 X d; body
weight measured 1 X wk;
observed 1-2hand4 h
after dosingond 1,and

1 X d thereafter

Necropsy performed on
all animals; the following
tissues were examined

for vehicle control and
1,000 mg/kg group rats,
and vehicle control, 20,
30, and 45 mg group mice,

Litton Bionetics, Inc.

50 of each sex and species

Rats--0, 50, or 100 mg/kg;
mice--0, 7.5, 0or 15 mg
2-chloroethanol in 70%
ethanol in water by dermal
application; dose vol: male
rats--0.22 ml; female
rats--0.18 ml; mice--0.10 mi;
interscapular dosing area
was clipped weekly

Rats--2/8/80; mice--1/29/80

Rats--1/29/82; mice--1/25/82

Rats--5 d/wk for 103 wk;
mice--5 d/wk for 104 wk

Observed 2 X d; clinical
exam, palpation 1 X mo;
weighed 1 X wk for 13 wk,
then 1 X mo thereafter

Necropsy performed on
all animals; histopath
exam performed on the
following tissues of all
animals: gross lesions
and tissue masses; blood
smear; mandibular and



TABLE 4. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN THE DERMAL STUDIES
OF 2-CHLOROETHANOL (Continued)

Single-Administration Studies Fourteen-Day Studies

Thirteen-Week Studies

Two-Year Studies

Necropsy and Histologic Examination (Continued)

sciatic nerve; sternebrae,
(including marrow);
costochondral junction
(rib); thymus; larynx;
trachea; lungs and
bronchi; tissue masses;
adrenal glands; urinary
bladder; regional lymph
nodes; ileum; colon; cecum;
rectum; mesenteric ’
lymph node; liver;
pancreas; spleen; kidneys;
seminal vesiclea/prostate/
testes or ovaries/uterus;
no histopath exam

ANIMALS AND ANIMAL MAINTENANCE

Species

F344/N rats; Swiss
Webster mice

Animal Source

Rats--Frederick Cancer
Research Center
(Frederick, MD);
mice--Charles River
Breeding Laboratories
(Portage, MI)

Time Held Before Start of Test

Rats--1 wk; mice--3 wk
Age When Placed on Study

Rats--6-9 wk; mice--6 wk
Age When Killed |

Rats--8-11 wk; mice--8 wk

Necropsy Dates

Rats--8/4-8/12/77;
mice--2/28/77

Same as single-administra-

tion studies

" Charles River Breeding

Laboratories (Portage, MI)

4wk

Rats--8 wk; mice--7 wk

Rats--10 wk; mice--9 wk

Rats--11/15/77;
mice--4/6/77, 4/19/77
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and all animals that died
before the end of the study:
gross lesions and tissue
masses; mesenteric and
cervical lymph nodes;
salivary gland; sternebrae
(including marrow);

thyroid gland; parathyroids;
small intestine; colon;

liver; prostate/testes or
ovaries/uterus; lungs and
mainstem bronchi; mam-
mary gland; heart; esoph-
agus; stomach; brain;
thymus; trachea; pancreas;
spleen; kidneys; adrenal
glands; skin; urinary bladder;
pituitary gland; gallbladder
(mice only); in addition,
pancreas, lungs, and large
intestine were examined
histopathologically in

all groups of dosed rats

F344/N rats;
Swiss CD-1 mice

Rats--Harlan Industries
(Indianapolis, IN);
mice--Charles River
Breeding Laboratories
(Portage, MI)

Rats--20 d; mice--3 wk

Rats--7 wk; mice--6 wk

Rats--20 wk; mice--20 wk

Rats--4/10-4/11/78;
mice--9/19/77

mesenteric lymph nodes;
salivary gland; sternebrae
(including marrow); thyroid
gland; parathyroids; colon;
liver; urinary bladder;
prostate/testes/seminal
vesicles or ovaries/uterus;
lungs and mainstem bronchi;
skin (dosed and undosed
sites); cecum; thigh muscle;
brain; costochondral junc-
tion, rib; larynx; nasal cavi-
ty; heart; esophagus;
stomach; thymus; trachea;
pancreas; spleen; kidneys;
adrenal glands; pituitary
gland; mammary gland;
duodenum; ileum; jejunum;
sciatic nerve; rectum; gall-
bladder (mice); spinal cord (if
neurologic signs were
present); eyes (if grossly
abnormal)

Same as 13-week studies

Charles River Breeding

Laboratories

(Portage, MI)

Rats--2 wk; mice--3 wk

Rats--7 wk; mice--6 wk

Rats--112 wk; mice--111 wk

Rats--2/8-2/11/82;
mice--2/1-2/3/82
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TABLE 4. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN THE DERMAL STUDIES
OF 2.CHLOROETHANOL (Continued)

Single-Administration Studies

Fourteen-Day Studies

Thirteen-Week Studies

Two-Year Studies

ANIMALS AND ANIMAL MAINTENANCE (Continued)

Method of Distribution

Feed

So that average cage
weights were approxi-
mately equal

Purina Lab Chow®
(Ralston Purina Co.,
St. Louis, MO); ad
libitum

Bedding

Water

Cages

Ab-sorb-Dri®

(Williams Feed and
Bedding, Gaithersburg,)
MD)

Tap water acidified
with hydrochloric acid
to pH 2.5, provided

ad libitum

Polycarbonate (Lab
Products, Inc., Garfield
and Rochelle Pk, NJ,
and Hazelton Systems,
Aberdeen, MD)

Cage Filters

Nonwoven polyester
(Snow Filtration,
Cincinnati, OH)

Animals per Cage

Rats--2; mice--6

Cage Rotation

2-Chloroethanol, NTP TR 275

None

Same as single-administra-
tion studies

Same as single-administra-
tion studies

Same as single-administra-
tion studies

Same as single-administra-
tion studies

Same as single-administra-
tion studies

Same as single-administra-
tion studies

None
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Same as single-administra-
tion studies

Same as single-administra-
tion studies

Same as single-administra-
tion studies

Same as single-administra-
tion studies

Same as single-administra-
tion studies

Same as single-administra-
tion studies

None

Assigned to cages according
to a table of random
numbers; then cages
assigned to groups accord-
ing to another table of
random numbers

NIH 07 Open Formula Rat
and Mouse Ration

Pellets (Ziegler Bros.,
Gardners, PA); ad libitum

Ab-sorb-Dri®

(Williams Feed and Bedding,
Gaithersburg, MD) before
9/23/81; Sani-chips (P.J.
Murphy Forest Products,
Rochelle Pk, NJ) thereafter

Same as single-administra-
tion studies

Same as single-administra-
tion studies

Same as single-administra-
tion studies

None



TABLE 4. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN THE DERMAL STUDIES
OF 2-CHLOROETHANOL (Continued)

Single-Administration Studies Fourteen-Day Studies

Thirteen-Week Studies

Two-Year Studies

ANIMALS AND ANIMAL MAINTENANCE (Continued)

Animal Room Environment

Fluorescent light

12 h/id; temp: 23°% 2°C;
hum--30%-70%; room air
changes not reported

Rats--fluorescent light
12 h/d; temp--23°+ 2°C;
hum--30%-70%; mice--
fluorescent light 8 h/d;
temp--22°t 1°C;
hum--30%-70%;

12-15 room air changes/h

Other Chemicals on Test in Same Room

Rats--no record; None
mice--none

CHEMISTRY

Lot Numbers Used
A3X A3X

Date of Initial Use of Subsequent Lots

N/A N/A
Supplier
Eastman Kodak Same as single-administra-

(Rochester, NY) tion studies
CHEMICAL/VEHICLE
Preparation

Same as single-administra-
tion studies

Chemical was dissolved
in 80% ethanol; solu-
tions were mixed in
screwcapped test tubes
and hand shaken

Maximum Storage Time
2d 2wk
Storage Conditions

Same as single-administra-
tion studies

Room temp within
dosing hood in
animal room

Fluorescent light 12 h/d;
hum--30%-70%;

air changes not stated;
temp--23°1 2°C;

Rats--no record;
mice--none

A3X

N/A

Same as single-administra-
tion studies

Same as single-administra-
tion studies

Rats--1 wk; mice--2 wk

Same as single-administra-
tion studies

Fluorescent light 12 h/d;
temp--23°% 1°C;
hum--30%-70%
(Appendix M);

12-15 room air changes/h

None

A3X,C742

December 1980

Eastman Kodak
(Rochester, NY);
Fisher Scientific Co.
(St. Louis, MO)

Appropriate amounts of
2.chloroethanol were
added to prelabeled, clean,
and dry 100-ml graduated
cylinders with stoppers;
solutions were adjusted
with 70% ethanol to final
volumes of 75 ml and
mixed by inversion until
uniform

2wk

Room temp
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II. MATERIALS AND METHODS

Source and Specifications of Test Animals

The male and female F344/N rats used in these
studies were produced under strict barrier con-
ditions at Charles River Breeding Laboratories
(Portage, Michigan) under a contract to the Car-
cinogenesis Program. Breeding starts for the
foundation colony at the production facility
originated at the National Institutes of Health
Repository. Animals shipped for testing were
progeny of defined microflora-associated parents
that were transferred from isolators to barrier-
maintained rooms. The male and female
Crl:.CD®-1(ICR)BR Swiss mice used in these
studies were obtained from Charles River Breed-
ing Laboratories, Portage, Michigan, from their
cesarean-originated, barrier-sustained produc-
tion colony. Rats were shipped to the testing
laboratory at 5 weeks of age, and mice at 3
‘weeks. The rats were quarantined at the testing
facility for 2 weeks, and the mice for 3 weeks.
Thereafter, a complete necropsy was performed
on five animals of each sex and species to assess
their health status. The rats were placed on
study at 7 weeks of age, and the mice at 6 weeks.
The health of the animals was monitored during
the course of the study according to the protocols
of the NTP Sentinel Animal Program (Appendix
K).

Animal Maintenance

Rats and mice were housed five per cage in
polycarbonate cages. Feed and water (acidified
with hydrochloric acid to pH 2.5 for bacterial
control) were available ad libitum. Details of
animal maintenance are summarized in Table 4.

Clinical Examinations and Pathology

All animals were observed two times. Clinical
signs were recorded once per month. Body
weights by cage were recorded once per week for
the first 13 weeks of the study and once per
month thereafter. Mean body weights were
calculated for each group. Moribund animals
were killed, as were animals that survived to the
end of the study. Necropsies were performed on
all animals, including those found dead unless
they were excessively autolyzed or cannibalized.
Thus, the number of animals from which
particular organs or tissues  were examined
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microscopically varies and is not necessarily
equal to number of animals that were placed on
study in each group.

Examinations for grossly visible lesions were
performed on major tissues or organs. Tissues
were preserved in 10% neutral buffered
formalin, embedded in paraffin, sectioned, and
stained with hematoxylin and eosin. Tissues
examined microscopically are listed in Table 4.

When the pathology examination was com-
pleted, the slides, individual animal data rec-
ords, and summary tables were sent to an in-
dependent quality assurance laboratory. Indi-
vidual animal records and tables were compared
for accuracy, slides and tissue counts were veri-
fied, and histotechnique was evaluated. All tu-
mor diagnoses, all target tissues, and all tissues
from a randomly selected 10% of the animals
were evaluated by a quality assurance patholo-
gist. Slides of all target tissues and those about
which the original and quality assurance
pathologists disagreed were submitted to the
Chairperson of the Pathology Working Group
(PWG) for evaluation. Representative coded
slides selected by the Chairperson were re-
viewed by PWG pathologists, who reached a con-
sensus and compared their findings with the
original and quality assurance diagnoses. When
diagnostic differences were found, the PWG sent
the appropriate slides and comments to the
original pathologist for review. This procedure
has been described, in part, by Maronpot and
Boorman (1982) and Boorman et al. (1985). The
final diagnoses represent a consensus of con-
tractor pathologists and the NTP Pathology
Working Group.

Nonneoplastic lesions are not examined rou-
tinely by the quality assurance pathologist or
the PWG. Certain nonneoplastic findings are re-
viewed by the quality assurance pathologist and
the PWG if they are considered part of the toxic
response to a chemical or if they are deemed of
special interest.

Statistical Methods
Data Recording: Data on this experiment were

recorded in the Carcinogenesis Bioassay Data
System (Linhart et al., 1974). The data elements
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include descriptive information on the
chemicals, animals, experimental design,
survival, body weight, and individual pathologic
results, as recommended by the International
Union Against Cancer (Berenblum, 1969).

Survival Analyses: The probability of survival
was estimated by the product-limit procedure of
Kaplan and Meier (1958) and is presented in the
form of graphs. Animals were censored from the
survival analyses at the time they were found
dead of other than natural causes or were found
to be missing; animals dying from natural
causes were not censored. Statistical analyses
for a possible dose-related effect on survival used
the method of Cox (1972) for testing two groups
for equality and Tarone’s (1975) life table test for
a dose-related trend. All reported P values for
the survival analysis are two-sided.

Calculation of Incidence: The incidence of neo-
plastic or nonneoplastic lesions is given as the
ratio of the number of animals bearing such le-
sions at a specific anatomic site to the number of
animals in which that site was examined. In
most instances, the denominators include only
those animals for which the site was examined
histologically. However, when macroscopic ex-
amination was required to detect lesions (e.g.,
skin or mammary tumors) prior to histologic
sampling, or when lesions could have appeared
at multiple sites (e.g., lymphomas), the denomi-
nators consist of the number of animals on which
necropsies were performed.

Analysis of Tumor Incidence: Three statistical
methods are used to analyze tumor incidence
data. The two that adjust for intercurrent mor-
tality employ the classical method for combining
contingency tables developed by Mantel and
Haenszel (1959). Tests of significance included
pairwise comparisons of high dose and low dose
groups with vehicle controls and tests for overall
dose-response trends.

For studies in which compound administration
has little effect on survival, the results of the
three alternative analyses will generally be
similar. When differing results are obtained by
the three methods, the final interpretation of the
data will depend on the extent to which the tu-
mor under consideration is regarded as being the
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cause of death. All reported P values for tumor
analyses are one-sided.

Life Table Analyses--The first method of analy-
sis assumed that all tumors of a given type ob-
served in animals dying before the end of the
study were “fatal”; i.e., they either directly or in-
directly caused the death of the animal. Ac-
cording to this approach, the proportions of
tumor-bearing animals in the dosed and vehicle
control groups were compared at each point in
time at which an animal died with a tumor of
interest. The denominators of these proportions
were the total number of animals at risk in each
group. These results, including the data from
animals killed at the end of the study, were then
combined by the Mantel-Haenszel method to
obtain an overall P value. This method of ad-
justing for intercurrent mortality is the life table
method of Cox (1972) and of Tarone (1975).

Incidental Tumor Analyses--The second method
of analysis assumed that all tumors of a given
type observed in animals that died before the
end of the study were “incidental”; i.e., they
were merely observed at necropsy in animals dy-
ing of an unrelated cause. According to this ap-
proach, the proportions of tumor-bearing ani-
mals in dosed and vehicle control groups were
compared in each of five time intervals: weeks
0-52, weeks 53-78, weeks 79-92, week 93 to the
week before the terminal-kill period, and the
terminal-kill period. The denominators of these
proportions were the number of animals on
which necropsies were actually performed
during the time interval. The individual time
interval comparisons were then combined by the
previously described method to obtain a single
overall result. (See Haseman, 1984, for the com-
putational details of both methods.)

Unadjusted Analyses--Primarily, survival-ad-
justed methods are used to evaluate tumor inci-
dence. In addition, the results of the Fisher
exact test for pairwise comparisons and the
Cochran-Armitage linear trend test (Armitage,
1971; Gart et al., 1979) are given in the appendix
containing the analyses of primary tumor inci-
dence. These two tests are based on the overall
proportion of tumor-bearing animals and do not
adjust for survival differences.
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III. RESULTS: RATS

SINGLE-ADMINISTRATION STUDIES

All male rats that received 80 mg or more and Finney, 1964). For male rats, the steepness of
all female rats that received 239 mg or more the dose-response curve did not permit a formal
were dead within 4 hours (Table 5). All deaths LDsg value (14-day) estimate; the value is
in other groups also occurred within 4 hours of  between 60 mg/rat (no deaths) and 80 mg/rat
dosing. For female rats, the LD5g value (14-day) (100% mortality).

was estimated to be 58.6 mg/rat (probit analysis;

TABLE 5. SURVIVAL AND MEAN BODY WEIGHTS OF RATS IN THE SINGLE-ADMINISTRATION
DERMAL STUDIES OF 2.-CHLOROETHANOL

Dose Survival Mean Body Weights (grams)
mg mg/kg (a) (b) Initial Day 14 Change
MALE

75 38 2/2 198 240 + 42
15 96 2/2 156 200 + 44
20 118 5/5 170 183 + 13
30 180 2/2 167 212 + 45
40 235 5/5 170 178 + 8
60 331 8/8 181 190 + 9
80 473 0/5 169 - --

100 588 0/5 170

119 856 0/2 139

239 1,552 0/2 154

479 2,957 0/2 162

FEMALE

7.5 55 2/2 136 158 + 22
15 103 2/2 145 167 + 22
20 139 5/5 144 157 + 13
30 222 2/2 135 160 + 25
40 284 2/5 141 154 + 13
60 426 5/9 141 154 + 13
80 563 2/5 142 130 - 12

100 704 1/5 142 167 + 25

239 1,853 0/2 129 - -

479 3,713 0/2 129

(a) Day 1 dose based on initial group mean body weight
(b) Number surviving/number initially in the group. All deaths occurred within 4 hours of dosing.
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III. RESULTS: RATS

FOURTEEN-DAY STUDIES

Three rats died: a male that received 80 mg and
two females that received 60 mg (Table 6). One
of the females that died had cranial blood clots.
In both the male and female rat studies, body
weights for vehicle control and dosed animals
were comparable at the end of the 14-day dosing
period. Doses for the 13-week studies were set
on the basis of mortality observed in the single-

administration and 14-day studies. For the 13-
week studies, doses were based on milligrams
per kilogram (Table 7) rather than on milli-
grams per animal; the doses shown in Tables 5
and 6 are shown both as milligrams per animal
(actual doses) and as milligrams per kilogram
for comparative purposes.

TABLE 6. SURVIVAL AND MEAN BODY WEIGHTS OF RATS IN THE FOURTEEN-DAY DERMAL
STUDIES OF 2-CHLOROETHANOL

Relative
Relative Weight
Dose Survival Mean Body Weights (grams) Weight Change
mg mg/kg (a) (b) Initial (¢) Final Change (percent) (percent)
MALE
@o 0 5/5 1726+ 68 2152+ 84 +426% 4.0 - -
20 114 5/5 1762+ 58 2164 59 +412% 43 100.5 96.7
30 172 5/5 1738 7.8 2162% 9.7 +424 % 122 100.5 99.5
40 226 5/5 1772 %+ 110 2132+ 98 +360% 6.6 99.1 84.5
60 339 5/5 1772 £ 10.4 2174 £ 103 +402% 7.7 100.9 944
80 442 (e) 4/5 1810+ 6.0 2213+ 115 +403%* 55 102.8 94.6
FEMALE
®o 0 5/5 1278+ 25 1458+t 48 +180% 7.0 - -
20 147 5/5 1366+ 66 1496+ 54 +140% 44 102.7 77.8
30 222 5/5 1350+ 55 1452+ 29 +102% 3.0 99.3 56.7
40 313 5/5 1276+ 46 1442t 38 +166t 45 98.6 92.2
60 451 ) 3/5 1334 % 45 1440 46 +106t 4.2 98.6 58.9
80 611 5/5 13121 40 1446 40 +134t 15 99.3 74.4

(a) Day 1 dose based on initial mean body weight
(b) Number surviving/number per group

(¢) Initial body weight based on all animals in group. Subsequent calculations are based on those animals surviving to the

end of the study.

(d) Vehicle control
(e) Day of death: 1
(f) Day of death: 1,3
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III. RESULTS: RATS

THIRTEEN-WEEK STUDIES

All rats of each sex that received 1,000 mg/kg
died (Table 7). One male and three female rats
that received 250 mg/kg and 8/10 males and 8/10
females that received 500 mg/kg also died. Most
of the compound-related deaths occurred during
the first week of dosing. There were no dose-
related trends in body weight changes during
the studies.

The incidences of pancreatic acinar cell vacuolar

change and pulmonary congestion were dose
related (Table 8). Pulmonary congestion and
edema occurred exclusively in animals that died
or that were killed when moribund.

Dose Selection Rationale: Based on mortality as
well as on the incidences of pancreatic changes
in the 250-1,000 mg/kg groups, the doses
selected for the rats for the 2-year studies were
50 and 100 mg/kg.

TABLE 7. SURVIVAL AND MEAN BODY WEIGHTS OF RATS IN THE THIRTEEN-WEEK DERMAL
STUDIES OF 2-CHLOROETHANOL

Mean Body Weights (grams) Final Weight Relative
Dose Survival (a) Initial Final Change to Vehicle Controls
(mg/kg) (percent)
MALE
(O 10/10 139 287 148 --
62 10/10 138 291 153 101.4
125 10/10 139 282 143 98.3
250 (c)9/10 138 300 162 104.5
500 (@y2/10 139 265 126 92.3
1,000 (e) 0/10 136 -- -- -
FEMALE
(b)0 10/10 105 172 67 -
62 10/10 106 172 66 100
125 10/10 106 169 63 98.3
250 67710 106 173 67 100.6
500 H2/10 105 171 66 99.4
1,000 (H0/10 105 - - --
(a) Number surviving/number in group
(b) Vehicle control
(c) Week of death: 1
(d) Week of death: 1,1,1,1,1,4,5,10
(e) Week ofdeath: 1,1,1,1,1,1,1,3,3,4
(f) Week of death for all: 1
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TABLE 8. INCIDENCES OF PANCREATIC ACINAR CELL VACUOLAR CHANGE AND
PULMONARY CONGESTION IN RATS IN THE THIRTEEN-WEEK DERMAL STUDIES
OF 2.CHLOROETHANOL

Dose Acinar Cell Pulmonary
(mg/kg) Change Congestlon
MALE
0 0/10 0/10
82 0/10 0/10
125 0/10 0/10
250 110 1/10
500 8/10 710
1,000 8/10 710
FEMALE
0 0/10 0/10
62 0/10 0/10
126 1/10 0/10
250 2/10 1/10
500 mo 710
1,000 9/10 710

TWO-YEAR STUDIES
Body Weights and Clinical Signs

Throughout the studies, mean body weights of
dosed and vehicle control rats of each sex were
comparable (Table 9 and Figure 1). An unex-
plained deviation from the anticipated growth
pattern occurred in all groups of male rats from
approximately week 30 to week 45. Examina-
tion of original weight data, balance calibration
records, clinical observation records, and murine
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virus antibody patterns provided no adequate
explanation of this weight gain pattern. No
compound-related clinical signs were observed.

Serologic analysis of blood samples from the sen-
tinel animals showed evidence of Sendai virus
infection (Appendix K). Animal room environ-
ment records (temperature and relative humidi-
ty) during the 2-year studies are summarized in
Appendix M.
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TABLE 9. MEAN BODY WEIGHTS AND SURVIVAL OF RATS IN THE TWO-YEAR DERMAL STUDIES
OF 2-CHLOROETHANOL

Weeks Vehicle Control 50 m 100 m
onStudy Av.Wt. _ No.of  Av.Wi, Wt.(percent 0,0 v.Wt. Wt.(percent 0.0
(grams) Survivors (grams)of veh controls) Survivors (grams) of veh controls) Survivors
MALE
0 170 50 171 101 50 169 99 50
1 200 50 199 100 50 196 98 50
2 209 50 212 101 50 207 99 50
3 243 50 236 97 50 217 89 50
4 241 50 236 98 50 224 93 50
4] 260 50 251 97 50 241 93 50
6 268 50 262 98 50 251 94 50
7 287 50 285 99 50 277 97 50
8 298 50 294 99 50 290 97 50
9 308 50 324 105 50 302 98 50
10 316 50 313 99 50 310 98 50
11 326 50 323 99 50 319 98 50
12 333 50 329 99 50 330 99 50
13 338 50 335 99 50 335 99 50
16 353 50 348 99 50 347 98 50
20 367 50 366 100 50 363 99 50
24 378 50 374 99 50 372 98 50
28 377 50 379 101 50 378 100 50
32 380 50 383 101 50 379 100 50
36 373 50 382 102 50 377 101 50
40 360 50 365 101 50 364 101 49
44 400 50 402 101 50 410 103 49
48 421 50 423 100 50 435 103 49
52 432 50 440 102 50 441 102 49
56 451 50 454 101 50 457 101 49
60 64 50 465 100 50 46 100 49
64 469 50 471 100 49 471 100 49
68 473 50 475 100 49 475 100 49
72 473 50 482 102 48 477 101 49
76 477 50 486 102 48 482 101 49
80 474 46 485 102 48 479 101 48
84 467 45 483 103 45 473 101 48
88 448 44 482 108 43 478 107 47
92 476 41 478 100 42 481 101 44
474 39 472 100 40 470 99 42
100 469 38 466 99 38 463 99 38
104 466 33 459 98 37 457 98 36
FEMALE
0 118 50 121 03 50 22 103 50
1 133 50 136 02 50 39 105 50
2 143 50 146 02 50 50 105 50
3 153 50 144 94 50 54 101 50
4 159 50 165 104 50 66 104 50
5 170 50 171 101 50 75 103 50
6 175 50 179 102 50 181 103 50
7 174 50 183 105 50 85 06 50
8 184 50 190 03 50 94 05 50
9 186 50 190 02 50 91 03 50
10 188 50 192 02 §0 94 50
11 195 50 198 02 50 99 02 50
12 199 50 201 101 50 01 01 50
13 200 50 203 102 50 04 02 50
16 210 50 213 01 50 214 02 50
20 216 50 217 00 50 219 01 50
24 226 50 227 00 50 30 02 50
28 236 50 233 99 50 239 02 50
32 239 50 240 00 50 42 01 50
36 243 50 244 00 50 46 01 50
40 247 50 246 00 50 46 00 50
44 256 50 256 00 50 57 01 50
48 260 50 259 00 50 265 02 50
52 260 50 263 01 50 259 00 50
56 267 50 271 101 50 273 102 50
60 276 50 278 101 50 282 10 50
64 283 50 280 9 50 288 02 50
68 291 50 290 100 50 97 02 50
72 304 50 299 9 48 07 01 49
76 309 50 310 100 46 310 00 47
80 314 50 316 101 45 19 02 45
84 320 49 318 9 45 323 01 45
88 324 49 325 100 45 326 01 45
92 324 48 326 100 45 325 00

96 325 44 326 100 44 325 00 43
100 330 43 327 99 41 326 99 42
104 329 42 329 100 39 327 99 38
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III. RESULTS: RATS

Survival

Estimates of the probabilities of the survival of
male and female rats administered 2-chloro-
ethanol at the doses of these studies and those of
the vehicle controls are shown by the Kaplan
and Meier curves in Figure 2. No significant dif-
ferences in survival were observed between any
groups of either sex (Table 10).

Pathology and Statistical Analyses of
Results

This section describes significant or noteworthy
changes in the incidences of rats with neoplastic

or nonneoplastic lesions of skin, pituitary gland,
and eye. Histopathologic findings on neoplasms
in rats are summarized in Appendix A (Tables
Al and A2); Appendix A (Tables A3 and A4) also
gives the survival and tumor status for individ-
ual male and female rats. Findings on nonneo-
plastic lesions are summarized in Appendix C
(Tables C1 and C2). Appendix E (Tables E1 and
E2) contains the statistical analyses of those pri-
mary tumors that oceurred with an incidence of
at least 5% in one of the three groups. The sta-
tistical analyses used are discussed in Chapter I1
(Statistical Methods) and Appendix E (foot-
notes).

TABLE 10. SURVIVAL OF RATS IN THE TWO-YEAR DERMAL STUDIES OF 2-CHLOROETHANOL

Vehicle Control 50 mg'kg 100 mg/kg
MALE (a)
Animals initially in study 50 50 50
Nonaccidental deaths before termination (b) 16 13 13
Killed at termination 33 37 36
Died during termination period 1 0 1
Survival P values (¢) 0.555 0.694 0.626
FEMALE (a)
Animals initially in study 50 50 50
Nonaccidental deaths before termination (b) 8 11 11
Killed at termination 42 39 38
Died during termination period 0 0 1
Survival P values (c) 0.494 0.583 0.548

(a) Terminal kill period: weeks 104-105
(b) Includes animals killed in a moribund condition

(c) The result of the life table trend test is in the vehicle control column, and the results of the life table pairwise comparisons

with the vehicle controls are in the dosed columns.
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II1. RESULTS: RATS

Skin: The incidence of male rats with papillo-
mas (squamous cell or unspecified) of the skin
was significant by the trend tests, but the inei-
dences in the dosed groups were not significantly
greater than that in the vehicle controls, and the
combined incidence of male rats with either
papillomas or carcinomas was not statistically
significant (Table 11). None of these papillomas

appeared at the site of dermal application.
Papillomas were not diagnosed in female rats.
These papillomas were not life threatening; all
the affected animals survived at least until week
102 of the studies. The earliest time to tumor in
the high dose male rat group was for a nasal skin
lesion noted at month 15. This lesion later was
diagnosed as a papilloma.

TABLE 11. ANALYSIS OF SKIN TUMORS IN MALE RATS IN THE TWO-YEAR DERMAL STUDY OF

2.CHLOROETHANOL (a)
Vehicle Control 50 mg/kg 100 mg/kg

Papilloma

Overall Rates 1/50 (2%) 0/50 (0%) 6/50 (12%)

Adjusted Rates 2.9% 0.0% 15.8%

Terminal Rates 1/34 (3%) 0/37 (0%) §/37 (14%)

Life Table Tests P=0.020 P=0.483N P=0.073

Incidental Tumor Tests P=0,022 P=0.483N P=0.077
Carcinoma

Overall Rates 2/50 (4%) 1/50 (2%) 0/50 (0%)
Papilloma or Carcinoma

Overall Rates 3/50 (6%) 1/50 (2%) 6/50 (12%)

Adjusted Rates 8.3% 2.7% 15.8%

Terminal Rates 2/34 (6%) 1/37 (3%) 5/37 (14%)

Life Table Tests P=0.184 P=0287N P=0,283

Incidental Tumor Tests P=0.196 P=0.303N P=0.297

(a) The statistical analyses used are discussed in Chapter II (Statistical Methods) and Appendix E (footnotes).
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III. RESULTS: RATS

Pituitary Gland: Adenomas and adenomas or
carcinomas (combined) of the pituitary gland
occurred in female rats with significant positive
trends by life table analysis (Table 12). The in-
cidence of adenomas in the high dose group was
significantly greater than that in the vehicle
controls (life table analysis); the incidence of
adenomas or carcinomas (combined) in the dosed
groups was not significantly greater than that in
the vehicle controls. The majority of these ade-
nomas and carcinomas were found at terminal
kill. All but one of the vehicle control animals in
which these tumors were found lived to terminal
kill, the earliest time to tumor in the dosed
animals was reduced (low dose, 69 weeks; high
dose, 71 weeks).

NTP has no adequate historical control animal

tumor data base for F344/N rats receiving a test
compound by dermal application. For all labora-
tories in the NTP, as of March 1983, the follow-
ing historical data are available for pituitary
gland adenomas in female F344/N rats:

Corn oil gavage controls:

382/1,042 (37%); range: 17%-56%
Untreated controls:

995/2,262 (44%); range: 18%-70%

At Litton Bionetics, Inc., the historical incidence
of this tumor was the following:

Corn oil gavage controls:

66/149 (44%); range: 36%-50%
Untreated controls:

111/245 (45%); range: 42%-52%

TABLE 12. ANALYSIS OF PITUITARY GLAND LESIONS IN FEMALE RATS IN THE TWO-YEAR
DERMAL STUDY OF 2-CHLOROETHANOL

Vehicle Control 50 mg/kg 100 mg/kg

Focal Hyperplasia

Overall Rates 7/50 (14%) 5/49 (10%) 7/50 (14%)
Adenoma

Overall Rates 19/50 (38%) 24/49 (49%) 29/50 (58%)

Adjusted Rates 44.2% 52.9% 61.4%

Terminal Rates 18/42 (43%) 18/39 (46%) 21/39 (54%)

Life Table Tests P=0.022 P=0.148 P=0.025

Incidental Tumor Tests P=0.084 P=0.416 P=0.103
Carcinoma

Overall Rates 4/50 (8%) 1/49 (2%) 1/50 (2%)

Adjusted Rates 9.5% 2.3% 2.6%

Terminal Rates 442 (10%) 0/39 (0%) 1/39 (3%)

Life Table Testa P=0.117N P=0.200N P=0.202N

Incidental Tumor Tests P=0.104N P=0.158N P=0.202N
Adenoma or Carcinoma (a)

Overall Rates 22/50 (44%) 25/49 (51%) 30/50 (60%)

Adjusted Rates 51.2% 54.0% 63.6%

Terminal Rates 21/42 (50%) 18/39 (46%) 22/39 (56%)

Life Table Tests P=0.049 P=0.252 P=0.0562

Incidental Tumor Tests P=0.167 P=0.565N P=0.188

(a) In the male rats, the corresponding overall rates for vehicle control and dosed animals were: 15/50 (30%), 13/48 (26%),

16/49 (33%).
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III. RESULTS: RATS

Eye: The incidences of cataracts and atrophy in
vehicle control male and female rats were
notably greater than those in the dosed groups
(Table 13). Both the male and female vehicle

TABLE 13. ANALYSIS OF OCULAR LESIONS IN RATS IN THE TWO-YEAR DERMAL STUDIES

controls were on the top two rows of the rack for
the entire test period. Light intensity in the

study room was not measured.

OF 2-CHLOROETHANOL

Vehicle Control 50 mg/kg 100 mg/kg
MALE
Cataracts 15/50(39%) 2/50 (4%) 2/50 (4%)
Atrophy 21/50(42%) 3/50 (6%) 5/50 (10%)
FEMALE
Cataracts 13/50(26%) 2/60 (4%) 3/50 (6%)
Atrophy 17/50(34%) 3/60 (6%) 3/50 (6%)
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III. RESULTS: MICE

SINGLE-ADMINISTRATION STUDIES

All mice that received 68.1 mg died. Other (Finney, 1964). There was a dose-related reduc-
deaths are tabulated in Table 14. The LDgq (14- tion in body weight gains for both male and fe-
day) value was estimated to be 33.1 mg for males  male mice.

and 41.3 mg for females by probit analysis

TABLE 14. SURVIVAL AND MEAN BODY WEIGHTS OF MICE IN THE SINGLE-ADMINISTRATION
DERMAL STUDIES OF 2.CHLOROETHANOL

Dosgse Survival Mean Body Weights (grams)
mg mg/kg (a) (b) Initial Day 14 Change
MALE
10.0 410 5/5 24.4 29.0 +4.6
14.7 544 §/5 27.0 28.0 +2.0
21.5 808 5/5 26.6 28.4 +1.8
31.6 1,239 (c)2/6 25.5 27.5 +2.0
464 1,785 @1/ 26.0 27.0 +1.0
68.1 - (e)0/5 - - -
FEMALE
10.0 439 5/5 22.8 26.0 +2.2
14.7 634 5/5 23.2 25.6 +2.4
21.5 995 5/5 216 23.4 +1.8
316 1,417 H 35 22.3 24.0 +1.7
46.4 2,178 ®) 38/5 21.3 22.7 +1.4
68.1 - (e)0/5 - - -

(a) Day 1 dose based on initial group average body weight
(b) Number surviving/number initially in the group

(¢c) Day of death: 1,1,2

(d) Day of death: 1,1,1,2

(e) Day of death of all; 1

() Day of death: 1,4

(g) Day of death: 1,3
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III. RESULTS: MICE

FOURTEEN-DAY STUDIES

All the mice that received 60 mg died (Table 15). of dosed and vehicle control mice were com-
Three of five males and 3/5 females that received parable; however, the male mice that received
45 mg also died. All deaths occurred during the 45 mg lost weight. No compound-related effects
first 2days of dosing. Final mean body weights were observed at necropsy.

TABLE 15, SURVIVAL AND MEAN BODY WEIGHTS OF MICE IN THE FOURTEEN-DAY DERMAL
STUDIES OF 2-CHLOROETHANOL

Dose Survival Mean Body Weights (grams) Final Weight Relative
mg mg/kg (a) (b) Initial (c) Final Change to Vehicle Controls
(percent)
MALE
@o 0 5/5 275119 29525 +2.0+07 -
25 92 5/5 271 £20 28.1 £22 +1.0106 95.3
5.0 174 5/5 286+ 2.0 31121 +25%1.0 105.4
10 377 5/5 265 1.2 29017 +25 0.7 98.3
20 741 5/5 270%15 203 +1.1 +23 %04 99.3
30 1,095 5/5 274119 300t16 +2611.2 101.7
(e) 45 1,411 256 319139 306+14 -13%12 -
(e) 60 - (g)0/5 27521 - - -
FEMALE
o 0 5/5 22823 234121 +06 105 -
25 109 5/5 229+ 14 23220 +03 1.1 99.1
5.0 225 5/5 222+14 232+13 +1.0+04 99.1
10 435 5/5 230+ 27 236+29 +06 105 100.9
20 847 5/5 236108 236+1.2 00+12 100.9
30 1,376 5/5 21817 23919 +2.1 0.6 102.1
(e)45 1,875 (h) 2/6 23.7+33 243102 +06 125 103.8
(e) 60 - (g) 0/6 222+18 - - -

(a) Day 1 dose based on initial average body weight

(b) Number surviving/number per group

(c) Baged on all animals initially in the group. Subsequent calculations are based on those animals surviving to the end of
the study.

(d) Vehicle control

(e) Groups tested without matched controls after studies with lower dose groups were completed.

(f) Day of death: 1,2,2

(g) Day of death for all: 1

(h) Day of death: 2,2,2
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III. RESULTS: MICE

THIRTEEN-WEEK STUDIES

All the male mice that received 30 or 45 mg and
1/10 male mice that received 20 mg died (Table
16). Nine of 10 female mice that received 30 or
45 mg and 3/10 that received 20 mg died. All
these mice died within 3 days of the start of the
studies. Mean body weights of dosed mice were
-greater than those of the vehicle controls.

Acute nephrosis was diagnosed in 1/1 male and
1/3 female mice examined in the 30-mg groups
and in 1/9 males in the 20-mg group. Pancreatic
acinar cell necrosis was diagnosed in 2/3 female
mice that received 30 mg. Hepatocellular fatty
change was diagnosed in 1/1 male and in 2/3
female mice that received 30 mg.

Dose Selection Rationale: Based on mortality in
the 30- and 45-mg groups and on the incidences
of kidney, pancreatic, and liver lesions found in

the 20- and 30-mg groups, doses selected for mice
for the 2-year studies were 7.5 and 15 mg per
application per mouse.

" TWO-YEAR STUDIES

Body Weights and Clinical Signs

Mean body weights of dosed male and female
mice were somewhat lower than those of the
vehicle controls throughout most of the study
(Tables 17 and 18 and Figure 3). No compound-
related clinical signs were observed.

Serologic analysis of blood samples from the
sentinel animals showed evidence of Sendai
virus, minute virus of mice (MVM), and mouse
hepatitis virus (MHV) (Appendix K). Animal
room environment records (temperature and
relative humidity) during the 2-year studies are
summarized in Appendix M.

TABLE 16. SURVIVAL AND MEAN BODY WEIGHTS OF MICE IN THE THIRTEEN.-WEEK DERMAL
STUDIES OF 2-CHLOROETHANOL

Mean Body Weights (grams) Final Weight Relative
Dose Survival Initial Final Change to Vehicle Controls
mg mg/kg (a) (b) (percent)
MALE
©0 - 10/10 26 35 + 9 -
5 192 10/10 26 37 +11 105.7
10 385 10/10 26 38 +12 108.6
20 769 (d)9/10 26 34 + 8 97.1
30 1,154 (d)0/10 - - - -
456 1,731 (d)0/10
FEMALE
©0 - 10/10 22 28 + 6 -
5 227 10/10 22 28 + 6 0
10 455 10/10 22 29 + 7 103.6
20 909 d)7/10 22 30 + 8 107.1
30 1304 @110 23 31 + 8 110.7
45 1,957 @ 1/10 23 40 +17 1429
(a) Based on initial mean body weight
(b) Number surviving/number in group
(c) Vehicle control
(d) Week of death: 1
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TABLE 17. MEAN BODY WEIGHTS AND SURVIVAL OF MALE MICE IN THE TWO-YEAR DERMAL
STUDY OF 2-CHLOROETHANOL

Weeks on Control 7.5 mg 15 m
Study Av.Wt,  No.of “Av.Wt, Wt.(percent  No,of Av.Wt. Wt.(percent No.ofl
(grams) Survivors (grams) of controls)(a) Survivors (grams) of controls)(a) Survivors
UNTREATED
0 28.8 50 29.7 108 50 29.2 101 50
1 30.7 50 308 100 50 30,0 98 43
2 32.6 50 315 97 50 29.4 %0 43
3 34.1 50 32.9 98 50 331 97 43
4 34.7 50 33.6 97 50 33,6 97 43
5 35.4 50 34.3 97 50 34.5 97 43
8 36.2 50 35.0 97 50 353 98 43
7 36.5 50 35.4 97 50 35.8 98 43
8 36.7 50 35.8 98 50 36,0 98 43
9 87.1 50 36.5 98 50 37.5 101 43
10 38.5 50 374 97 50 377 9 43
11 $9.0 50 38.1 98 50 38,2 98 43
12 38,7 49 37.8 98 50 38.1 98 43
13 39.4 49 39.0 99 50 39.2 99 43
16 403 49 39.4 98 50 39.6 98 43
20 4.6 49 414 100 49 40.8 9 43
24 433 49 423 98 49 423 98 43
28 43.2 49 417 97 49 415 96 43
32 439 49 420 98 49 428 97 42
36 4.8 49 42.7 95 49 430 96 42
40 4.9 49 43.6 97 47 438 98 42
44 45.1 49 43.7 97 47 427 95 40
48 42,9 49 432 101 46 417 97 40
52 453 48 45.0 99 46 45.4 100 38
56 4.7 47 4.0 98 45 45.2 101 38
80 43.0 45 437 102 45 453 105 38
&4 445 44 44,1 99 45 45.0 101 38
68 45.6 40 45.0 99 43 45.7 100 37
72 45.3 39 45.8 101 41 46.0 102 36
78 46.8 38 45.9 98 35 453 97 32
80 47.3 35 45.6 96 33 46.1 97 30
84 46.8 31 45.4 97 32 435 93 28
88 46.8 30 45.3 97 30 45.4 97 27
92 45.9 28 4.7 97 25 443 97 25
26 45.0 27 435 97 28 432 98 21
100 43 25 433 98 20 418 9 20
104 44.0 24 433 98 18 420 95 12
VEHICLE
0 29.2 50 29.7 102 50 29.2 100 50
1 30.8 50 30.6 101 50 30.0 99 43
2 313 50 3L5 101 50 29.4 94 43
3 31.5 50 329 104 50 331 105 43
4 33.5 50 33,6 100 50 336 100 43
5 34.5 50 343 99 50 345 100 43
6 35.5 50 35.0 99 50 353 99 43
7 35.8 50 35.4 99 50 358 100 43
8 36.4 50 35.8 98 50 36,0 9 43
9 26.9 50 36.5 99 50 375 102 43
10 37.9 50 37.4 99 50 37.7 99 43
11 38.4 50 38.1 99 50 382 99 43
12 38,5 50 37.8 98 50 381 99 43
13 39.5 50 39.0 99 50 39.2 99 43
18 40.5 50 39.4 97 50 396 98 43
20 42.1 50 414 98 49 40.8 97 43
2% 437 50 42.3 97 49 4238 97 43
28 48.2 50 417 97 49 415 96 43
32 43 50 42,0 95 49 428 96 42
36 4.6 50 . 427 98 49 43,0 96 42
40 45.3 50 436 96 47 438 97 42
“ 46.8 49 43.7 93 47 427 91 40
48 “.2 48 432 98 48 417 94 40
52 46.7 48 45.0 9 46 454 97 38
56 458 48 4.0 96 45 452 99 38
60 455 47 43.7 96 45 453 100 38
84 45.9 47 4.1 96 45 450 98 38
68 48.7 48 45.0 98 43 457 98 37
72 47.0 48 45.8 97 41 48,0 98 36
(0 4715 44 45.9 97 35 453 95 32
80 474 41 45.8 98 33 46,1 97 30
84 475 38 45.4 96 32 435 92 28
88 46.5 37 45.3 97 30 454 98 27
92 45.9 33 4“7 97 25 4.3 97 25
96 4.3 32 43.5 98 23 43.2 98 21
100 438 31 433 99 20 415 95 20
104 438 28 433 99 16 42,0 98 12

(a) Mean body weights of dosed groups are compared with untreated control or vehicle control mice.
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TABLE 18. MEAN BODY WEIGHTS AND SURVIVAL OF FEMALE MICE IN THE TWO-YEAR DERMAL
STUDY OF 2-CHLOROETHANOL

Weeks on Control 7.5m 15 m
Study Av. Wt No. of Av.Wt. Wt.(percent _ No.of Av.Wt. Wt.(percent _ No,of

(grams) Survivors (grams) of controls)(a) Survivors (grams) of controls)(a) Survivors
UNTREATED
0 24.0 50 24.3 101 50 23.8 99 50
1 2.4 50 23.8 98 50 28.7 97 49
2 257 50 24.9 97 50 24.8 98 49
3 26.8 50 25.7 9 50 25.5 95 49
4 27.0 50 26.1 97 50 25.8 95 49
5 27.8 50 30.0 108 50 26.7 96 )
8 28.2 50 27.5 98 50 28.0 99 49
7 29.8 50 278 93 50 28.1 95 48
8 20.5 50 28.0 95 50 29.2 99 48
9 0.1 50 28.9 96 50 28.8 94 4
10 30.8 50 29.8 97 50 29.5 % 48
1 314 50 295 94 50 29.7 95 48
12 31.0 50 29.9 96 50 29.7 96 4
13 31.8 50 30.3 95 50 31.0 97 4
18 32.7 50 318 97 50 317 97 48
20 35.0 50 33.9 97 49 32.7 98 48
24 36.3 50 337 93 49 34.0 94 48
28 35.7 50 33.3 93 49 33.0 92 47
32 37.7 50 348 9 48 34.3 91 47
38 38.1 50 34.8 91 48 35.2 92 47
40 39.0 49 355 91 48 36.4 98 47
4 39.6 48 36.4 92 47 36.8 92 47
48 39.0 4 371 95 48 373 98 48
52 410 47 378 92 45 385 %4 48
56 411 45 38.0 92 45 383 93 45
80 410 45 38.1 93 45 38.4 94 45
8 415 45 38.3 92 43 388 93 45
8 419 45 38.4 92 42 38.8 98 42
72 42.5 45 39.2 22 42 39.7 93 40
) 4.0 44 39.7 90 41 405 92 37
80 439 43 40.0 91 38 40.0 9 34
84 438 38 404 92 38 39.8 91 33
88 4.3 33 38.9 88 32 39.9 90 31
92 4358 32 38.0 87 31 39.0 89 30
98 434 30 37.2 86 28 38.3 88 26
100 42.0 30 358 84 21 365 87 22
104 413 25 36.4 88 20 36.1 87 20
VEHICLE

0 2.1 50 24.3 101 50 23.8 99 50
1 23.9 50 23.8 100 50 28.7 99 49
2 25.0 50 24.9 100 50 24.8 99 49
3 25.8 50 257 100 50 25.5 99 49
4 25.8 50 26.1 102 50 28,8 99 49
5 27.0 50 30.0 111 50 28.7 99 49
8 27.7 50 275 99 50 28,0 101 49
7 2738 50 27.8 99 50 28.1 101 48
8 28.4 50 28.0 99 50 29.2 108 48
9 28.5 50 28.9 101 50 28.3 99 48
10 29.6 50 29.6 100 50 29.5 100 48
1 20.9 50 295 99 50 297 99 48
12 302 50 29.9 99 50 29.7 98 48
13 311 50 30.3 97 50 31.0 100 48
18 318 50 316 99 50 317 100 48
20 334 50 339 101 49 32.7 98 48
2% 354 49 33.7 95 49 34.0 98 48
28 344 48 333 97 49 33.0 98 4
32 35.7 47 343 98 48 34.3 98 47
36 38.4 47 348 20 48 35.2 92 47
40 38.2 47 355 93 48 36.4 95 47
44 3838 47 364 94 47 36.8 94 47
48 384 48 371 97 4 37.3 97 46
52 39.8 43 378 95 45 385 97 46
58 394 43 38.0 96 45 $8.3 97 45
60 401 43 381 95 45 38.4 98 45
84 405 43 383 95 43 28.8 96 45
8 416 40 38.4 92 42 38.8 93 42
72 418 39 39.2 9% 42 9.7 98 40
78 429 39 39.7 93 41 405 94 a7
80 425 37 40.0 94 38 40.0 94 34
84 428 35 404 94 36 39.8 98 33
88 421 35 389 92 32 39.9 95 31
92 412 33 38.0 92 31 39.0 95 30
96 40.0 31 372 93 28 38.3 96 26
100 398 29 3853 90 21 365 93 22
104 37.9 28 36.4 96 20 36.1 95 20

(a) Mean body weights of dosed groups are compared with untreated control or vehicle control mice.
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III. RESULTS: MICE

Survival

Estimates of the probabilities of survival of male
and female mice administered 2-chloroethanol
by dermal application at the doses of these stud-
ies are shown by the Kaplan and Meier curves in
Figures 4 and 5. The survival of the low dose
group of male mice was marginally lower than
that of the vehicle controls (P=0.062). The sur-
vival of the high dose group of male mice was
significantly lower than that of the vehicle con-
trols (P=0.002; P=0.023 if seven high dose male
mice that died in week 1 are censored) (Table
19). Figure 5 shows the estimates of the proba-
bilities of survival of male mice (Kaplan and
Meier curves) if these early-death animals are
censored. All seven of these high dose male mice
had inflammation at the site of dermal applica-
tion; five also had ulceration at the site of der-
mal application, and five had lung congestion,
inflammation, or hemorrhage. As this was a
toxic response and the early-death animals were
not at risk, only the 43 survivors following week 1

have been used for the statistical analysis of
lesions in the high dose male mice.

Pathology and Statistical Analyses of
Results

This section describes significant or noteworthy
changes in the incidences of mice with neoplastic
or nonneoplastic lesions in lung, hematopoietic
system, integumentary system, and adrenal cor-
tex. Histopathologic findings on neoplasms in
mice are summarized in Appendix B (Tables Bl
and B2); Appendix B (Tables B3 and B4) also
gives the survival and tumor status for indivi-
dual male and female mice. Findings on nonneo-
plastic lesions are summarized in Appendix D
(Tables D1 and D2). Appendix E (Tables E3 and
E4) contains the statistical analyses of those pri-
mary tumors that occurred with an incidence of
at least 5% in the vehicle controls or in either
dosed group. The statistical analyses used are
discussed in Chapter II (Statistical Methods) and
Appendix E (footnotes).

TABLE 19. SURVIVAL OF MICE IN THE TWO-YEAR DERMAL STUDIES OF 2-CHLOROETHANOL

Control

Untreated Vehicle 7.5 mg 13 mg
MALE (a)
Animals initially in study 50 50 50 50
Nonaccidental deaths before termination (b) 25 24 32 38
Accidentally killed 1 0 2 0
Killed at termination 24 26 16 12
Survival P values (¢) - 0.022 0.062 0.023
FEMALE (a)
Animals initially in study 50 50 50 50
Nonaccidental deaths before termination (b) 26 24 30 30
Killed at termination 24 26 20 20
Survival P values (¢) - 0.302 0.397 0.356

(a) Terminal kill period: week 105
(b) Includes animals killed in a moribund condition

(c) The result of the life table trend test is in the vehicle control column, and the results of the life table pairwise
comparisons with the vehicle controls are in the dosed columns. The P values given for male mice were obtained with the

seven high dose deaths in week 1 censored.
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ITII. RESULTS: MICE

Lung: The incidence of low dose male mice with
either alveolar/bronchiolar adenomas or carcino-
mas (combined) was significantly greater than
that of the vehicle controls by the life table test;
the incidence of these lesions was not dose rela-
ted (Table 20). Dosing of female mice with
2-chloroethanol did not significantly alter the

incidence of animals with alveolar/bronchiolar
adenomas or carcinomas (combined). Ten of the
18 low dose males with these neoplasms were
animals that died before the end of the study.
The remainder of the neoplasms were found at
terminal kill.

TABLE 20. ANALYSIS OF LUNG LESIONS IN MICE IN THE TWO-YEAR DERMAL STUDIES OF
2-CHLOROETHANOL (a)

Untreated Vehicle
Control Control 7.5 mg 15 mg
MALE
Alveolar Epithelial Hyperplasia
Overall Rates 2/50 (4%) 4/50 (8%) 1/50 (2%) 2/43 (5%)
Alveolar/Bronchiolar Adenoma
Overall Rates 6/50 (12%) 8/50 (16%) 10/50 (20%) 9/43 (21%)
Adjusted Rates 25.0% 26.0% 43.0% 46.0%
Terminal Rates 6/24 (25%) 4/26 (15%) 4/16 (25%) 4/12 (33%)
Life Table Tests P=0.062 P=0.105 P=0.078
Incidental Tumor Tests P=0.282 P=0.294 P=0.279
Alveolar/Bronchiolar Carcinoma
Overall Rates 4/50 (8%) 6/50 (12%) 9/50 (18%) 3/43 (1%)
Adjusted Rates 13.7% 18.1% 38.1% 16.6%
Terminal Rates 2/24 (8%) 3/26 (12%) 4/16 (25%) 1/12 (8%)
Life Table Tests P=0.501 P=0.095 P=0.587N
Incidental Tumor Tests P=0.383N P=0.249 P=0.355N
Alveolar/Bronchiolar Adenoma or Carcinoma
Overall Rates 10/50 (20%) 14/50 (28%) 18/50 (36%) 11/43 (26%)
Adjusted Rates 37.2% 40.9% 67.1% 55.7%
Terminal Rates 8/24 (33%) 7/26 (27%) 8/16 (50%) 5/12 (42%)
Life Table Tests P=0.132 P=0.029 P=0.196
Incidental Tumor Tests P=0.528 P=0.155 P=0.57T9N
FEMALE
Alveolar/Bronchiolar Adenoma or Carcinoma
Overall Rates 10/50 (20%) 9/50 (18%) 10/49 (20%) 9/50 (18%)

(a) The statistical analyses used are discussed in Chapter II (Statistical Methods) and Appendix E (footnotes).

2-Chloroethanol, NTP TR 275
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ITII. RESULTS: MICE

Hematopoietic System: The incidences of low
dose male mice with either lymphomas or with
lymphomas or leukemia (combined) were sig-
nificantly greater than those of the vehicle con-
trols by life table analysis (Table 21); these
increases were not dose related. The incidences

of dosed female mice with lymphomas or leuke-
mia (combined) were not significantly increased.
With one exception, the lymphomas or leu-
kemias were found in vehicle control and low
dose animals that died or were killed before the
terminal kill,

TABLE 21. ANALYSIS OF HEMATOPOIETIC SYSTEM TUMORS IN MICE IN THE TWO-YEAR
DERMAL STUDIES OF 2-CHLOROETHANOL

Untreated Vehicle
Control Control 7.5 mg 15 mg
MALE
Lymphoma
Overall Rates 3/50 (6%) 4/50 (8%) 10/50 (20%) 2/43 (5%)
Adjusted Rates 6.6% 11.2% 24.7% 5.0%
Terminal Rates 0/24 (0%) 1/26 (4%) 0/16 (0%) 0/12 (0%)
Life Table Tests P=0.525N P=0.044 P=0.538N
Incidental Tumor Tests P=0,104N P=0.233 P=0.153N
Leukemia
Overall Rates 3/50 (6%) 2/50 (4%) 4/50 (8%) 2/43 (5%)
Lymphoma or Leukemia
Overall Rates 6/50 (12%) 6/50 (12%) 14/50 (28%) 4/43 (9%)
Adjusted Rates 14.0% 14.9% 34 9% 9.9%
Terminal Rates 0/24 (0%) 1/28 (4% 056 09 G2 (0%)
Life Table Tests P=0.505 P=0.022 P=0.583N
Incidental Tumor Tests P=0,086N P=0.196 P=0.121IN
FEMALE
Lymphoma or Leukemia
Overall Rates 12/50 (24%) 9/50 (18%) 15/50 (30%) 13/50 (26%)
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III. RESULTS: MICE

Integumentary System: Fibromas, fibrosarco-
mas, or neurofibrosarcomas (combined) in male
mice (vehicle control, 3/50; low dose, 0/50; high
dose, 0/43) occurred with a significant negative
trend (P=0.027, incidental tumor test); but the
incidences in the dosed groups were not sig-
nificantly different from that in the vehicle con-
trols in pairwise comparisons. For the purpose
of these analyses, “skin” is considered to be a
combination of samples taken at the site at
which 2-chloroethanol was administered and
from other locations on the same animal.

In male mice, dose-related increases were ob-
served in the incidences of inflammation at the
site of dermal application (vehicle control, 7/50;
low dose, 12/50; high dose, 18/50). The incidence
of ulceration also increased in dosed male mice

(vehicle control, 1/50; low dose, 3/50; high dose,
8/50); all these ulcers occurred in male mice with
inflammation at the site of dermal application.
All seven males that died in the 1st week of the
study had inflammation at the site of applica-
tion, and five also had ulceration.

Adrenal Cortex: Adrenal cortical adenomas in
male mice occurred with a significant positive
trend; the incidence in the high dose group was
significantly greater than that in the vehicle
controls (Table 22) but was similar to that ob-
served in the untreated controls. An adrenal
cortical adenoma was observed in 1/49 untreated
female mice; none was seen in any other group of
female mice. All adrenal cortical neoplasms
were found at terminal kill.

TABLE 22, ANALYSIS OF ADRENAL CORTICAL LESIONS IN MALE MICE IN THE TWO-YEAR
DERMAL STUDY OF 2.CHLOROETHANOL

Untreated Vehicle
Control Control 7.5mg 15mg
Hyperplasia
Overall Rates 4/48 (8%) 2/48 (4%) 3/49 (6%) 2/43 (4%)
Adenoma
Overall Rates 4/48 (8%) 0/48 (0%) 2/49 (4%) 3/43 (T%)
Adjusted Rates 8.3% 0.0% 12.5% 25.0%
Terminal Rates 4/24 (17%) 0/26 (0%) 2/16 (13%) 3/12(25%)
Life Table Tests P=0.013 P=0.138 P=0.024
Incidental Tumor Tests P=0.013 P=0.138 P=0.024
2-Chloroethanol, NTP TR 275 56
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IV. DISCUSSION AND CONCLUSIONS

The toxicologic and carcinogenic potential of 2-
chloroethanol was studied in F344/N rats and
Swiss CD-1 mice by dermal application of the
test chemical under the following conditions: (1)
single-administration studies (14 days’ observa-
tion): rats, 38-3,713 mg/kg; mice, 410-2,178
mg/kg; (2) 14-day studies: rats, 0-611 mg/kg;
mice, 0-1,876 mg/kg; (3) 13-week studies (five
doses per week): rats, 0, 62-1,000 mg/kg; mice, 0,
5-45 mg per animal (192-1,957 mg/kg at week 1);
(4) 2-year studies (five doses per week): rats, 0,
50, or 100 mg/kg; mice, 0, 7.5, or 15 mg per ani-
mal (253-630 mg/kg at week 1, 188-411 mg/kg at
week 100).

In all studies, dose-related mortality usually oc-
curred within the 1st week. In the 2-year stud-
ies, survival of dosed and vehicle control rats
and of dosed and vehicle control female mice
were comparable. The survival of high dose
male mice was significantly (P<0.005) lower
than that of the vehicle controls; 7/60 (14%) of
these animals died during the first 3 days on
study. All seven of these male mice had inflam-
mation at the site of dermal application; five also
had ulcers at the site of dermal application, and
five had lung congestion, inflammation, or hem-
orrhage. When the animals that died during
week 1 are censored from the analysis, the sur-
vival of the high dose group of male mice re-
mains significantly (P <0.05) lower than that of
the vehicle controls (Figures 4 and 5).

Body weights of rats in the 13-week and 2-year
studies and of mice in the 13-week studies were
not affected by administration of 2-chloroetha-
nol. Mean body weights of dosed male and fe-
male mice were somewhat lower than those of
the vehicle controls throughout most of the 2-
year studies. ‘

The survival and weight gain data suggest that
both male and female F344/N rats could have
tolerated a higher dose of 2-chloroethanol in the
2-year studies. The dose-related increased mor-
tality in male mice suggests that the maximum
effective dose was probably administered; fe-
male mice might have tolerated a higher dose of
2-chloroethanol. Overall survival in all groups
of mice was poor (Table 19).

2-Chloroethanol, NTP TR 275

The lethal effects of 2-chloroethanol may be
associated with a reduction from the steady-
state concentration of hepatic glutathione (GSH)
resulting from the conjugation of GSH with 2-
chloroacetaldehyde, the enzymatic oxidation
product of 2-chloroethanol. A single nonlethal
(50% of the LDsg value) dose of 2-chloroethanol
lowered the GSH content of female rat liver by
about 80% after 2 hours (Johnson, 1965).

Genetic Toxicology

2-Chloroacetaldehyde alkylates DNA (Oesch
and Doerjer, 1982), causes errors during in vitro

" DNA synthesis (Hall et al., 1981), and is muta-

genic in bacterial virus (Garro and Phillips,
1980) and bacterial DNA transformation sys-
tems (Phillips et al.,, 1980). 2-Chloroacetalde-
hyde is weakly mutagenic and recombinogenic
in yeast (Loprieno et al., 1977), is mutagenic in
the fungus Aspergillus nidulans (Bignami et al.,
1980a,b) as well as in mammalian cell cultures
(Huberman et al., 1975), and inhibits interferon
induction when mouse embryo fibroblasts are
challenged with Newcastle disease virus
(Sonnenfeld et al., 1980). 2-Chloroacetaldehyde
is more mutagenic in Salmonella than is the
parent compound, 2-chloroethanol. The addition
of liver S9 reduces the mutagenicity of 2-chloro-
acetaldehyde, possibly by oxidation to chloro-
acetic acid, which is not mutagenic in
Salmonella (McCann et al,, 1975; Bartsch et al.,
1980; Bignami et al., 1980b), E. coli (Mamber et
al., 1983), or mammalian cells (Huberman et al.,
1975). Amacher and Turner (1982) reported,
however, that chloroacetic acid may be weakly
mutagenic in the mouse lymphoma assay in the
presence of liver S9.

In vivo studies in rats (Green and Hathway,
1977, Rannug and Beije, 1979) showed that 2-
chloroacetaldehyde is conjugated with gluta-
thione by a glutathione S-epoxide transferase to
produce a series of S-containing metabolites that
are not mutagenic in Salmonella. Taken to-
gether, these results suggest that 2-chloro-
ethanol is a weak mutagen that is metabolized
to 2-chloroacetaldehyde, a potent mutagen and
alkylating agent. This metabolite then can be
converted to 2-chloroacetic acid, which is not



IV. DISCUSSION AND CONCLUSIONS

mutagenic, or conjugated to glutathione to form
a series of nonmutagenic S-conjugates. The de-
toxification of 2-chloroacetaldehyde could
prevent the realization of any carcinogenic
potential of 2-chloroethanol. The short-term test
results for 2-chloroethanol (i.e., positive in bac-
teria but negative in a variety of eukaryotes, in-
cluding fungi, Drosophila, mammalian cells, and
rodents) support this view.

Toxicity and Carcinogenicity

No compound-related signs of skin irritation
were noted at the site of dermal application in
rats or mice in the short-term studies. In the 2-
year studies, there were dose-related increases
in the incidences of inflammation and ulceration
at the site of application in male mice; all the ul-
cers were accompanied by inflammation. No
similar effects were noted at the site of applica-
tion in female mice or in male and female rats,
and no significant differences in incidences of
neoplastic lesions were noted at the site of appli-
cation for rats or mice. Although the sensitivity
of mouse skin to carcinogens varies with the
stage of the hair growth cycle (Andreasen and
Engelbreth-Holm, 1953; Berenblum et al., 1958;
Borum, 1954), no information was found con-
cerning the permeability of the skin to chemicals
as a function of the hair cycle. Species differ-
ences in the dermal absorption of chemicals have
been discussed by Bock (1963, 1983).

Male and female rats in the 13-week studies
showed dose-related pancreatic acinar cell
vacuolar changes at doses above 250 mg/kg; sim-
ilar changes were seen in female mice that sur-
vived to the end of the 13-week studies. Acute
nephrosis and hepatocellular fatty changes were
noted in dosed male and female mice surviving
to the end of the 13-week studies. Possible ef-
fects on the pancreas in rats and on the pan-
creas, kidney, and liver in mice were considered
when doses for the 2-year studies were set. None
of these sites was affected in rats or mice in the
2-year studies.

Mason et al. (1971) had reported an increased
incidence of pituitary gland adenomas (7/100
across all dose groups vs 1/50 for control
animals) in female Fischer 344 rats given 2-
chloroethanol (0.3-10 mg/kg) by subcutaneous
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injection. In the present studies, pituitary gland
adenomas occurred at an increased incidence in
high dose female rats (Table 12). When
adenomas and carcinomas were combined, a
marginally significant (P=0.049) trend re-
mained, and the incidence in the high dose group
showed a borderline (P=0.052) increase when
compared with the vehicle controls by life table
analysis. Although results in this report lend
support to the conclusion of Mason et al. that 2-
chloroethanol may affect the female F344 rat
pituitary gland, the results in themselves are
considered to be inconclusive for the following
reasons: (1) No dose-related pituitary gland
hyperplastic response was seen (Appendix C,
Table C2); (b) these tumors are considered to be
a continuum of neoplastic lesions from ade-
nomas to carcinomas and are therefore properly
combined for interpretation purposes; and (c)
these tumors are not considered as life
threatening and the use of the incidental tumor
test is accordingly more appropriate than the life
table test. No other increase in neoplasms was
observed in rats.

The incidence of alveolar/bronchiolar adenomas
or carcinomas (combined) was significantly in-
creased (P=0.029, life table test only) in low
dose male mice. Considered separately, the inci-
dences of either alveolar/bronchiolar adenomas
or carcinomas were not significantly increased.
Doses employed in the present study (7.5 and 15
mg per animal, dermal, § days per week) were
considerably higher than those used by Hom-
burger (1968) (1.2 mg per animal, by intra-
venous injection, one time per month for 7
months); Homburger reported an increase in the
incidence of alveolar/bronchiolar adenomas in
female CF-1 mice (5/18 vs a control rate of 2/18).
The incidence of alveolar/bronchiolar adenomas
or carcinomas (separate or combined) in male
mice was similar in the high dose, vehicle con-
trol, and untreated control animals. In all
groups of male mice, these tumors were found in
both early-death animals and in terminal-kill
animals.

Lymphomas occurred with a marginally
increased incidence in low dose (but not high
dose) male mice when compared with vehicle
(P=0.044) or untreated (P=0.048) controls by
the life table test. The high dose animals had
fewer lymphomas or leukemias than did the
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IV. DISCUSSION AND CONCLUSIONS

vehicle and untreated controls. Almost all
lymphomas and leukemias were found in ani-
mals of all groups that died during the course of
the 2-year studies (Table 20).

Adrenal cortical adenomas appeared in high
dose male mice with a significantly increased in-
cidence when compared with the vehicle controls
(0/48 vs 3/43) but not when compared with the
untreated controls (4/48 vs 3/43).

There were no statistically significant
differences in tumor incidence between the
vehicle and untreated control groups for male
mice or for female mice. Consequently, these
control groups were combined by sex and
additional analyses carried out. When sta-
tistical comparisons were made relative to the
pooled control groups, (1) the increased inci-
dences of alveolar/bronchiolar tumors and of
malignant lymphoma in low dose male mice
remained significant (P <0.05), whereas both of
the corresponding high dose effects remained not

significant; (2) the increased incidence of cortical
adenoma of the adrenal gland in high dose male
mice was no longer significant; and (3) combin-
ing the control groups revealed no other effects
that influenced the overall interpretation of the
data.

The increased incidences of alveolar/bronchiolar
tumors and malignant lymphoma in low dose
male mice are suggestive of a possible response
to dermal application of 2-chloroethanol; how-
ever, there was no dose-related trend for these
tumor incidences (the low dose effects were sig-
nificant only by a life table test), and supporting
evidence was not seen in female mice or in male
and female rats. Thus, these increases were not
considered to be compound related.

Conclusions: Under the conditions of these 2-
year dermal studies, there was no evidence of
carcinogenicity* of 2-chloroethanol for male and
female F344/N rats given 50 or 100 mg/kg per
day or for male and female Swiss CD-1 mice
given 7.5 or 15 mg per animal per day.

*Categories of evidence of carcinogenicity are defined in the Note to the Reader on page 2.
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SUMMARY OF THE INCIDENCE OF NEOPLASMS
IN RATS IN THE TWO-YEAR DERMAL STUDIES OF
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TABLE Al, SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE TWO-YEAR
DERMAL STUDY OF 2-CHLOROETHANOL

CONTROL (VEH) LOW DOSE HIGH DOSE
ANIMALSINITIALLY IN STUDY 50 50 50
ANIMALS NECROPSIED 50 50 50
ANIMALS EXAMINED HISTOPATHOLOGICALLY 50 50 50
INTEGUMENTARY SYSTEM
#SKIN PAINT SITE (48) 49) (49)
SQUAMOUS CELL CARCINOMA 1 2%)
KERATOACANTHOMA 1 (2%)
*SKIN (50) (50) (50)
PAPILLOMA, NOS 1 2% 4 (8%)
SQUAMOUS CELL PAPILLOMA 2 (4%)
SQUAMOUS CELL CARCINOMA 1 (2%) 1 (2%)
BASAL-CELL TUMOR 1 (2%)
KERATOACANTHOMA 1 (2%) 3 (6%) 1 (2%)
*SUBCUT TISSUE (50) (60) 50)
FIBROMA 2 (4%) 6 (12%) 1 (2%)
FIBROSARCOMA 1 (2%) 2 (4%)
RESPIRATORY SYSTEM
#LUNG (49) (50) (50)
SQUAMOUS CELL CARCINOMA, METASTA 1 (2%)
ALVEOLAR/BRONCHIOLAR ADENOMA 1 (2%)
ALVEOLAR/BRONCHIOLAR CARCINOMA 4 (8%) 1 (2%)
PHEOCHROMOCYTOMA, METASTATIC 1 (2%)
CARCINOSARCOMA, METASTATIC 1 (2%)
HEMATOPOIETIC SYSTEM
*MULTIPLE ORGANS (60) (50) (50)
MALIG. LYMPHOMA, LYMPHOCYTIC TYPE 1 2%)
LEUKEMIA,MONONUCLEAR CELL 11 (22%) 7 (14%) 12 (24%)
#SPLEEN (50) (60 (60)
SARCOMA, NOS 2 (4%)
#MANDIBULAR L. NODE 49) 50) 49
CARCINOSARCOMA, METASTATIC 1 2%)
CIRCULATORY SYSTEM
*PULMONARY ARTERY (50) 60) (50)
C-CELL CARCINOMA, METASTATIC 1 (2%)
#SALIVARY GLAND (60) 49 (50)
ANGIOSARCOMA 1 2%)
DIGESTIVE SYSTEM
#LIVER (60) (50) (50)
NEOPLASTIC NODULE 3 6% 3 (6%
PHEOCHROMOCYTOMA, METASTATIC 1 (2%)
#DUODENUM (60) é4n 49)
ADENOCARCINOMA, NOS 1 (2%)
#JEJUNUM 560 én 49)
LEIOMYOSARCOMA 1 (2%)
URINARY SYSTEM
#URINARY BLADDER 49 (50) 48)
TRANSITIONAL-CELL CARCINOMA 1 (2%)
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TABLE Al. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE TWO-YEAR
DERMAL STUDY OF 2-CHLOROETHANOL (Continued)

CONTROL (VEH) LOW DOSE HIGH DOSE
ENDOCRINE SYSTEM

#PITUITARY (50) (48) 49)
CARCINOMA, NOS 3 (6%) 2 (4%) 1 (2%)
ADENOMA,NOS 12 (24%) 11 (23%) 16 31%)

#ADRENAL (50) (50) (50)
CORTICAL ADENOMA 1 (2%) 3 (6%) 1 (2%)
PHEOCHROMOCYTOMA T (14%) 11 (22%) 9 (18%)
PHEOCHROMOCYTOMA, MALIGNANT 1 (2%) 2 (4%)

#ADRENAL MEDULLA (50) (50) (80)
PHEOCHROMOCYTOMA 1 (2%) 2 (4%) 1 (2%)

#THYROID 49) 49) (49)
FOLLICULAR-CELL ADENOMA 1 (2%)

FOLLICULAR-CELL CARCINOMA 2 (4%) 1 (2%) 1 (2%)
C-CELL ADENOMA 6 (12%) 4 (8%) 3 (6%)
C-CELL CARCINOMA 1 (2%) 1 (2%)

#PANCREATIC ISLETS (60) (60) 49)
ISLET-CELL ADENOMA 3 (6%) 3 (6%)

ISLET-CELL CARCINOMA 1 (2%) 1 (2%)
REPRODUCTIVE SYSTEM

*MAMMARY GLAND (50) 60) 50)
PAPILLARY ADENOMA 1 (2%)

FIBROADENOMA 1 (2%) 1 (2%) 1 (2%)

*PREPUTIAL GLAND (80 (50) (50)
CARCINOMA, NOS 1 (2%) 1 (2%) 2 4%)
ADENOMA, NOS 2 (4%) 2 (4%) 1 (2%)

#PROSTATE (49) (49) (48)
ADENOMA, NOS 1 (2%)

#TESTIS (60) (50) (50)
INTERSTITIAL-CELL TUMOR 45 (90%) 41 (82%) 44 (88%)

NERVOUS SYSTEM

NONE

SPECIAL SENSE ORGANS

*EARCANAL (60) (60) (60)
CARCINOSARCOMA 1 (2%)

*ZYMBAL GLAND (50) (50) (50)
CARCINOMA, NOS 1 2% 1 (2%)
ADENOMA, NOS 1 (2%)

MUSCULOSKELETAL SYSTEM

NONE

BODY CAVITIES

*PERITONEUM (60) 650 (50)
MESOTHELIOMA, MALIGNANT 1 (2%)

*MESENTERY (60) (60) (50)
MESOTHELIOMA, NOS 1 2%)

*TUNICA VAGINALIS (60) (60) (50)
MESOTHELIOMA, NOS 1 (2%) 1 (2%)

n
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TABLE Al. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE TWO-YEAR

DERMAL STUDY OF 2-CHLOROETHANOL (Continued)

CONTROL (VEH)

LOW DOSE

HIGH DOSE

ALL OTHER SYSTEMS
*MULTIPLE ORGANS
MESOTHELIOMA, NOS

50)

(50)

1

(50)
(2%)

ANIMAL DISPOSITION SUMMARY
ANIMALS INITIALLY IN STUDY

NATURALDEATH
MORIBUND SACRIFICE
SCHEDULED SACRIFICE
TERMINAL SACRIFICE
DOSING ACCIDENT
ACCIDENTALLY KILLED,NDA
ACCIDENTALLY KILLED, NOS
ANIMAL MISSING
ANIMAL MISSEXED
OTHER CASES

s

33

50
12
36

TUMOR SUMMARY
TOTAL ANIMALS WITH PRIMARY TUMORS**
TOTAL PRIMARY TUMORS
TOTAL ANIMALS WITH BENIGN TUMORS
TOTAL BENIGN TUMORS
TOTAL ANIMALS WITH MALIGNANT TUMORS
TOTAL MALIGNANT TUMORS
TOTAL ANIMALS WITH SECONDARY TUMORS# #
TOTAL SECONDARY TUMORS
TOTAL ANIMALS WITH TUMORS UNCERTAIN-
BENIGN OR MALIGNANT
TOTAL UNCERTAIN TUMORS
TOTAL ANIMALS WITH TUMORS UNCERTAIN-
PRIMARY OR METASTATIC
TOTAL UNCERTAIN TUMORS

116

115

48
112

86
20
22

¢ NUMBER OF ANIMALS NECROPSIED

** PRIMARY TUMORS: ALL TUMORS EXCEPT SECONDARY TUMORS
# NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY

## SECONDARY TUMORS: METASTATIC TUMORS OR TUMORS INVASIVE INTO AN ADJACENT ORGAN
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TABLE A2, SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS IN THE TWO-YEAR

DERMAL STUDY OF 2-CHLOROETHANOL

CONTROL (VEH)

LOWDOSE

HIGH DOSE

ANIMALSINITIALLY IN STUDY
ANIMALS NECROPSIED

ANIMALS EXAMINED HISTOPATHOLOGICALLY

50
50
50

50
50
50

50
50
50

INTEGUMENTARY SYSTEM
*SKIN
TRICHOEPITHELIOMA
KERATOACANTHOMA
*SUBCUT TISSUE
SARCOMA, NOS
FIBROMA

(60)

1
(50)

(2%)

(50)

(50)

(60)
2%)

50
2 (4%)

(2%)

RESPIRATORY SYSTEM
#LUNG

ALVEOLAR/BRONCHIOLAR CARCINOMA

(50)
1

(2%)

(60)
1

(48)
(2%)

HEMATOPOIETIC SYSTEM
*MULTIPLE ORGANS
LEUKEMIA MONONUCLEAR CELL
#SPLEEN
LEUKEMIA MONONUCLEAR CELL

(50)
7
(50)
1

(14%)
2%)

(50
7
(48)

(50)

-]

(14%) (12%)

(50}

CIRCULATORY SYSTEM
*MULTIPLE ORGANS
ANGIOSARCOMA

(50)

(50
1

(60)
(2%)

DIGESTIVE SYSTEM
*TONGUE
SQUAMOUS CELL CARCINOMA
#LIVER
NEOPLASTIC NODULE

(50)
50)
1

(2%)

(50)
1
(50)
2

(50)
(2%)

(50)
(4%)

URINARY SYSTEM
NONE

ENDOCRINE SYSTEM

#PITUITARY
CARCINOMA, NOS
ADENOMA, NOS

#ADRENAL
CORTICAL ADENOMA
PHEOCHROMOCYTOMA
PHEOCHROMOCYTOMA, MALIGNANT
PHEOCHROMOCYTOMA, METASTATIC
GANGLIONEUROMA

#THYROID
FOLLICULAR-CELL ADENOMA
FOLLICULAR-CELL CARCINOMA
C-CELL ADENOMA
C-CELL CARCINOMA

#PANCREATIC ISLETS
ISLET-CELL ADENOMA
ISLET-CELL CARCINOMA

(50)
4

19
49)
1

49)

49)
1

(8%)
(38%)

(2%)
(6%)

4%)
(2%)

(2%)

(50)
(2%) 1 (2%)
(49%) 29 (58%)

(50)

4%)
(6%)
(2%)
2%)

(4%)
(6%)
2%)

— 0 N

(2%)
(49)
(2%)
(2%)
6%) 4 (8%)
1 (2%)
(50)
1 2%)
1 2%)

(6%)
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TABLE A2. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS IN THE TWO-YEAR
DERMAL STUDY OF 3-CHLOROETHANOL (Continued)

CONTROL (VEH) LOW DOSE HIGH DOSE
REPRODUCTIVE SYSTEM
*MAMMARY GLAND (50) (50) (50)
ADENOCARCINOMA, NOS 2 (4%)
PAPILLARY ADENOMA 1 (2%)
CYSTADENOMA, NOS 3 (6%) 3 (6%) 3 8%
FIBROADENOMA 13 (26%) T (14%) 11 (22%)
*CLITORAL GLAND (50) ®0) (50)
CARCINOMA, NOS 1 @2%)
ADENOMA, NOS . 1 (@%)
#UTERUS (60) (50) (50)
ENDOMETRIAL STROMAL POLYP T (14%) T4 (8%) 7 (14%)
ENDOMETRIAL STROMAL SARCOMA 1 2% 1 2%)
#CERVIX UTERI (50) (50) (50)
FIBROMA 1 2%)
#UTERUS/ENDOMETRIUM (50) 50) (50)
CARCINOMA, NOS 1 2%
#OVARY @9 (50) (50)
GRANULOSA-CELL TUMOR 1 (2%)
NERVOUSSYSTEM
#BRAIN 49) (50) (50)
CARCINOMA, NOS, INVASIVE 1 (2%)
ASTROCYTOMA 1 2%
SPECIAL SENSE ORGANS
*ZYMBAL GLAND (50) (50) (50
CARCINOMA, NOS 1 (2%)
ADENOMA, NOS 1 2%
MUSCULOSKELETAL SYSTEM
NONE
BODY CAVITIES
NONE
ALL OTHER SYSTEMS
*MULTIPLE ORGANS 50) 50) 50
PHEOCHROMOCYTOMA, METASTATIC 1 @2%)
ANIMAL DISPOSITION SUMMARY
ANIMALS INITIALLY IN STUDY 50 50 50
NATURAL DEATH 1 3 2
MORIBUND SACRIFICE 7 8 10
SCHEDULED SACRIFICE
TERMINAL SACRIFICE 42 39 38
DOSING ACCIDENT

ACCIDENTALLY KILLED, NDA
ACCIDENTALLY KILLED, NOS
ANIMAL MISSING

ANIMAL MISSEXED

OTHER CASES
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TABLE A2, SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS IN THE TWO-YEAR
DERMAL STUDY OF 3-CHLOROETHANOL (Continued)

CONTROL (VEH) LOW DOSE HIGH DOSE
TUMORSUMMARY
TOTAL ANIMALS WITH PRIMARY TUMORS** 38 43 43
TOTAL PRIMARY TUMORS 70 72 76
TOTAL ANIMALS WITH BENIGN TUMORS 32 35 40
TOTAL BENIGN TUMORS 51 53 64
TOTAL ANIMALS WITH MALIGNANTTUMORS 16 16 10
TOTAL MALIGNANT TUMORS 18 17 11
TOTAL ANIMALS WITH SECONDARY TUMORS# # 2 1
TOTAL SECONDARY TUMORS . 2 1
TOTAL ANIMALS WITH TUMORS UNCERTAIN.-
BENIGN OR MALIGNANT 1 2 1
TOTAL UNCERTAIN TUMORS 1 2 1
TOTAL ANIMALS WITH TUMORS UNCERTAIN-
PRIMARY OR METASTATIC
TOTAL UNCERTAIN TUMORS

* NUMBER OF ANIMALS NECROPSIED

*¢* PRIMARY TUMORS: ALL TUMORS EXCEPT SECONDARY TUMORS

# NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY

## SECONDARY TUMORS: METASTATIC TUMORS OR TUMORS INVASIVE INTO AN ADJACENT ORGAN
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE TWO-YEAR DERMAL
STUDY OF 3-CHLOROETHANOL: VEHICLE CONTROL

— ANIHAL
NUMBER
WEEKS ON
Y
8kin paint site + + + + o+ o+ o+ o+ - + + + +
kumuumm
Ppﬂh NOS L R S T L I + + +
| u.
ocall carcinoma
Basal cell tumor
Keratoacanthoma X
Subrutaneous R . T TR S R T TR T T T R R S T B R
Fibroma X
Fibrosarcoma X
Lungs aad broachi P N T T . T . T TR T T R R T T R R R I R )
%uwuﬂardum.ummm X
veolar/bronchiolar ade:
Pheochromocytoma, metastatic X
Carcinosarcoma, metastatic X
Trachea + + + + + =+ F = =+ o+ o+ F o+ F o+ o+
HENATOPOIETIC SYSTEN
Bone marrow L S T T T T R SR S S S T Tk A T T T
Spleen [ I S SR K . R T S TR TR S S T S T T I N
Lg::mm nodes L T L R A T U T T S T T T T S T T R T I I
i ma, metastatic X .
Thymus FF F =+ + F F F F F = =+ E o+ + + ++ 4+ o+ o+ o+
Heart + + + F + F o F FF P A R F o+ E + E o+ o+ o+
Salivary gland L R L T R I R RN SRR ST TR B S T B B
Angiosarcoma X
Liver [ T e T I S R I R S T R R )
Pheockromocytoms, metastatic X
Bile duet LR T T T T T S S S L T ST T S R R T S S T S S J
Gallbladder & common bile duct N NNNNNUNNNNNNNNNNNNNNNNNNN
Pancreas F O T O e L . T TN R TR S S
Esopha, [ N Tk A R T I R 2Nk T T S S SR R T T T T R S
Stomac RS R TR T e TR S R TR R SRR SR JEE T B S
Small intestine P T T T R T T T L T S T T T T R A S
Leiomyosarcoma ]
Large intestine D e . . T I S T I I I T T T I
Kidney L S IR TR T T T . T T TR R SEE T T ST TR T S S
Urinary bladder PRI T TR T T T S T S T S R R R L T T S
Pituitary LI SRR TR R T T R B R L2EE I IR I B AR A + +
Carcino:uNNOG
Adenoma, NOS X X X X X X X X X X
Adrenal P R T T T T TERCI R T B I I T I R R T
Corticsl adenoma
Pheochromocytoma X X
Pheochromocytoma, malignant X
Th LI TR S TR T T S T BT R L T R T T I T R
‘ollicular coll careinoma ' X X
C-coll adenoma X X
Parathyroid DI T I T S I T T R I I T R R B I I R
Pancreatic islets LI L 2 T T I R R R R AT S T BN I I R R IR I I I
Isist coll adenoma
Islet coll carcinoma X
Mammary gland + + 4+ + + + + + + + + + N & + +° 4+ ¢ + + NN + + +
Fibroadsnoma '
Toestis + + + + 4+t F ok F + + F oF o+ E o+ ot o+t o+ oo+
. Interstitial cell tumor XXX X X X X X X X X X X X X X X X X X X
Progtate P S T T T . S T T R S
Adenoma, NOS X
Preputial/olitoral gland N NNNNNNNNNNNNNNNNNNNNNNNN
Cuvlunk
Adenoma, NOS
RTRVOUS BYSTEN
Brain LI T I T T IR N I R I I T R I I R R T I
EPICIAL BENSL URGANS
Ear N N+ NNNNNSFNNNNNNNNNNNNNNNN
Carcinosarcoms X
Zymbal gland N NNNNNNNNNNNNNNNNNNNNNNNN
Carcinoma, NOS X
Peritossum N NN NNN N NNN N N
Moesothelioms, malignant X
Tunica v Iis [T T T T T TR R S S R S I T
Maesothelioras, NOS X
Maesentery N NNNNN N N N N N
Masotheliorna, NOS X
Mumrholtiow ' NNNNNNNNNNNNNNI}NNNNNNNNNN
| hoeytic
Leukbmia, monoruciearoall - TP X x Xx x X x X
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: VEHICLE CONTROL

(Conﬂnuod)
ANTHAL 0 ']
TOTAL:
WEEKS ON 1 I 1 I I 3 1 I 1 1110 1 1 T I O 0 0 1071 11 |TISsUES
8 5 8 5 S5 8 5 & 8 8 8l § 8 § 8 8 S & 5 5 8
Skin paint site + 4+ + + + + + + -+ + + + + 4 48
Squamous cell carcizoma . . N X . 66
+ + + + + 4+ +
Papilloma, NOS X 1
Squnmallurdmm {
Koneomthom 1
Subcutaneous tissue L T R R R N TR T SEFURNE S R I R I TR I I *80
Fibroma b4 2
Fibrosarcoma 1
Lungs and bronchi L S I N R T I LN T S N T T R T T T R T I 49
ﬂumu coll carcinoma, metastatic 1
iveolarbronchiolar adenoma 1
Pheochromocytoms, metastatic 1
Carcinosarcoma, metastatic 1
Traches L R T T T T T R SRR T S R R R T T R R 4
HENATOPOILTIC SYSTEM
Bone marrow L R S IS SR TR T S I R S R R IR TR Y T N B B I L A 49
Splesn LN I T N S R T I N SR BT IR I TR R R S R BRI 50
Lymph nodes LR B I T I R I I S I S T I I A T T TR R R 49
rcoma, metastatic 1
Thymus LI I . TR R R I S T TR I R A 87
CIHCUTATORY SYSTEM
Heart LI T SR TR T T T ST R T T T I R R T R T TR R R I 50
Salivary gland L R . T T T TR T S S S T S R S A T T 2 50
giosarcoma 1
Liver LN S I TR T Y S T SR T IR T T R BT T DT B R T I 50
Pheochromocytoma, metastatic 1
Bile duct LR R I A R T L T R TR T B S N S 80
Galibladder & common bile duct N NNNNNNNNNNNNNNNNNNNNNNNN *50
Pancreas LI S S L T T TP R T S R T T NEE ST S TR IR R B R ) 50
Esop) L S S R N T T T ST I T R I S S T T R DR I I TR 48
Stomac! LI S R T R I R R . T T I I R R R R T I ]
Small intestine LIS S 2T T T R I BT I TR S T T T RN R R S R B I K 80.
Leiomyosarcoma X 1
Large inmthu EE S T T T T T T R T TR R T I R IR I T Y Y R 80
URINARY SYSTEX
Kidoey LI T PN I T T R R TR S S R T T + 50
Urinary bladder LI IR B ERE T I T R R T T L A 49
ERDOCRINY SYBTIN
Ptuitary LI T S T L R T T SO S I T S SEE I S R I I N 80
Mun‘kl&l X X X [ ]
Adenoma, X 4 13
Adrenal LI R L R R T A R T R + + + + 80
Cortical adenoma X 1
Pheochromocytoma X XX ]
Phsoshromooytoma, mualignant 1
+ 4+ o+ CIEE I T S R T U T R R R T R R + 49
luvnhr cell eareinoma " % x x g
ma
anh MP LI TR T T I T R T I T R S SR T ] 39
Pmnlﬁoulm LIEE TR I S N AT T BT T R R I TR K S T B RN BT RN SR A B 50
Is]es coll adenoma X X X 3
Illu ooll carcinoma 1
Mammary gland o+ F o+ e+ E o+ kb 4+ e+ e+t + + ¢+ + N ‘50
Fibroadenoma X 1
Testis L . T R R R S R T R R T S T T T S T . T S T 50
Interstitial cell tumor X XXX £ X XX XX X Xx XX XXX XXX XX XX 46
mm te L T . T S T R T TR S R S . . I 42
rnpuzumlmn 1 gland N NNNNJNINNNNNNNNNNNNNNNNNNN *80
Careizoma, N X 1
Adenoma, KOS X x ]
Brain LR T T T TR U RS S U TR I DR SR T R R Y T R S 80
BPECIAL SENSY ORUARY
Lar N NN NNNNNNNNNNNN+NNNNNNNNN *50
‘Carcinosarcoma 1
Zymbal gland N NNNNNNNNNNNNNN N NNNNNNNN 50
Carcinoms, NOS 1
BODY CAVITIEE
Pcrleon N N N N N 80
icﬂom. malignant 1
‘rnninvn nalis L I S L. T T B TP S R A I A *50
Mo lma, 08 NNNNNNNSNNNNNNN Y
{]
thhroylioﬂn. NOS 1
uumhorﬂnzgolhm“ N NNNNNNNNNNNNNNNNNNNNNNNN '8!1)
nt lymphoma, lymphooytic type
ulg:u uy:o:onuclnz n? P X X X 11
* Animals necropaied .
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE TWO-YEAR DERMAL
‘ STUDY OF 3-CHLOROETHANOL: LOW DOSE

++ o+ 4+ | +4 44 | 4m N Y Y ra PO + o+ 4 ++ +  tmtx + | =
++ o+ +u+ | +4+ 41| 4z +ipgtZ i+t | 44 + o+ 4+ +4 +  4p+z + |z
++ o+ + + | +vc et | ampe | 4+ +zereee | o+ + o+ o+ "+ + w4z + | =
++ O+ + + ] 4+ 414+ ] 4z 4 AZEEEEE ] 4 + o+ o+ +4+ + etz + |z
++ o+ + + ] ++ 44| 4z 4 4zt | 44 + O+ st o 4 +  4xm + | =
++ o+ + + ] v+ 44 | 4z 4 bz | +e + M+ 4+ e Z  tw+m + | =
+40¢ 4+ + + ] v+ 4+ ]| +4+ tZAEEre | 4+ + O+ o+ 1+ + A+ + | =
++ o+ + + [ ++ 40 | 4z 4tz | o+ 4 + o+ s ++ 4+ 4t + | =
+4+ o+ + + | v+ w1 | ez +4 4z | e + o+ e+ (™ + 4 +EM + | =
++ o+ + + | ++ 41 | 4z T T T T e + w4 ++ + etz om | + | =
+4+ 4+ + + | +4 41 | 2z +4 4z ] 4 + O+ et ++ Z MR + | =
++ Mt + + | 4+ 44 | 2z +4 +ZErE4E | 4 + 4w+ +4+ + etz + | =
++ o+ + + | v+ 44| 4z 4 rZAEEEE | 44 4+ 4+ +4+ + o+ +m + |z
++ o+ + + | vapre 4z [ e emaeere | o4 + o+ 4 +4 + 4+ + | =
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: LOW DOSE
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE TWO-YEAR DERMAL
STUDY OF 2-CHLOROETHANOL: HIGH DOSE

m O U 4 O U 0 + + 0 U y ¥ Of ) ) 0
NUMBER 3 0 0 1 8l 3 1 0 0 1
H 3 4
WEERS ON a a ﬂ ﬂ % 1 If I I 1 1 1 3
¢ 1 sl 7 2] 2‘ 2‘ ﬂ 2' 5 8
INTEGUNENTARY SYSTEN
s}i:p.in site - + + + + o+ + + + + + +
ratoacanthoma
Skin N + + + + + + + o+ o+ + + o+ .+ ; +
Squamous osll papilloma X
Keratoacanthomsa X
Subcutaneous ti LR I N . T T T R T R S TR SN T S NN S R S R
Fibroma X
Lungs and bronchi + o+ + o+ + + o+ + + +
Alveciarbroachiolar carcinoma
Traches + + - + - + + -
HEMATOFOIETIC SYSTER
Bone marrow PR T T T ST R T R R IR T SR S R S A R
Splesn LR I T L O R T SRS S T R ST R R
%nph nodes LR SR S TR A T T T SRR T R S T
ymus LR R T R . S S SR T R S N R N S R S
CIRCULATORY SYSTEM
Heart L R I T T T T S R R T R R S R T R e
Selivary gland L T T T T I kS . T S R
Liver L S R L A T AR . R T T S S S S T S R
Neoplastic nodule
Bile duct + + + + b+t o+ F kb F ot bt o+ o+ o+ o+ + o+
Gallbladder & common bile duct N NN NNDNNNNNNNNNNNNNNNNNNNN
Pancreas P L . T T S O S A S A R R
Esop LR R T S TR R R R R T S I S S S A R
Stomac EIEE R N T A T T T T T S T R R S T T
Small intestine PR A L T R S R S R ST R R Y S SR S R R R S
Adsnocarcinoms, NOS X
Large intestine LK JEE S 2 TR T BT T SN TR I JEE . I R N A O
URINARY SYSTEN
Kidoey LK R S T TR T Y T I I S K T I T T T T R I T T
Urinary bladder + + -+ -+ F o+ o+ o+ o+ + + + + o+ o+ + + +
ENDOCRINE SYSTEM
Pituitary + + 4+ + + o+ o+ o+ o+ o+ + + + + - + + +
CnuinonnkNOB X
Adenoma, NOS X X X X X X X X X
nal L N A S I + o+ o+ o+ o+ + + 4+ + + o+ + o+
Cortical sdenoma
mocytoma X
Pheochromocytoma, malignant X X
+ o+ F o+ + o+ F o+ o+ o+ o+ + o+ + + + + 4+
‘ollicular coll carcinoma X
C-coll adenoma
-cell carcinoma
yroid LI I S TR IR T TR I T T T I I + - - = =
Mammary gland N +4 + + + + + + N + + N + + + + + + + + + + 4+ + +
Fibroadenoma
Testis LI SR T S TR N SR S R SR S R T S S S S S S S S T
Interstitial cell tumor X X X X XX XXX XXX XXX XIXTIXTIXOTX X
Prostate L T T T T T T T T R - N R S S S TR S R N 3
Preputial/clitoral gland N NN NNNNDNNDNNNNNNNNNNNNNNNNN
Carcinoma, N/ X
Adenoma, NOS X
NERVOUS SYSTEM
Brain LR L T T T R SRR S S SR R T T
SPECTIAL SENSE ORUANS
Zymbel gland N NN NNNNUNNNNNNDNNNNNNNNNNNNN
Cam'mmakNOB X )
Adenoms, NOS X
Tunica vagi: P R T T T R R R TR R A T TR S N R
Mesothelioma, NOS
ALL UTHER SYSTEME
Multiple organs, NOS N NNNNNDNNNNNNNNNNNNNNNNNNN
Mesothelioma, NOS X
Leukemia, mononuclear celi X X X X X X X X X
+: Tissue examined microscopically :  No tissue information submitted
~: Required tissue not examined microscopically C: Necropsy, 2o histology dus to protocol
X: Tumorincidence A:  Autolysis
N: Necropsy, no autolysis, no microscopic examination M: Animal missing
S: Animal missexed B: No necropsy performed
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: HIGH DOSE
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