1,2-EPOXYUTANE

1. ehemical and Physical Data
1.1 Synonyms

Chem. Abstr. Services Reg. No.: 106887
Chem. Abstr. Nam: Ethyloxiane
IUPAC Systematic Nam: 1,2-Butylene oxide
Synonym: 1-Butene oxide; 1,2-butene oxide; 1,2-butylene epoxide; Q-butylene
oxide; I-butylene oxide; epoxyutane; ethyl ethylene oxide; 2-ethyloxiane
1.2 Structural and molecular formulae and molecular weight

/\
a

H2C_CHCH2CH3
C4HaO

MoL. wt: 72.12

1.3 Chemical and physical properties of the pure substance:

(a) Decription: Clear, colourless liquid with pungent odour (Dow Chemical Co.,
1988)
(b) Boiling-point: 63.3 °C (Weast, 1985)

(c) Melting-point: .: -6°C (Prmeggiani, 1983)
(d) Density: 0.8312 (20o/2Q°C) (Hawley, 1981); 0.837 (17°C/4°C) (Weast, 1985)
(e) Spectroscopy data: Nuclear magnetic resonance and Inrared spectral data have
been reported (Sadtler Research Laboratories, 1980; Pouchert, 1981, 1983, 1985).

if Solubility: Miscible with most organic solvents (National Toxicology Program,

1988); veiy soluble in ethanol and diethyl ether (Weast, 1985); soluble in water
(Hawley, 1981)

(g) Volatility: Vapour pressure, 140 mm Hg at 2Q°C (Dow Chemical Co., 1988)
(h) Refractive index: 1.3851 at 20°C (Weast, 1985)
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(i) Rash-point: -22°C (closed-cup) (Dow Chemical Co., 1988)

(¡) Reactivity: Extremely inammable; reacts with water and other source of labile
hydrogen, especially in the presence of acids, bases or other oxidizing substances.

Reactive monomer which can polymerie exothermically. Undergoes atmospheric hydrolysis; atmospheric half -life for oxidation estimated to be six days
(Hine et al., 1981; National Toxicology Program, 1988; Dow Chemical Co., 1988)
(k) Conversion factor: mg/m3 = 2.95 X ppm 1
1.4 Technical products and impurities

1,2-Epoxybutane is available at a purity of 98%, 99% or :; 99%. 1,2-Butanediol has
been identified as an impurity ( ~ 0.2%) (Riedel-de Haen, 1984; Aldrich Chemical Co., Inc.,
1988; National Toxicology Program, 1988).

2. Production, Use, Occurrence and Analysis
2.1 Production and Use
(a) Production
1,2-Epoxybutane has been prepared by the chlorohydrin process from I-butene (~-bu-

tene) and chlorie in water. The butylene chlorohydri produced is dehydrochloriated with
calcium hydroxide to yield 1,2-epoxybutane, with calcium chloride as a byproduct (Considine, 1974; Hine et al., 1981). A newer process based on the catalysed reaction of olefins with
hydroperoxides produces high yields of epoxides and the corresponding alcohols. 1,2-Epoxybutane is reported to be produced commercially by the epoxidation of 1-butene with peroxyacetie acid (Considine, 1974; Hoff et al., 1978).
It has been reported that 3.6 thousand tonnes of 1,2-epoxybutane were produced in the
USA in 1978 (National Toxicology Program, 1988). Data on production elsewhere in the
world were not available.
(b) Use

1,2~Epoxybutane is widely used as a stabilizer for chloriated hydrocrbn solvents.
More than 75% of 1,2-epoxyutane produced commercially is added to chlorie-cntaining

materils such as trichloroethylene to act as an acid-scvenger (Bine et al., 1981; National
Toxicology Program, 1988).

1

0c)

Calculated from:mg/m3 = (molecularweight/24.45) X ppm, assumingstandard temperature
(25

sure (760 mm Hg)

and pres-
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This compound is also used as a chemical intermediate for the production ofbutylene
glycols and their derivatives (plybutylene glycols, mixed poly glycols and glycol ethers and
esters), butanol-amines, sudace-active agents, and other products such as gasoline additives
(Hine et aL., 1981; Parmeggiani, 1983). It has been reported to be used as a corrosion inhibit-

ing additive (at 0.25-.5%) durig the preparation of viyl chloride and its copolymer resins
(Hoff et al., 1978).
(c) Regulatory status and guidelines

Standards for 1,2-epoxybutane have not been established by any countiy in the form of

regulations or guidelines. However, US manufacturers have recommended a voluntaiy
standard of 40 ppm (118 mg/m3) for an 8-h time-weighted average threshold limit value (Na-

tional Toxicology Program, 1988).
2.2 Occurrence
(a) Natural occurrence

1,2-Epoxybutane is not known to ocur naturally.
(b) Occupational expsure

On the basis of a US National Occupational Expsure Survey, the National Institute
for Occupational Safety and Health (1983) estimated that 47 90 workers were potentially

expsed to 1,2-epoxybutane in the USA in 1981-83. No data on levels of expsure to
1,2-epoxybutane were available to the Workig Group.
2.3 Analysis

ln a general method for epoxides, 1,2-epoxybutane was determined spectrophotometrically after adding a colour -forming reagent, 4-(pa-nitrobenzyl )pyrdine. Maxal absorbance is observed at 574 nm (Agarwal et al., 1979).

3. Biological Data Relevant to the Evaluation of

earcinogenic Risk to Humans
3.1 Carcinogenicity studies in animaIs

(a) Ination

Mouse: Groups of 50 male and 50 female B6C3Fl mice, seven to nine weeks old, were
expsed by inhalation to 0, 50 or 100 ppm (150 or 300 mg/m3) 1,2-epoxybutane (purity,

). 99% ) for 6 h per day on five days a week for 102 weeks. Survval was comparable in all
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groups of males (41/50, 45/50 and 33/50 mice kiled at termination) but was reduced in highdose females after week 86 (29/50,25/50 and 9/50 miee kiled at termination). A single squa-

mous-cell papiloma was found in the nasal cavity of a male receivig 100 ppm. Treatment-

related, non-neoplastic nasal changes included inammation, erosion, hyperplasia and
squamous metaplasia of the nasal epithelium and atrophy of the olfactoiy sensoiy epithelium at both dose levels (Dunnick et al., 1988; National Toxicology Program, 1988).

Rat: Groups of 50 male and 50 female Fischer 344/N rats, seven to nine weeks old, were
exposed by inhalation to 0, 200 or 40 ppm (60 or 120 mg/m3) 1,2-epoxybutane (purity,

? 99%) for 6 h per day on five days a week for 103 weeks. Survival at termination of the
for females in the

experient was 30/50, 18/50 and 23/50 for males and 32/50, 21/50 and 22/50

control, low-dose and high-dose groups, respectively. The incidences of papilaiy adenomas

of the nasal cavity were 7/50 (p .: 0.05, adjusted for differences in mortlity) for high-dose
males and 2/50 for high-dose females. No such tumour ocurred in controls or in animais
receivig the low dose. The historical background incidence of nasal papilaiy adenomas was
2/1977 (0.1 %) in male rats. The incidences of alveolar/bronchiolar carcinomas were 0/50,

1/50 and 4/49 for males and 1/50,0/49 and 0/50 for females in the control, low-dose and highdose groups; and those of alveolar/bronchiolar adenomas was Oi50, 1/50 and 1/49 for males
and 1/50, 0/49 and 1/50 for females, respectively. 1àken together, the incidence of alveolarl

bronchiolar adenomas and carcinomas in high-dose males was statistically significantly increased compared with that in con

trois (p .: 0.05, adjusted for mortality); moreover, a signifi-

cant positive trend was found for the incidence of adenomas and carcinomas combined (p .(
0.02; Cochrane- Aritage test). The historical background incidence of pulmonary alveolar/

trois in this
laboratoiy). The neoplasms of the nose and lungs did not cause early death of the animais.
Treatment-related, non-neoplastic changes in the nose included inammation, epithelial
hyperplasia and squamous metaplasia of the nasal epithelium and atrophy of the olfactory
bronchiolar tumours in male rats of this strain was 0.7% (2% for chamber con

sensoiy epithelium at both dose levels (Dunnick et al.,1988; National Toxicology Program,
1988).
(b) Sldn application

Mouse: A group of 30 female ICR/Ha mice, eight weeks old, received applications of
10% 1,2-epoxybutane(purity established by boiling-point: 62-6 °C) in acetone (reagent
grade) on shaved dorsa ski three times per week for 77 weeks. One control group of 40
female mice received applications of 100% acetone three times a week for 85 weeks, and 100

female mice served as untreated controls. Animais in both groups were kiled in week 85.

No visible ski reaction and rio tumour was observed in any of the groups (Van Duuren et al.,
1967).
(c) Combined exsure

Mouse: . Groups of 50 male and 50 female Swis ICR/Ha mice, five weeks of age, received 2400 mg/kg bw (males) or 180 mg/kg bw (females) corn oil (control), 240 or 180
mg/kg bw trichloroethylene or 240 or 180 mg/kg hw tJjchloroethylene containing 0.8%
1,2-epoxybutane (97.8% pure; used as a stabilizer) up to week 35, and then half of this dose,
containing 0.4% 1,2-epoxybutane, in corn oil by gavage five times per week from week 40 to
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week 69. The experient was terminated at week 106. Survval was reduced in both treated
groups, but did not differ between the two groups; at week 106, six male and three female
controls, no trichloroethylene-treated animal and one male and one female mouse treated
with trichloroethylene plus 1,2-epoxyutane were stil alive. Squamous-cell carcinomas of
the forestomach ocurred in 3/49 males (p = 0.029, age-adjusted) and 1/48 females treated
with trichloroethylene plus 1,2-epoxybutane. No such tumour ocurred in animais treated

with trichloroethylene alone or with corn oil. Two of the tumours in males metastasized to
the lung, liver or abdominal cavity. Hyperkeratosis of the forestomach was observed in
groupstreated with trichloroethylene and with trichloroethylene plus 1,2-epoxybutane (in-

cidence and severity unspecified) (Henschler et al., 1984). (Te Workig Group noted the
two-fold reduction in dose to treated animais due to toxicity.)
3.2 Other relevant data

(a) Exprimental systems

(i) Absorption, distribution, excretion an metabolism
When a single dose of 1.9 mmol (137 mg)/kg bw 1,2-epoxybutane was administered by
gavage to rabbits or of 2.5 mmol (180 mg)/kg bw to rats, 4% and II % of the dose, respectively,
was excreted in the urie as 2-hydroxybutyl mercapturic acid (James et al., 1968).
(ii) Toxic effects

The oral LDso of 1,2-epoxybutane in rats has been reported to be 1.4 ml/kg bw (1.17
g/kg bw) and the dermal LDso, 2.1 ml/kg bw (1. 76 g/kg bw ) (Weil et aL., 1963). Acute expsure

of rats to 400 ppm (11 800 mg/m3) 1,2-epoxybutane by inhalation for 4 h resulted in the

death of one of six animais; concentrations of 80 ppm (23 60 mg/m3) resulted in 100%
mortality (Smyth et al., 1962).
When rats received a single 4-h expsure to 50550 ppm (1475-19 320 mg/m3)
1,2-epoxybutane by inhalation, all animais expsed to 6550 ppm died durig the expsure
period, but no death ocurred in the other groups. Ocular discharge and dyspnoea were observed in males and females at 2050 and 6550 ppm (6050 and 19320 mg/m3) and eye irtation
at 1400 ppm (4130 mg/m3). Mice similarly exposed to 402050 ppm (120050 mg/m3)
1,2-epoxybutane exhibited the same toxic effects; all mice expsed to 2050 ppm, 4/5 males
and 4/5 females expsed to 1420 ppm and 1/5 males expsed to 40 ppm died during the

study. The 4 h-LCso for mice was calculated to be about 100 ppm (2950 mg/m3) (National
Toxicology Program, 1988).

Application of 1,2-epoxybutane to the eye of rabbits resulted in corneal injuiy (Weil et
aL., 1963).
Rats and mice were expsed by inhalation to 40, 80 or 160 ppm (1180, 2360 or 4720

mg/m3) 1,2-epoxybutane for 6 h per day on five days per week for two weeks. Ail mice in the
high-dose group had died by the third day of expsure; all rats exposed to this concentration

survved but had pronounced retardation of growth. Infammatoiy and degenerative
changes in the nasal mucosa, myeloid hyperplasia in bone marrow and elevated mean white

bloo-cell counts were found in high-dose male and female rats; focl corneal c10udiness
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was observed in high- and medium-dose rats. Similar toxic effects were observed in miee,
with the exception of haematological changes. ln a similar experient, expsure of miee and
rats to 75, 150 or 60 ppm (220, 44 or 1770 mg/m3) 1,2-epoxyutane for 13 weeks did not

result in treatment-related mortlity; slight growth retardation was observed in high-dose
female rats and mice. Infammatoiy and degenerative changes in the nasal mucosa were
observed in both species and myeloid hyperplasia in bone marrow in male rats only (Miler et
al.,

1981). Similar toxic effects were observed in rats and mice expsed for 6 h on five days per

week to 40 ppm (11801890 mg/m3) 1,2-epoxyutane for two weeks or to 5080 ppm
(148-2360 mg/m3) for 13 weeks (National Toxicology Program, 1988).
1,2-Epoxybutane alkylated deoxyguanosine at the N-7 position (Hemminki et al.,
1980).

(ii) Effects on reproduction an prenaal toxicity
Groups of 38-45 Wistar rats were expsed by inhalation to 0, 250 or 100 ppm (738 or
2950 mg/m3) 1,2-epoxyutane (:; 99% pure) for 7 h per day on five days per week durig a
three-week pregestational period, or for 7 h per day on days 1-19 of gestion, or were expsed

durig the combined pregestational and gestational period. Fetuses were examined by routine teratological techniques on day 21 of gestation. Exsure to the high dose prior to and

durig gestation was lethal to one of 42 females, and maternai boy weight gain was depressed in aU groups expsed to 100 ppm. Fetal growth and vibilty were not affected by
exposure to 1,2-epoxyutane, and there was no indication of dose-related malformations in

the offsprig (Sikov et al., 1981).
Groups of 24-9 New Zealand rabbits were expsed by inhalation to 0, 250 or 100 ppm

1,2-epoxybutane (:;99% pure) for 7 h per day on days 1-24 of gestion. Fetuses were examined by standard teratological techniques on day 30 of gestation. Expsure to 100 ppm

was lethal to 14/24 does and 250 ppm to 6/48 does; no effect on maternai boweight gain was
observed in survivors. An indication of decreased pregnancy rate at term was seen in the
high-dose group, but this may have been a result of differential toxicity in pregnant and nonpregnant females. Litter size appeared to be reduced, and embiyonic mortlity was in-_
creased in the high-dose group. Of the eight survvig fetuses at this expsure level, one was
stunted and had a hypplastic tail and unilateral renal agenesis (Sikov et al., 1981).
(iv) Genetic and related effects

The genetic activity of 1,2-epoxyutane has been reviewed (Ehrenberg & Hussain,
1981). It is a directly acting alkylating agent.
1,2-Epoxybutane has been shown to induce SOS repair activity in Salmonella typhimu-

rium TA1525/pSK1002 (Nakamura et al., .1987) and to produce differential kiling wnes in
various pol and rec proficient and deficient strains of Eschericma coli (Rosenkranz & Poirer,
1979; McCarroll et al., 1981). It produced streptomycin-resistant mutants in Klebsiella pneumoniae (Voogd et al., 1981; Knaap et al., 1982).
It was shown to be mutagenic to E. coli WP2 uvr A - in one study (McMahon et al., 1979)

but not in others (Dunkel et al., 1984). It gave positive results only in S. typmmurium basepair substituting strains (fA1535 and TAl(0), although frameshift tester strains were also
tested both in the presence and absence of an exogenous metabolic system (Chen et al., 1975;
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Rosenkranz & Speck, 1975; McCann et al., 1975; Speck & Rosenkrnz, 1976; Henschler et al.,

1977; De Flora, 1979; McMahon et al., 1979; Rosenkrnz & Poirer, 1979; De Flora, 1981;
Weinstein et al., 1981; de Meester et al., 1982, abstract; De Flora et al., 1984; Gervasi et al.,
1985; Canter et al., 1986; Hughes et al., 1987, abstract; Rosman et al., 1987; National Toxicolo-

gy Program, 1988). Negative results have been reported from four laboratories in five strains
(Dunkel et al., 1984), and Simmon (1979a) reported negative results in six strains.

1,2-Epoxyutane induced forward mutation in Schizosacchaomyces pomb PI (Migliore et al., 1982) and mitotic recombination in Sacchaomyces cerevisiae D3 (Simmon,
1979b). It was weaky mutagenic at the adenine locus in Neurospora crassa (Kolmark & Giles,
1955).

1,2-Epoxyutane induced sex-linked recessive lethal mutations (Kaap et al., 1982;
National Toxicology Program, 1988) and transloctions (National

in Drosophila melangaser after either feeding or injection.

Toxicology Program, 1988)

It produced no effect in the hepatoce rat priaiy culture/DNA repair test (Wiliams
et al., 1982) but did produce differential toxicity as measured by relative growth in repair-deficient Chinese hamster ovaiy cells (Roy

et al., 1984).

It was reported in an abstract that 1,2-epoxybutane induced mutation in L5178Y
TK + /- mouse lymphoma cells in the absence of an exogenous metabolic system (Myhr et aL.,

1981). ln the same system, Amacher et al. (1980) reported positive results with a dose-reponse in the absence of an exogenous metabolic system; McGregor et al. (1987), the National
Toxicology Program (1988), Mitchell et al. (1988) and Myhr and Caspaiy (1988) reported posi-

tive results both in the'presence and absence of an exogenous metabolic system. 1,2-Epoxybutane also gave weakly positive results for the induction of 6-thioguanine-resistant mutations in L5178Y mouse lymphoma cells (Kaap et al., 1982).
1,2-Epoxyutane induced chromosomal aberrations and sister chromatid exchange in
Chinese hamster ovaiy cells with and without an exogenous metabolic system (National Toxicology Program, 1988).
It induced morphological transformation of Syrn hamster embiyo cells (Penta, 1980;

Dunkel et al., 1981) and increased transformation in Rauscher murie leukaemia vIs-infected Fischer 344 rat embiyo cells (Pce & Mishra, 1980; Dunkel et aL., 1981). It did not

induce morphological transformation in Balb/3T3 ceUs (Dunkel et al., 1981).

(b) Huma
No data were available to the Workig Group.
3.3 Case reports and epidemiological studies of carcinogenicity to humans

No data were available to the Workig Group.
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4. Summary of Data Reported and Evaluation
4.1 Exposures

1,2-Epoxybutane is a sythetic organic liquid used priariy as a stabilizer for chlorinated hydrocrbon solvents. Other applications include its use as a chemical intermediate
and corrosion inhibitor. Measurements of ocupational expsure levels have not been reported.
4.2 Experimental carcinogenicity data
1,2-Epoxyutane was tested for carcinogenicity by inhalation expsure in one study in

mice and in one study in rats, producing nasal papilaiy adenomas in rats of both sexes and
pulmonaiy alveolarlbronchiolar tumours in male rats. It did not induce ski tumours when

tested by ski application in one study in mice. Oral administration of trichloroethylene containing 1,2-epoxybutane to mice induced squamous-cell carcinomas of the forestomach,
whereas administration of trichloroethylene alone did not.
4.3 Human carcinogenicity data

No data were available to the Workig Group.
4.4 Other relevant data

1,2-Epoxybutane caused inammatoiy and degenerative changes in the nasal mucosa
and myeloid hyperplasia in the bone marrow in rats and mice. It did not cause prenatal toxicity in rats or rabbits.
1,2-Epoxybutane induced morphological transformation in cultured animal cells. It
induced sister chromatid exchange, chromosomal aberrations and mutation in cultured animal cells, but did not induce DNA damage. It induced sex-linked recessive lethal mutations
and transloctions in Drosophila, mitotic recombination in yeast and mutation in yeast and

fungi. 1,2-Epoxybutane induced DNA damage and mutation in bacteria. (See Appendix 1.)
4.5 Evaluation 1

There is limited evidence for the carcinogenicity of 1,2-epoxyutane in experiental
animais.

lFor definitions of the italiciz tenus, see Preamble, pp. 27-30.
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No data were available from studies in humans on the carcinogenicity of 1,2-epoxybu-

tane.
Overall evaluation

1,2-Epoxyutane is not classifiahle as to its carcinogenicity to human (Group 3).
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