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PREFACE

The Office of Health and Environmental Assessment has prepared this
summary health assessment for use by the Office of Air Quality Planning and
Standards to support decision making regarding possible regulation of mono-
chloroethane as a hazardous air pollutant.

In the development of this document, the scientific Titerature has been
inventoried, key studies have been evaluated, and the summary and conclusions
have been prepared so that the chemical's toxicity and related characteristics
are qualitatively identified. Observed-effect levels and other measures of
dose-response relationships are discussed, where appropriate, so that the
nature of the adverse health responses is placed in perspective with observed
environmental Tlevels. The relevant literature for this document has been
reviewed through June 1986.

Any information regarding sources, emissions, ambient air concentrations,
and public exposure has been included only to give the reader a preliminary
indication of the potential presence of this substance in the ambient air.
While the available information is presented as accurately as possible, it is
acknowledged to be limited and dependent in many instances on assumption rather
than specific data. This information is not intended, nor should it be used,
to support any conclusions regarding risk to public health.
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1. SUMMARY AND CONCLUSIONS

Monochloroethane (C2H5C1, CAS No. 75-00-3, also referred to as chloro-
ethane or ethyl chloride) is a volatile monochloro derivative of ethane that is
present in the environment as a result of releases from anthropogenic sources.
It has been found in the atmosphere, in drinking water, in oyster tissue, and
in estuarine sediment samples.

Monochloroethane eénters the atmosphere in emissions from chemical produc-
tion and use, and municipal incinerators, as a result of its use as a chemical
solvent, and as a by-product from the combustion of various commercial products
(e.g., neoprene materials, polyvinyl chloride compositions, polyurethane rigid
foam, and creosote-treated wood). Annual losses into the atmosphere in the
United States have been estimated at 0.01 million tons, a level sufficiently
high to raise questions concerning the environmental and human health impacts
of such releases.

Monochloroethane has been identified in air samples taken at a number of
locations around the United States. Atmospheric concentrations as high as
1248 parts per trillion (ppt) have been measured in some urban areas. The
average atmospheric concentration, based on the combined data collected in
several field studies, was reported to be 96 ppt in samples from urban and
suburban areas and 18 ppt in samples from source-related areas. In one field
study, the public's exposure to monochloroethane through inhalation was
estimated to average from 2.4 to 13.5 ug/day.

The major atmospheric sink for monochloroethane is the troposphere, where
the primary degradation pathway involves reactions with the hydroxyl radical.
Laboratory studies indicate that the major oxidation products are carbon
dioxide, carbon monoxide, formaldehyde, formyl chloride, and acetyl chloride.
Formyl chloride, the principal carbon-chlorine product, may undergoc further
degradation in the atmosphere to form hydrogen chloride. The hydrogen chloride
is removed from the atmosphere by precipitation, and thus may contribute to
some degree to the acidification of surface waters.



Monochloroethane is unreactive towards 03. Photodissociation is not
expected to occur in the visible and near ultraviolet region of the spectrum.
Laboratory studies, however, indicate that photodegradation occurs at shorter
wavelengths. Ethylene and hydrogen are the major photodecomposition products
at wavelengths of <147 nm. Ethane, ethylene, vinyl chloride, and n-butane are
the major products produced at higher wavelengths. In a laboratory simulation
of conditions that might occur in urban atmospheres, formaldehyde and hydrogen
chloride were the major products formed when monochloroethane in air underwent
photochemical decomposition in the presence of nitrogen oxides.

Although monochloroethane is very volatile, its chemical reactivity, as
indicated by rate data for its reaction with hydroxyl radicals, is relatively
Tow, and on this basis, it is not expected to participate to any great extent
in photochemical smog formation. However, because laboratory studies indicate
that photochemical decomposition reactions result in the release of such
respiratory irritants as hydrogen chloride and formaldehyde, further evaluation
is needed to determine to what extent such reactions occur under natural
conditions.

The mean atmospheric residence times reported for monochloroethane, as
calculated from hydroxyl radical rate data, range from 0.04 to 0.4 years:
consequently, some regional and continental transport through the atmosphere
might be expected.

Because of its high volatility, the major route of exposure to monochloro-
ethane is inhalation. The compound is readily absorbed into the blood through
the lungs and rapidly eliminated in exhaled breath. Blood/air partition coeffi-
cients of 2.3 and 2.5 have been reported. Little information is available
concerning tissue distribution of absorbed monochloroethane. One study found
that the .highest levels were in perirenal fatty tissue. The log octanol/water
partition coefficient has been calculated to be 1.49 and 1.54, indicating a
relatively low potential for bioaccumulation. The available evidence suggests
that the compound undergoes only a limited amount of metabolic breakdown to
the expected by-products: acetaldehyde, acetic acid, and ethanol.

It has been suggested that because monochloroethane is not metabolized to
a great extent, and because it is rapidly eliminated, it is not likely to have
severe toxic effects on specific organ systems unless concentrations are
extremely high. Histopathological changes in lungs, liver, and kidney have



been observed in animals, but only at concentrations >20,000 ppm, and severe
toxic effects, such as hyperemia, edema, and hemorrhages in the internal
organs, brain, and lungs were produced only at concentrations above 40,000 ppm.

Humans exposed to monochloroethane have exhibited central nervous system
depression, headaches, dizziness, incoordination, inebriation, unconsciousness,
abdominal cramps, respiratory tract irritation, respiratory failure, cardiac
arrhythmias, cardiac arrest, skin irritation and freezing, allergic eczema, and
eye irritation. Studies have shown that exposure to 13,000 ppm (1.3 percent)
monochloroethane in air results in only a slight subjective feeling of intoxi-
cation after 17 min. Inhalation of 19,000 ppm produces weak analgesia within
12 minutes: 25,000 ppm produces slight incoordination after 15 min: and
33,600 ppm produces incoordination, cyanosis, and nausea after 8.5 min.
Respiratory arrest has been observed at a monochlorcethane concentration of
60,000 ppm. Concentrations producing acute toxic effects are several orders
of magnitude above the highest measured ambient level of monochloroethane
(1.25 ppm). In comparison, the current United States occupational exposure
standard for monochloroethane is 1000 ppm for an 8-hr time-weighted average.

No conclusive information was found concerning the subchronic and chronic
toxicity of monochloroethane to humans. One animal study indicated that expo-
sures for 4 hr per day for six months to air concentrations as low as 0.57 mg/L
(220 ppm) resulted in changes in liver function, decreased arterial blood pres-
sure, lowered phagocytic activity of leukocytes, lipid degenerative changes in
the liver, and some dystrophic changes in the lungs. However, these results
were disputed by several other subchronic and chronic studies in which there
was no evidence of histopathological lesions even at concentrations as high as
10,000 ppm.

Monochloroethane vapor was found to be mutagenic to various Salmonella
strains when tested with and without the addition of metabolic activation
systems. It was inactive in an in vitro cell transformation assay using BALB/
c-3T3 cells in the absence of exogenous metabolic activation. Based on the
in vitro mutagenic activity of monochloroethane (with and without metabolic
activation), and in view of the demonstrated carcinogenicity, DNA-protein
adduct-forming ability, and mutagenic activity of acetaldehyde, a predicted
metabolite of monochloroethane, there is suggestive evidence that monochloro-
ethane may have carcinogenic potential. However, there were no standard chronic
carcinogenicity studies found in the literature which report direct clinical,



epidemiological, or experimental evidence for monochlorcethane. According to
EPA cancer assessment guidelines, this compound should be considered to be in
Group D. NTP is currently preparing a technical report on a new inhalation
bioassay for this compound. The report is being internally peer reviewed by
NTP as of June 1988.

Monochloroethane was reported to be nonteratogenic in a recent study.
Detailed results of the study are not yet available. No other information was
found on the developmental or reproductive toxicity of the compound.

There is only limited information on the potential genotoxicity and terato-
genicity of the compound and no experimental data on carcinogenicity. A major
concern that has arisen relates to the known mutagenicity and carcinogenicity
of acetaldehyde, the predicted main metabolite of monochloroethane. Thus,
further understanding of the potential for long-term adverse health effects
may be dependent on the pharmacokinetics and degree of metabolism of
monochloroethane. _

Further study is also needed to determine to what degree the photochemical
oxidation products of monochloroethane (hydrogen chloride and formaldehyde)
contribute to the overall degradation of air quality, particularly in urban

v

areas where the concentrations are highest.



2. INTRODUCTION

The purpose of this review is to briefly summarize the available informa-
tion concerning the potential health effects associated with exposure to mono-
chioroethane (CAS No. 75-00-3). Available data on pharmacokinetics, acute and
chronic toxicity, teratogenicity, mutagenicity, and carcinogenicity are covered
in this report. Physical and chemical properties and air quality data, includ-
ing sources, distribution, fate, and ambient concentrations in the United
States, are also included to allow a preliminary evaluation of the effects of
monochloroethane on human health at ambient conditions commonly encountered by
the general public.

Monochloroethane (also referred to as chloroethane or ethyl chloride) is a
monochloro derivative of ethane with a molecular formula of C,HgC1 and a mole-
cular weight of 64.5. It is a colorless liquid with a burning taste and an
ether-1ike odor. It is very volatile and forms a gas at room temperature
(vapor pressure 900 to 1000 mm Hg at 20°C). The major physical and chemical
properties of monochloroethane are summarized in Table 2-1.

Monochloroethane is produced commercially by the free radical chlorination
of ethane, by the hydrochlorination of ethanol or ethylene, or by the action of
chlorine on ethylene in the presence of copper or iron chlorides (Fishbein,
1979a,b; Processes Research, Inc., 1972). About 90 to 95 percent of the mono-
chloroethane produced in the United States is made by the hydrochlorination of
ethylene (Morris and Tasto, 1979). In 1976, United States production of mono-
chloroethane was 670 million pounds (U.S. International Trade Commission, 1976,
as reported in National Institute of Occupational Safety and Health, 1978).
United States production of monochloroethane in 1984 was 290,232,000 pounds
(U.S. International Trade Commission, 1985). As listed by Hughes (1983), the
major manufacturers of monochloroethane in the United States are

Dow Chemical U.S.A., Freeport, TX
E.I. du Pont de Nemours & Company, Inc., Deepwater, NJ
Ethyl Corporation, Houston, TX
Hercules Incorporated, Hopewell, VA
PPG Industries, Incorporated, Lake Charles, LA
5
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Monochloroethane is used primarily in the production of tetraethyl lead
and ethylcellulose (Hughes, 1983). Small amounts may also be used in the
production of ethylbenzene, alkyl catalysts and pharmaceuticals, as local anes-
thetics, in aerosols, and as a dye vehicle (Hughes, 1983; Fishbein, 1979).
Although it has been reported to be useful as a solvent and refrigerant, it is
probably no longer used for such purposes (Hughes, 1983).

According to the National Institute of Occupational Safety and Health
(1878), monochloroethane is used in the following industries:

Medical and health services

Automotive dealers and service stations
Wholesale trade

Electric, gas and sanitary services
Machinery, except electrical

Special trade contractors

Fabricated metal products

Printing and publishing

Rubber and plastics products

Food and kindred products

Pre-1978 figure§ indicated that 113,000 workers were exposed to monoghloro-
ethane (SRI, 1978, as reported in the National Institute of Occupational Safety
and Health, 1978; Parker et al., 1979). The occupational exposure limit for
monochloroethane as adopted by the U.S. Occupational Safety and Health Admini-
stration is 1000 ppm (2600 pg/m3) for an 8-hr time-weighted average (TWA)
(Code of Federal Regulations, 1979). The OSHA IDLH level (immediately dangerous
to life or health) is 20,000 ppm. The occupational exposure limit in other
countries ranges from 100 to 1250 ppm (Interpational Labour Office, 1980). The
TLV-TWA adopted by the American Conference of Governmental Industrial Hygienists
(1985) (ACGIH) is also 1000 ppm. Although the ACGIH has a TLV-STEL (short-term
exposure 1limit) of 1250 ppm for monochloroethane, this standard is being
deleted by ACGIH, and in the absence of a specific TLV-STEL, the generic ACGIH
standard for excursion limits above the TLV-TWA would apply. This standard
states that "short-term exposures should exceed three times the TLV-TWA for no
more than a total of 30 minutes during the work day and under no circumstances
should they exceed five times the TLV-TWA," (American Conference of Governmental
Industrial Hygienists, 1985).

The U.S. Environmental Protection Agency has listed chlorinated ethanes,
thus including monochloroethane, as priority pollutants (Arbuckle and Vanderver,



1983). Monochloroethane has a production volume of approximately 180 x
1061bs/yr, is very volatile, and has been identified in air samples taken from
around the United States (see Section 3). In addition, it has been found in
drinking water (Kopfler et al., 1975), and in oyster tissue and sediment
samples taken from an estuarine locality (Ferrario et al., 1985). Because of
its occurrence in various environmental media, and particularly in urban
atmospheres, the potential exists for significant environmental and/or human
health effects.



3. AIR QUALITY AND ENVIRONMENTAL FATE

3.1 SOURCES

There are no known natural sources of monochlorocethane. The general
public 1is exposed to the compound as a result of losses from anthropogenic
sources (Singh et al., 1979). It has been found in emissions from chemical
manufacturing plants (Processes Research, Inc., 1972; Shamel et al., 1975),
and from municipal waste incinerators (Busso, 1971, as reported in Graedel,
1978). It may be lost to the atmosphere during its use as a chemical solvent
(U.S. Environmental Protection Agency, 1975a, as reported in Graedel, 1978).
It has also been identified as a combustion product of such materials as neo-
prene, polyvinyl chloride compositions, polyurethane rigid foam, and creosote-
treated wood (Hartstein and Forshey, 1974).

Singh et al. (1981) reported that 0.01 million tons (22 x 1061bs) of
monochloroethane are released into the atmosphere every year in the United
States. Processes Research, Inc. (1972) estimated that emissions during
production would average 32 to 42 pounds per ton of final product. Using
. pre-1975 data, Brown et al. (1975) reported that 1 percent, or 5.8 million
pounds per year, of the total United States production of monochloroethane
would be lost during production processes. In addition, it was reported that
5 percent, or 28.8 million pounds per year, went to nonintermediate dispersive
uses. The total release rate was therefore reported to be 34.6 million pounds
per year.

Monochloroethane can also enter the atmosphere as a result of evaporative
losses from the hydrosphere. The compound is released into aqueous environ-
mental media in industrial effluents. Perry et al. (1979) found it in 2 of
63 effluents from chemical manufacturing plants. Concentrations were below
10 pg/L. The evaporative half-1ife of monochloroethane from water was reported
by Dilling (1977) to be 23.1 min, indicating a relatively rapid transport to
the atmosphere. Half-lives of 16.8 and 21 min have also been reported (Neely,
1976).

10



Partitioning of monochloroethane between the atmosphere and hydrosphere
was calculated by Dilling (1982, 1977) from vapor pressure and water solubility
data using the following formula:

Cair _ 16.04 x P x M

Cwater Txs

H =

where:

partition coefficient
concentration

vapor pressure (mm Hg)
molecular weight
temperature (°Kelvin)
sotubility (mg/L)

Nn—XTOI
{1 1 | I F R T A

According to Dilling, a coefficient of 1.0 indicates that, in the absence
of degradation reactions, and with sufficient time and complete mixing, a
compound would be distributed almost entirely (>99 percent) to the atmosphere
(Di1ling, 1982). A compound with a partition coefficient of 0.01 would be
distributed to the thosphere in amounts >50 percent. Dilling (1977) reported
a partition coefficient of 0.46 for monochloroethane, indigating substantial
distribution to the atmosphere.

3.2 DISTRIBUTION

The major atmospheric sink for monochlorcethane is the troposphere, where
the primary degradation pathway involves reactions with the hydroxyl radical
(Singh et al., 1979). The amount entering the stratosphere has been estimated
to be approximately 0.6 percent of the amount released at ground level (Singh
et al., 1979).

Considering that the mean atmospheric residence times reported for mono-
chloroethane range from 0.04 to 0.4 years and the fact that air masses move
across the North American continent in about one week (Altshuller, 1980a), it
is possible that under certain conditions there would be some regional and
continental transport of monochloroethane through the atmosphere. Further
study is needed to determine the distribution patterns at various distances
from major source localities.

11



3.3 AMBIENT CONCENTRATIONS

The average global concentration of monochloroethane from dispersive
losses was computed to be about 0.5 ppt, and the average concentration in the
northern hemisphere was estimated to be about 1 ppt (Altshuller, 1980b). The
compound has been identified in air samples taken from various localities
around the United States, particularly in urban and industrial areas such as
Houston, TX, Baltimore, MD, Belle, WV, Edison, NJ, and the Los Angeles basin
(Pellizzari, 1977b; Pellizzari et al., 1976). In rural areas concentrations
are generally only a few ppt. The maximum reported atmospheric level was
1248 ppt in Houston, TX. Average and maximum levels reported for several
United States localities are given in Table 3-1.

TABLE 3-1. ATMOSPHERIC LEVELS OF MONOCHLOROETHANE

Concentration

(ppt) Locality Reference
<5 Rural Washington State Grimsrud and Rasmussen, 1975
510 Iberville Parish, LA Pellizzari, 1977a
227 (avg.) Houston, TX Singh et al., 1981
1248 (max.)
46 (avg.) St. Louis, MO Singh et al., 1981
182 (max.)
41 (avg.) Denver, CO Singh et al., 1981
125 (max.)
87 (avg.) Riverside, CA Singh et al., 1981
312 (max.)
110 (avg.) Staten Island, NY Singh et al., 1983
312 (max.)
86 (avg.) Pittsburgh, PA Singh et al., 1983
229 (max.) '
66 (avg.) Chicago, IL Singh et al., 1983
296 (max.)

s reported in Pellizzari et al. (1979).

12



3.3.1 Exposure levels

On the basis of measured ambient concentrations of monochloroethane,
averaged over 9 to 11 days (Table 3-1) during the summer of 1980, Singh et al.
(1981) calculated that the general public's exposure to the chemical through
inhalation would average 13.5 pg/day in Houston, TX, 2.7 upg/day in St. Louis,
MO, 2.4 pg/day in Denver, Co, and 5.1 pg/day in Riverside, CA. These doses
were calculated based on the breathing rate for a 70 kg man.

3.4 FATE

The U.S. Environmental Protection Agency (1975b) reported that monochloro-
ethane emitted to the atmosphere is relatively rapidly lost through photoche-
mical reactions. The following sections deal with the various types of these
reactions.

3.4.1 Reactions With -0OH Radicals

Although monochloroethane was reported to be relatively unreactive towards

hydroxyl radicals (Brown et al., 1975), this is now generally considered to be
the major mechanism accounting for the removal of the compound from the
atmosphere (Singh et al., 1979). The rate constants for the reaction have been

given as 2.57 x 10_13 cm3/mo1ecu1e'sec at 265°K (Singh et al., 1979), 3.9 x

10-13 cm3/molecu1e~sec at 296°K (Howard and Evenson, 1976) and 300°K (Guesten
et al., 1984), and 4.4 x 10" 23 cm/molecule-sec at 302.5°K (Butler et al.,
1978).

The half-1ife for the reaction with -OH was reported by Brown et al.
(1975) to be about one year. However, Howard and Evenson (1976) estimated that
the atmospheric lifetime of monochloroethane would be about 1 month, and other
studies have indicated that the mean atmospheric residence time would be
0.3 years (Singh et al., 1979), 0.4 years (Altshuller, 1980a,b), 0.2 or 0.6 yr
(for -OH concentrations of 6 X 105/cm3, and 2 X 105/cm3) (Snelson et al.,
1978), and 0.041 to 0.16 years (for -OH concentration of 2 x 106/cm3 to 5 x
105/cm>) (Dilling, 1982).

Altshuller (1980a) reported that a 1 percent depletion of monochloroethane
by -OH radicals would take 6.6 days in January and 0.4 days in July at 40° N
latitude. Altshuller also noted that the atmospheric depletion of organics by
reaction with °*OH radicals would vary with latitude due to higher concentra-

tions of -0OH radicals in the Tower latitudes.
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The 1ikely oxidation products resulting from hydroxyl radical attack on
monochloroethane and other chlorinated ethanes were identified by Spence and
Hanst (1978) in a laboratory study in which hydroxyl radical abstraction of
hydrogen from the chloroethane molecule was simulated by using chlorine atoms
to abstract the hydrogen. The chlorine atoms were generated by the UV photo-
dissociation of molecular chlorine. Monochloroethane and 1,1,1-trichloroethane
were the least reactive of the species studied. The oxidation products of
monochloroethane were carbon dioxide, carbon monoxide, formaldehyde, formyl
chloride, and acetyl chloride. Formyl chloride was the principal carbon-
chlorine product formed. Spence and Hanst (1978) noted that in the atmosphere
many of the chlorinated oxidation products would be further attacked to produce
hydrogen chloride, carbon dioxide, and carbon monoxide.

.
3.4.2 Reactions With Qzone
Brown et al. (1975) reported that monochloroethane was unreactive towards

03; the half-1ife for the reaction was given as 10 years.

3.4.3 Photodegradation
According to Callahan et al. (1979), photodissociation of monochloroethane

in the "terrestrial environment" would not be expected to occur since the com-
pound has no chromophores which absorb in the visible or near-ultraviolet
region of the spectrum. However, several laboratory studies have shown that
the compound undergoes photodegradation when subjected to shorter-wavelength
ultraviolet light. Ethylene was found to be the major decomposition product at
wavelengths of <147 nm (Ichimura et al., 1976; Tiernan and Hughes, 1968;
Cremieux and Herman, 1974). Shold and Ausloos (1979) reported that hydrogen,
in addition to ethylene, was a dominant decomposition product at such short
wavelengths. At slightly longer wavelengths the major products observed were
ethane, ethylene, vinyl chloride, and n-butane.

Under 1laboratory conditions, and in the presence of nitrogen oxides,
photochemical decomposition of monochloroethane in air resulted in the forma-
tion of formaldehyde and hydrogen chloride (Kanno et al., 1977).
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4. PHARMACOKINETICS

4.1 ABSORPTION

Because monochloroethane is highly volatile, the major route of exposure
is by inhalation. The compound is readily absorbed into the body through the
lungs (Konietzko, 1984). Adriani (1960) reported that at 38°C five volumes of
vapor dissolve in one volume of blood. According to Killian and Weese (1954,
as reported in Konietzko, 1984), approx®™nately 75 percent is bound to cell
constituents in the blood and 25 percent to the plasma. Buch and Buch (1980,
as reported in Konietzko, 1984) calculated that the Ostwald solubility
coefficient of monochloroethane in a blood/air system was 2.5: the oil1/blood
partition coefficient was 960. Similarly, Morgan et al. (1972) reported that
the partition coefficient in a blood serum/air system was 2.3, while that for
an olive oil/gas system was 26. The blood/air coefficient is relatively Tow
compared to that for other chlorinated ethanes, indicating that the compound
would be rapidly excreted (Morgan et al., 1972: Konietzko, 1984). The major
portion of an inhaled dose is eliminated unchanged in exhaled breath, but
minute traces may remain in the blood for some time (Adriani, 1960). Some of
the compound is also excreted in the urine, feces, and sweat (Adriani, 1960).

4.2 DISTRIBUTION AND TISSUE LEVELS

Adriani (1960) reported that monochloroethane had a high lipid solubility
(data not given): however, the octanol/water partition coefficient has been
calculated to be only 1.54 (Leo et al., 1971). The highest concentrations of
the compound have been found in perirenal fatty tissue and the Towest in
cerebrospinal fluid: the concentration in the brain was twice that in the blood
(Killian and Weése, 1954, as reported in Konietzko, 1984; no other data
reported). Adriani (1960) reported that the concentration of monochloroethane
in the blood was 20 mg/100 mL in cases of light anesthesia and 30 mg/100 mL in
cases of deep anesthesia. A blood level of 40 mg/100 mL was reported to be
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lethal. Monochloroethane was one of a number of halogenated organic compounds
found in samples of human milk collected from women residing in several United
States urban areas (Pellizzari et al., 1982).

4.3 METABOLISM

Van Dyke and Wineman (1971) evaluated the dechlorination of a number of
chloroethanes and chloropropanes, using hepatic microsome preparations from
rats. For most of the compounds studied, dechlorination appeared to be
achieved through an enzyme system similar in function to a mixed-function
oxidase system requiring oxygen and NADPH, but which was only slightly depen-
dent on, or not rate-limited by, cytochrome P-450. For monochloroethane,
enzymatic losses of chlorine amounted to less than 0.5 percent of the initial
amount of radiolabel used. It was reported, however, that some dechlorination
(not quantified) occurred in the absence of NADP, suggesting an alternate
pathway of metabolism or a nonenzymatic breakdown of the compound.

Loew et al. (1973) attempted to re]ate the extent of metabolism of a
series of chloroethanes with the molecular energy conformational or electronic
properties of the compounds. Electronic properties, particularly the electron
deficiency of the most electron-deficient carbon orbital were found to be
predictive of the extent of dechlorination. This indicated that the initial
rate determining step in the dechlorination process was a nucleophilic attack
at the carbon atom orbital. It was suggested that the carbon-chlorine bond is
cleaved and the chlorine displaced by an anion such as OH . The relatively Tow
level of enzymatic dechlorination of monochlorcethane was supported by these
calculations.

Loew et al. (1984) reviewed the available information on the metabolism of
a number of chloroethanes and noted that in most cases the initial oxidative
metabolites were found to be chlorophenols which then formed chloroaldehydes as
a result of Tloss of HCl. A similar metabolic pathway was suggested for mono-
chloroethane, with the predicted metabolic by-products of acetic acid and
ethanol (formed from acetaldehyde and monochloroethanol). Slight metabolic
conversion of monochloroethane to ethanol was reported by Elfskind (1929, as
reported in Konietzko, 1984), but only following high anesthetic doses.

By calculating the relative heat of reaction for the various metabolic
steps leading from the chloroethanes to the chloroacetaldehydes, Loew et al.
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(1984) found that the data indicated that the initial hydroxylation of chloro-
ethanes by the cytochrome P-450 system occurs by a radical oxene mechanism
through the intermediacy of aliphatic hydrocarbon radical formation. These
data were used to predict that the metabolism of monochloroethane would be
comparable to that for 1,1,1-trichloroethane, a compound which is not exten-

sively metabolized, compared to other chloroethanes.
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5. GENOTOXICITY AND CARCINOGENICITY

5.1 GENOTOXICITY

Riccio et al. (1983; see also Milman et al., 1984, as reported in MEDLARS
II [Cancerline] 1986) reported that monochloroethane vapor was found to be
mutagenic to various Salmonella strains when tested in desiccators both with
and without the addition of metabolic activation systems.

5.2 CARCINOGENICITY

According to Fishbein (1979a,b), no information was available as of 1979
concerning the potential carcinogenicity of monochloroethane. In recent com-
puterized searches of major bibliographic data bases (MEDLARS II, Chemical
Abstracts) covering the period from 1976 to 1986, no epidemiological, clinical,
or experimental studies on the potential carcinogenicity of monochloroethane
were found. Tu et al. (1985) reported that chloroethane was inactive in an
in vitro cell transformation assay using BALB/c-3T3 cells in the absence of an
exogenous metabolic activation system.

Loew et al. (1984) reviewed the available information on the carcinogeni-
city of a series of chloroethanes and compared the data with the observed and
predicted extent of metabolic conversion of the parent compounds to the sus-
pected active carcinogenic metabolites (i.e., aldehydes). Carcinogenicity was
found to be correlated to several electrophilic properties of the active
metabolites. Because of the low electrophilicity of acetaldehyde, the predicted
main intermediate metabolite of monochloroethane, it was predicted by Loew
et al. that monochloroethane would not be carcinogenic. However, several
laboratory studies have shown that acetaldehyde does induce carcinomas in the
nasal cavity and larynx of rodents (Feron et al., 1982; Woutersen et al.,
1984). There is also evidence that acetaldehyde is a weak mutagen in certain
in vitro genotoxicity assays (see Lam et al., 1986 for review), and that it
forms DNA-protein adducts in vitro and in vivo (Lam et al., 1986). As Lam
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et al. (1986) noted, the concentrations of acetaldehyde required for the forma-
tion of DNA-protein adducts and those producing carcinogenic effects in rodents
are also cytotoxic concentrations that cause considerable cellular degeneration,
stratified squamous metaplasia, and hyperplasia. These investigators were of
the opinion that both cytotoxicity and DNA - protein crosslink formation may
have been responsible for the observed carcinogenicity. In addition, they also
point out that the known tumor promoter peroxyacetic acid, a compound which
forms when acetaldehyde is exposed to air, may have also contributed to the
development of the nasal tumors.

Because acetaldehyde has been identified as a carcinogen in the aforemen-
tioned animal studies, and structure-activity relationships can be hypothesized
with other chlorinated ethanes that show carcinogenic activity, monochloroethane
might be viewed as having a potential to be carcinogen. There is however, no
presently available data to resolve the uncertainties regarding the presence or
lack of a carcinogenic potential. More specific information is needed on the
extent of metabolism of monochloroethane and on the nature of the carcinogenic
potential of acetaldehyde, a metabolite. Under the circumstances, the weight-
of-evidence for monochloroethane's carcinogenic potential is inadequate for
assessment. Using the EPA cancer assessment guidelines, a group D classifica-
tion is appropriate. )

NTP has recently tested ethyl chloride (monochloroethane) and is
presently peer reviewing the technical report prior to submitting the report
to the clearinghouse for final review. In this new bioassay, rats and mice
were exposed to ethyl chloride by inhalation. The technical report number
will be number 346 when it is made available. The carcinogenicity evaluation

should be updated when these new data are available.
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6. DEVELOPMENTAL AND REPRODUCTIVE TOXICITY

In a recent laboratory study monochloroethane was reported to be nonterato-
genic (detailed results are not available) (Submitting Company, 1986). No
other information was found on the developmental or reproductive toxicity of
the compound.

20



7. OTHER TOXIC EFFECTS

7.1 ACUTE TOXICITY
7.1.1 Humans

As summarized by Parker et al. (1979; see also NIOSH, 1978), specific
adverse effects reported in humans exposed to monochloroethane have included
central nervous system depression, headaches, dizziness, incoordination,
feeling inebriated, unconsciousness, abdominal cramps, respiratory tract
irritation, respiratory failure, cardiac arrhythmias, cardiac arrest, skin
irritation and freezing, allergic eczema, and eye irritation.

In the past, monochloroethane had been used as a general anesthetic
(Adriani, 1970). Von Qettingen (1958) reported that deaths due to cardiac or
respiratory failure were not uncommon fd]iowing such use. Anesthetic doses of
the compound result in cerebral cortex blocks, depression of respiration and
vasomotor control, an increase followed by a decrease in the heart rate, and a
reduction in blood pressure. Respiratory arrest has been observed at a mono-
chloroethane concentration of 60,000 ppm (Adrian, 1967, as reported in
Konietzko, 1984). Lawson (1965) suggested that monochloroethane affects the
heart by vagal stimulation and by direct myocardial depression.

The toxic effects of exposure to monochloroethane in humans were evaluated
by Davidson (1926) (see Table 7-1). Exposure to 13,000 ppm (1.3 percent)
monochloroethane in air resulted in only a slight subjective feeling of intoxi-
cation after 17 min. Inhalation of 19,000 ppm produced weak analgesia within
12 minutes: 25,000 ppm produced slight incoordination: and 33,600 ppm produced
incoordination, cyanosis, and nausea. There was an initial increase in reac-
tion times following all exposure levels.

Sayers et al. (1929) reported that two breaths of a 4 percent vapor caused
marked dizziness, an oily taste in the mouth, slight eye irritation, and a
cramplike effect on the stomach. Three or four breaths of a 2 percent vapor

caused dizziness and slight stomach cramps.
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TABLE 7-1. ACUTE TOXICITY OF MONOCHLOROETHANE VAPOR TG HUMANS

Concentration Exposure
(mg/L)  (ppm) period Effects
34.3 13,000 17 min Slight subjective symptoms of intoxication
50.4 19,000 1 min Initial signs of intoxication
12 min Slight analgesia
52.8 20,000 ..... After 4 inhalations, dizziness and slight
abdominal cramps
66.0 25,000 50 sec Initial signs of intoxication
15 min Slight incoordination
88.7 33,600 30 sec Initial signs of intoxication
5 min Incoordination
8.5 min Cyanosis, nausea
105.6 40,000 ..... After 2 inhalations, stupor, irritation

of eyes, and stomach cramps

Source: Adapted from Davidson (1926) and Lehmann and Flury (1943).

Eczematous reactions were observed in three individuals exposed to mono-
chloroethane (van Ketel, 1976). A1l three subjects, however, had also exhib-
ited severe allergic reactions when exposed to deodorant sprays and other
chemicals, such as trichloromonofluoromethane. Torkelson and Rowe (1981)
suggest that allergic reactions to monochloroethane are probably quite rare
except in highly sensitized individuals.

Konietzko (1984) states that because monochloroethane is not metabolized
to a great extent, and because it is rapidly eliminated, it is not likely to
have severe toxic effects on specific organ systems at low concentrations.

7.1.2 Animals-

Sayers et al. (1929) evaluated the acute toxicity of monochloroethane to
guinea pigs (see Table 7-2). Vapor concentrations of 23 percent (230,000 ppm)
for 8 min, 15.3 percent (153,000 ppm) for 30 min, 8 percent (80,000 ppm) for
90 min, and 4 percent (40,000 ppm) for 540 min caused some deaths. Histopatho-
logical changes in lungs, liver, and kidney occurred in some test animals. A
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TABLE 7-2. ACUTE TOXICITY OF MONOCHLORQOETHANE VAPOR TO GUINEA PIGS

Concentration Time
(%) (min) Effects
24.1 5 Loss of equilibrium: unconscious
23.2 10 Unconscious, 1 death
15.3 40 Some deaths in 30 to 39 min: some survived 40 min
12.7 90 Some deaths in 65 to 90 min
9.1 30 1 death in 1 day, lungs hemorrhagic and edematous,
lTiver and pancreas congested
8.0 90 A1l died in 1 to 3 days, histopathological
degeneration of lungs, liver, kidney, spleen
5.1 o 40 1 death in 2 days, lungs congested
4 122 A1l survived: abnormal breathing, loss of
equilibrium
270 A1l survived, slight congestion in lungs and
spleen
540 Some deaths in 45 min to 2 days
2 270 A1l survived
540 A1l survived, slight histopathological changes in
lungs, liver, pancreas, and kidneys in some
animals
1 810 A1l survived, no symptoms

Source: Adapted from Sayers et al. (1929).

concentration of 3.6 percent (36,000 ppm) was reported to be narcotic in rodents
(Frey, 1912; Konig, 1933, as reported in Konietzko, 1984). At concentrations
above 10 percent (100,000 ppm), all test animals were anesthetized (Elfskind,
1928, as reported in Konietzko, 1984). Nuckolls (1933) reported that guinea
pigs exposed to 2.0 to 2.5 percent (20,000 and 25,000 ppm) monochloroethane for
2 hr were unable to stand, had forced and irregular breathing, showed frequent
violent retching, and gradually became unconscious.

Troshina (1964, as reported in Biol. Abstr. 63:17017f) reported a 2-hr LC50
of 152 mg/L (57,600 ppm) for rats. Hyperemia of the internal organs, cerebral
edema, and hemmorrhages in the brain and lung were found in histological studies.
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In tests on dogs, Van Liere et al. (1966) found that high concentrations
of monochloroethane (levels not reported) caused a severe drop in blood pres-
sure and decreases in uterine motility and in muscle tonus.

Monochloroethane is an agent for sensitizing the heart to epinephrine
(Reinhardt et al., 1971). Dogs anesthetized with monochloroethane exhibited
cardiac irregularities when injected with epinephrine (Hermann and Vial, 1934;
Morris et al., 1953). Monochloroethane and other volatile anesthetics may
cause cardiac failure by permanently damaging myocardial ultrastructures
involved in excitation-contraction coupling (Doering, 1975).

When placed in the eye of a rabbit, monochloroethane produced corneal
opacity which was attributed to chemically induced epithelial damage (Vannas,
1954). When sprayed for 5 sec on the bared sclera in rabbit eyes, there was a
transient elevation in intraocular pressure followed by transient hypotony
(Puscariu and Cerkez, 1926).

7.2 SUBCHRONIC TOXICITY
7.2.1 Humans ,

Reversible cerebellar dysfunction was reported in one case of a 28-yr-old
woman who had used monochloroethane as a narcotic for several months (Hes
et al., 1979). The neurological signs included ataxia, nystagmus and scanning
dysarthria, dysdiadochokinesis of each arm, and sluggish Tower limb reflexes.
A sTight disturbance in liver function and hepatomegaly were also noted.

7.2.2 Animals

Troshina (1964, as reported in Biol. Abstr. 63:17017f) reported that in rats
repeated 2-hr exposures for 60 days to 14 mg/L (5300 ppm) monochloroethane
caused a decrease in phagocytic activity of leukocytes, lowered hippuric acid
formation in liver, and histopathological changes in the 1liver, brain, and
Tungs.

The National Toxicology Program (1981, as reported in Landry et al., 1982)
reported that 90-day inhalation exposures of rats and mice to 0, 2500, 5000,
10,000, or 19,000 ppm monochloroethane resulted in no identifiable histopatho-
logical changes. (The final report for the NTP study has not yet been pub-
lished).
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Landry et al. (1982) conducted a two-week long inhalation study evaluating
the toxic effects of monochloroethane on male and female Fischer 344 rats and
male beagle dogs. Exposures were for 6 hr per day, 5 days per week to 0, 1600,
4000, or 10,000 ppm monochioroethane. There were no treatment-related effects
on body weights, clinical chemistry, hematology, urinalysis, neurology (dogs
only), gross pathology, or histopathology. There was, however, a slight but
significant increase in liver-to-body weight ratios of male rats exposed to
4000 and 10,000 ppm. In separate 6-hr tests on male rats and male B6C3F1
mice, liver non-protein sulfhydryl concentrations (an indicatcr of potential
toxicity and/or biological reactivity) were slightly but significantly less
than control levels in rats and mice exposed to 4000 ppm and in rats exposed
to 10,000 ppm. This effect was not considered to be a sign of toxicity, but
rather an indication of "adaptive tissue reaction and detoxification
processes."

7.3 CHRONIC TOXICITY
7.3.1 Humans . .

Troshina (1966, as reported in Biol. Abstr. 64: 20506b) reported that some
workers occupationally exposed to monochloroethane exhibited some pathological
changes in the sympathetic nervous system and decreased phagocyte activity of
leukocytes. Shirokov (1976, as reported in MEDLARS II, 1986) reported that
women occupationally exposed to ethylenediamine and various chlorinated
hydrocarbons, including monochloroethane, exhibited gynecological abnormalities
such as inflammatory diseases of the cervix and uterine appendages, colpitis
(vaginitis), conditional anomalies of internal genitalia, and signs of genital
infantilism. No indication was given (in the MEDLARS abstract) as to whether
the study determined if the observed effects were due to exposure to all or only
some of the chemicals.

7.3.2 Animals

In a study conducted by Adams et al. (1939, as reported in Landry et al.,
1982), rats and rabbits exposed to 10,000 ppm monochloroethane for 5 days per
week for 6.5 months exhibited normal weight gains and showed no evidence of
histopathological lesions. In contrast, Troshina (1966, as reported in Biol.
Abstr. 64: 20506b) exposed rats for 4 hr per day to only 0.57 mg/L (220 ppm)
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monochloroethane for six months and found changes in liver function, decreased
arterial blood pressure, lowered phagocytic activity of leukocytes, lipid
degenerative changes in the liver, and some dystrophic changes in the lungs.

7.4 BIOCHEMICAL EFFECTS

Takano and Miyazaki (1982) reported that monochloroethane was one of four-
teen chlorinated ethanes and ethylenes that inhibited glutamate and malate
oxidation in rat mitochondria. O0f the compounds tested, monochloroethane
produced the lowest level of inhibition.

In a study conducted by Loprinzi and Verma (1984), topically applied mono-
chloroethane had a variable and unpredictable effect on 12-0-tetradecanoylphor-
bol-13-acetate (TPA)-induced ornithine decarboxylase activity in human skin.

26



8. REFERENCES

Adams, E. M.; Rowe, V. K.; Spencer, H. C. (1939) Experimental investigation of
the toxicity of ethyl chloride. The Dow Chemical Company. As reported in
Landry et al., 1982.

Adriani, J. (1970) The pharmacology of anesthetic drugs: a syllabus for stu-
dents & clinicians. 5th ed. Springfield, IL: Charles C. Thomas.

Alliance of American Insurers. (1980) Handbook of organic industrial solvents.
5th ed. (Technical guide no. 6).

Altshuller, A. P. (1980a) Comments on the lifetimes of organic molecules in air.
In: Proceedings of the conference on methyl chloroform and other halocarbon
poliutants; February 1979; Research Triangle Park, NC: U. S. Environmental
Protection Agency; pp. 1-1 to 1-10. EPA report no. EPA-600/9-80-003. Avail-
able from: NTIS, Springfield, VA; PB80-142433.

Altshuller, A. P. (1980b) Lifetimes of organic molecules in the trophosphere
and lower stratosphere. Adv. Environ. Sci. Technol. 10: 181-218.

American Conference of Governmental Industrial Hygienists. (1980) Ethyl chlor-
jde. In: Documentation of the threshold limit values. 4th ed. Cincinnati,
OH: American Conference of Governmental Industrial Hygienists, Inc.;
p. 178.

American Conference of Governmental Industrial Hygienists. (1985) TLVs: thres-
hold 1imit values for chemical substances in the work environment adopted
by ACGIH with intended changes for 1985-86. Cincinnati, OH: American
Conference of Governmental Industrial Hygienists.

Amoore, J. E.; Hautala, E. (1983) Odor as an aid to chemical safety: odor
thresholds compared with threshold limit values and volatilities for
214 dindustrial chemicals in air and water dilution. J. Appl. Toxicol.
3: 272-290.

Arbuckle, J. G.; Vanderver, T. A., Jr. (1983) Water pollution control. In:
Arbuckle, J. G.; Frick, G. W.; Hall, R. M., Jr.; Miller, M. L.; Sullivan,
T. F. P.; Vanderver, T. A., Jr. Environmental law handbook. Seventh
edition. Rockville, MD: Government Institutes, Inc.; pp. 81-142.

Boublik, T.; Fried, V.; Hala, E. (1984) The vapour pressures of pure substances:
selected values of the temperature dependence of the vapour pressures of
some pure substances in the normal and low pressure region. 2nd rev. ed.
New York, NY: Elsevier; pp. 1, 3, 5, 131. (Physical sciences data: 17).

27



Brodzinsky, R.; Singh, H. B. (1983) Volatile organic chemicals in the atmos-
phere: an assessment of available data. Research Triangle Park, NC:
U. S. Environmental Protection Agency, Environmental Sciences Research
Laboratory; EPA report no. EPA-600/3-83-027a. Available from NTIS,
Springfield, VA; PB83-195503.

Brown, S. L.; Chan, F. Y.; Jones, J. L.; Liu, D. H.; McCaleb, K. E.; Mill, T.;
Sapios, K. N.; Schendel, D. E. (1975) Research program on hazard priority
ranking of manufactured chemicals: phase II - final report. Washington,
DC: National Science Foundation; NSF report no. NSF-RA-E-75-190B. Available
from: NTIS, Springfield, VA; PB-263162.

Buch, H. P.; Buch, U. (1980) (Title not given). In: Forth, W.; Henschler, D.;
Rjummel, W., eds. Allgemeine und spezielle pharmakologie und toxikologie,
Zurich: Bibliograph. Inst. pp. 384. As reported in Konietzko, 1984.

Busso, R. H. (1971) Identification and determination of pollutants emitted by
the principal types of urban waste incinerator plants (final report).
Centre d Etudes et Reseraches des Charbonnages de France, Laboratoire
du CERCHAR, Creil, France, Contract 69-01-758, A.R. 144,

Butler, R.; Solomon, I. J.; Snelson, A. (1978) Rate constants for the reaction
of OH with halocarbons in the presence of O, + Ny . J. Air Pollut. Control
Assoc. 28: 1131-1133.

Callahan, M. A.; Slimak, M. W.; Gabel, N. W.; May, I. P.; Fowler, C. F. (1979)
Water-related environmental fate of 129 priority pollutants--a Titerature
search. Washington, BC: U. S. Environmental Protection Agency, Office of
Water Planning and Standards; EPA report no. EPA-440/4-79-029C.

Code of Federal Regulations. (1985) Toxic and hazardous substances: air contami-
nants. C. F. R. 29: § 1910.1000, subpart Z.

Cremieux, L.; Herman, J. A. (1974) Photolyse du chlorure d'ethyle gazeux
en-dessous et au-dessus du potentiel d'ionisation [Photolysis of gaseous
ethyl chloride below and above ionization potential]. Can. J. Chem.
52: 3098-3105.

Davidson, B. M. (1926) Studies of intoxication: v. the action of ethyl chloride.
J. Pharmacol. Exp. Ther. 26: 37-42. ‘

DIALOG [data base]. (1986) [Printout of record for monochloroethane from file
301, CHEMNAME]. Palo Alto, CA: DIALOG Information Services, Inc.

Dilling, W. L. (1977) Interphase transfer processes. II. Evaporation rates of
chloro methanes, ethanes, ethylenes, propanes, and propylenes from dilute
aqueous solutions. Comparisons with theoretical predictions. Environ. Sci.
Technol. 11: 405-409.

Dilling, W. L. (1982) Atmospheric environment. In: Conway, R. A., ed. Environ-

mental risk analysis for chemicals. New York, NY: Van Nostrand Reinhold;
pp. 154-197.

28



Doering, H. J. (1975) Reversible and irreversible forms of contractile failure
caused by disturbances by general anesthetics in myocardial ATP utiliza-
tion. In: Fleckenstein, A.; Dhalla, N. S., eds. Recent advances in studies
on cardiac structure and metabolism: v. 5, basic functions of cations in
myocardial activity. Baltimore, MD: University Park Press; pp. 395-403.

E1fskind, L. (1928) (Title not given). Bruns Beitr. Klin. Chir. 167: 251. As
reported in Konietzko, 1984.

Feron, V. J.; Kruysse, A.; Woutersen, R. A. (1982) Respiratory tract tumors
in hamsters exposed to acetaldehyde vapor alone or simultaneously to
benzo[a]pyrene or diethylnitrosamine. Eur. J. Cancer Clin. Oncol.
18: 13-31.

Ferrario, J. B.; Lawler, G. C.; Deleon, I. R.; Laseter, J. L. (1985) Volatile
organic po]]utants in b1ota and sed1ments of Lake Pontchartrain. Bull.
Environ. Contam. Toxicol. 34: 246-255.

Fishbein, L. (1979a) Potential halogenated industrial carcinogenic and muta-
genic chemicals: II. halogenated saturated hydrocarbons. Sci. Total
Environ. 11: 163-195.

Fishbein, L. (1979b) Ethyl chloride. In: Potential industrial carcinogens and
mutagens. New York, NY: Elsevier Scientific Publishing Company; p. 225.
(Studies in environmental science 4).

Frey, E. (1912) Die Chloraethylkonzentration im Blute des Warm- und Kaltblueters
bei Eintritt der Narkose [The narcotic concentration of ethyl chloride in
the blood of warm- and cold-blooded animals]. Biochem Z. 40: 29-35.

Graedel, T. E. (1978) Chemical compounds in the atmosphere. New York, NY:
Academic Press; pp. 323-344, 378-419.

Grant, W. M. (1974) Ethyl chloride. In: Toxicology of the eye: drugs, chemicals,
plants, venoms. 2nd ed. Springfield, IL: Charles C. Thomas; p. 474.

Grimsrud, E. P.; Rasmussen, R. A. (1975) Survey and analysis of halocarbons in
the atmosphere by gas chromatography-mass spectrometry. Atmos. Environ.
9: 1014-1017.

Guesten, H.; Klasinc, L.; Maric, D. (1984) Prediction of the abiotic degradabil-
ity of organic compounds in the troposphere. J. Atmos. Chem. 2: 83-93.

Hartstein, A. M.; Forshey, D. R. (1974) Coal mine combustion products:
neoprenes, polyvinyl chloride compositions, urethane foam, and wood.
Washington, DC: U. S. Department of the Interior, Bureau of Mines; report
of investigations 7977.

Hermann, H.; Vial, J. (1934) Syncope adrenalino-monochloroethanique [Adrenaline-
monochlorethane syncope]. C. R. Seances Soc. Biol. 117: 439-440.

Hes, J. P.; Cohn, D. F.; Streifler, M. (1979) Ethyl chloride sniffing and cere-

bellar dysfunction (case report). Isr. Ann. Psychiatry Relat. Discip.
17: 122-125.

29



Howard, C. J.; Evenson, K. M. (1976) Rate constants for the reactions of OH
with ethane and some halogen substituted ethanes at 296 K. J. Chem. Phys.
64: 4303-4306.

Hughes, C. S., comp. (1983) Ethyl chloride - U. S. salient statistics.
In: Chemical economics handbook. Menlo Park, CA: SRI International;
pp. 646.5030A-646.5030H.

Ichimura, T.; Kirk, A. W.; Kramer, G.; Tschuikow-Roux, E. (1976) Photolysis of
ethyl chloride (Freon 160) at 147 nm. J. Photochem. 6: 77-90.

International Labour Office., (1980) Occupational exposure limits for airborne
toxic substances. 2nd rev. ed. Geneva, Switzerland: International Labour
Office; pp. 110-111. (Occupational safety and health series no. 37).

Kanno, S.; Nojima, K.; Takahashi, K.; Iseki, H.; Takamori, S.; Takamatsu, K.
(1977) Studies on the photochemistry of aliphatic halogenated hydrocarbons
II: photochemical decomposition of vinyl chloride and ethyl chloride in
the presence of nitrogen oxides in air. Chemosphere 6: 509-514.

Killian, H.; Weese, H. (1954) Die Narkése. Stuttgart: Thieme. As reported in
Konietzko, 1984.

Konietzko, H. (1984) Chlorinated ethanes: sources, distribution, environmental
impact, and health effects. In: Saxena, J., ed. Hazard assessment of
chemicals: v. 3, current developments. New York, NY: Academic Press, Inc.;
pp. 401-448. '

Konig, R. (1933) (Titfe not given). Langenbecks Arch Chir 99: 147. As reported
in Konietzko, 1984.

Kopfler, F. C.; Melton, R. G.; Mullaney, J. L.; Tardiff, R. G. (1975) Human
exposure to water pollutants. In: Suffet, I. H., ed. Fate of pollutants
in the air and water environments: part. 2, chemical and biological fate
of pollutants in the environment. New York, NY: John Wiley & Sons;
pp. 419-433.

Lam, C.-W.; Casanova, M.; Heck, H. d'A. (1986) Decreased extractability of DNA
from proteins in the rat nasal mucosa after acetaldehyde exposure. Fundam.
Appl. Toxicol. 6: 541-550.

Landry, T. D.; Ayres, J. A.; Johnson, K. A.; Wall, J. M. (1982) Ethyl chloride:
a two-week inhalation toxicity study and effects on liver non-protein
sulfhydryl concentrations. Fundam. Appl. Toxicol. 2: 230-234.

Lawson, J. 1. M. (1965) Ethyl chloride. Br. J. Anaesth. 37: 667-670.

Lehmann, K. B.; Flury, F., eds. (1943) Ethyl chloride. In: Toxicology and
hygiene of 1industrial solvents. Baltimore, MD: Williams and Wilkins
Company; pp. 154-157.

Leo, A.; Hansch, C.; Elkins, D. (1971) Partition coefficients and their uses.
Chem. Rev. 71: 558.

30



Loew, G.; Trudell, J.; Motulsky, H. (1973) Quantum chemical studies of the
metabolism of a series of chlorinated ethane anesthetics. Mol. Pharmacol.
9: 152-162.

Loew, G. H.; Rebagliati, M.; Poulsen, M. (1984) Metabolism and relative carcino-
genic potency of chloroethanes: a quantum chemical structure-activity
study. Cancer Biochem. Biophys. 7: 109-132.

Loprinzi, C. L.; Verma, A. K. (1984) Effects of local anesthetics on phorbol
ester-inducead ornithine decarboxylase activity in mouse and human skin.
Anticancer Res. 4: 363-366.

Milman, H. A.; Mitoma, C.; Tyson, C., Riccio, E. S.; Sivak, A.; Tu, A. S.;
Williams, G. M.; Tong, C. (1984) Comparative pharmacokinetics/metabolism
carcinogenicity, and mutagenicity of chlorinated ethanes and ethylenes.
Presented at: International conference on organic solvent toxicity;
October; Stockholm, Sweden. As reported in MEDLARS II (Cancerline) 1986.

Morgan, A.; Black, A.; Belcher, D. R. (1972) Studies on the absorption of
halogenated hydrocarbons. and their excretion in breath using 32C1 tracer
techniques. Ann. Occup. Hyg. 15: 273-282.

Morris, T. E.; Tasto, W. D. (1979) Ethyl chloroide. In: Kirk-Othmer encyclopedia
of chemical technology: v. 5, caster o0il to chlorosulfuric acid. 3rd ed.
New York, NY: John Wiley & Sons; pp. 714-722.

Morris, L. E.; Noltensmeyer, M. H.; White, J. M., Jr.'(1953) Epinephrine-induced
cardiac.irregularities in the dog during anesthesia with trichloroethylene,
cyclopropane, ethy! chloride, and chloroform. Anesthesiology 14: 153-158.

National Institute for Occupational Safety and Health. (1978) Chloroethanes:
review of toxicity. Rockville, MD: U. S. Department of Health, Education,
and Welfare; DHEW (NIOSH) publication no. 78-181; NIOSH current intelli-
gence bulletin 27. Available from: NTIS, Springfield, VA; PB85-119196.

National Toxicology Program. (1981) Prechronic (90-day) test phase review for
ethyl chloride. Bethesda, MD: National Institutes of Health. As reported
in Landry et al. 1982. Not available for public distribution.

Neely, W. B. (1976) Predicting the flux of organics across the air/water inter-
face. In: Control of hazardous material spills: proceedings of the 3rd
national conference; April; New Orleans, LA. Bethesda MD: Information
Transfer, Inc.; pp. 197-200.

Nuckolls, A. H. (1933) Ethyl chloride. In: The comparative life, fire, and
explosion hazards of common refrigerants. Underwriters' Laboratories'
miscellaneous hazard no. 2375. Chicago, IL: Underwriters' Laboratories;
pp. 22, 46-47, 72-73, 106-109, 116-117.

Parker, J. C.; Casey, G. E.; Bahlman, L. J.; Leidel, N. A.; Rose, D.; Stein,

H. P.; Thomas, A. W.; Lane, J. M. (1979) Chlorethanes: review of toxicity.
Am. Ind. Hyg. Assoc. J. 40(3): A-46, A-48, A-50, A-52-A-60.

31



Patterson, J. W.; Kodukala, P. S. (1981) Biodegradation of hazardous organic
pollutants. Chem. Eng. Prog. 77: 48-55.

Pellizzari, E. D.; Bunch, J. E.; Berkley, R. E.; McRae, J. (1976) Determination
of trace hazardous organic vapor pollutants in ambient atmospheres by gas
chromatography/mass spectrometry/computer. Anal. Chem. 48: 803-807.

Pellizzari, E. D. (1977a) Identification and analysis of ambient air pollutants
using the combined techniques of gas chromatography and mass spectrometry/
computer. EPA Contract No. 68-02-2262, Quarterly Progress Report No. 1,
Dec., 1, 1976 - Feb., 28, 1977.

Pellizzari, E. D. (1977b) Analysis of organic air pollutants by gas chromato-
graphy and mass spectroscopy. Research Triangle Park, NC: U. S. Environ-
mental Protection Agency, Environmental Sciences Research Laboratory; EPA
report no. EPA-600/2-77-100. Available from: NTIS, Springfield, VA;
PB-269654.

Pellizzari, E. D.; Erickson, M. D.; Zweidinger, R. A. (1979) Formulation of a
preliminary assessment of halogenated organic compounds in man and environ-
mental media. Washington, DC: U. S. Environmental Protection Agency, Office
of Toxic Substances; pp. 72, 249; EPA report no. EPA-560/13-79-006. Avail-
able from: NTIS, Springfield, VA; PB80-112170.

Pellizzari, E. D.; Hartwell, T. D.; Harris, B. S. H., III.; Waddell, R. D.;
Whitaker, D. A.; Erickson, M. D. (1982) Purgeable organic compounds in
mother's milk. Bull. Environ. Contam., Toxicol. 28: 322-328.

Perry, D. L.; Chuang, C. C.; Jungclaus, G. A.; Warner, J. S. (1979) Identifica-
tion of organic compounds in industrial effluent discharges. Athens, GA:
U. S. Environmental Protection Agency, Environmental Research Laboratory;
p. 43; EPA report no. 600/4-79-016. Available from: NTIS, Springfield, VA,
PB-294794.

Pitt, M. J. (1982) A vapour hazard index for volatile chemicals. Chem. Ind.
(London) (20): 804-806.

Pitts, J. N., Jr.; Winer, A. M.; Darnall, K. R.; Lloyd, A. C.; Doyle, G. J.
(1977) Hydrocarbon reactivity and the role of hydrocarbons, oxides of
nitrogen, and aged smog in the production of photochemical oxidants. In:
Dimitrides, B., ed. International conference on photochemical oxidant
pollution and its control proceedings: v. II; September 1976; Raleigh, NC.
Raleigh, NC: U. S. Environmental Protection Agency, Environmental Sciences
Research Laboratory; pp. 687-704. EPA report no. EPA-600/3-77-001b. Avail-
able from: NTIS, Springfield, VA; PB-264233.

Processes Research, Inc. (1972) Air pollution from chlorination processes.
Research Triangle Park, NC: U. S. Environmental Protection Agency,
Office of Air Programs; EPA report no. APTD-1110. Available from NTIS,
Springfield, VA; PB-218048.

Puscariu, E.; Cerkez, V. (1926) Hypertonies. Hypotonies. Injections
sous-conjunctivales de pilocarpine. Faites experimentaux et cliniques
[Hypertonies. Hypertonies. Sub-conjuctivae injections of pilocarpine.
Experimental and clinical data]. Ann. Ocul. (Paris) 163: 484-506.

32



Reinhardt, C. F.; Azar, A.; Maxfield, M. E.; Smith, P. E., Jr.; Mullin, L. S.
(1971) Cardiac arrhythmias and aerosol "sniffing." Arch. Environ. Health
22: 265-279.

Riccio, E.; Griffin, A.; Mortelmans, K.; Milman, H. A. (1983) A comparative
mutagenicity study of volatile halogenated hydrocarbons using different
metabolic activation systems. Environ. Mutagen. 5: 472.

Sayers, R. R.; Yant, W. P.; Thomas, B. G. H.; Berger, L. B. (1929) Physiological
response attending exposure to vapors of methyl bromide, methyl chloride,
ethyl bromide, and ethyl chloride: report of the Bureau of Mines to the
National Research Council and the Dow Chemical Co. Public Health Bull.
185: 1-56.

Shamel, R. E.; 0'Neill, J. K.; Williams, R. (1975) Preliminary economic impact
assessment of possible regulatory action to control atmospheric emissions
of selected halocarbons. Cambridge, MA: Arthur D. Little, Inc.; EPA report
no. EPA-450-/3-75-073. As reported in Graedel, 1978. Available from: NTIS,
Springfield, VA; PB-247115.

Shen, T. T. (1982) Air quality assessment for land disposal of industrial
wastes. Environ. Manage. 6: 297-305.

Shirokov, 0. M. (1976) Ginekologicheskaya zabolevaemost' u rabotints, zanyatykh
na proizvodstve etilendiamina; nekotorykh khorirovannykh uglevodorov
[Gynecological morbidity in women engaged in the production of ethylene-
diamine and various chlorinated hydrocarbons]. Gig. Sanit. (7): 107-108.

Shold, D. M.; Ausloos, P. J. (1979) The photochemistry of ethyl chloride. J.
Photochem. 10: 237-249.

Singh, H. B.; Salas, L. J.; Shigeishi, H.; Smith, A. J.; Scribner, E.;
Cavanagh, L. A. (1979) Atmospheric distributions, sources and sinks of
selected halocarbons, hydrocarbons, SFg, and N,0. Research Triangle Park,
NC: U. S. Environmental Protection Agency, Environmental Sciences Labora-
tory; EPA report no. EPA-600/3-79-107. Available from: NTIS, Springfield,
VA; PB80-142706.

Singh, H. B.; Salas, L. J.; Smith, A.; Stiles, R.; Shigeishi, H. (1981) Atmos-
pheric measurements of selected hazardous organic chemicals: interim
report - 1980. Research Triangle Park, NC: U. S. Environmental Protection
Agency, Environmental Sciences Research Laboratory; EPA report no.
EPA-600/3-81-032. Available from: NTIS, Springfield, VA; PB81-200628.

Singh, H. B.; Salas, L. J.; Stiles, R.; Shigeishi, H. (1983) Measurements of
hazardous organic chemicals in the ambient atmosphere. Research Triangle
Park, NC: U. S. Environmental Protection Agency, Environmental Sciences
Research Laboratory; EPA report no. EPA-600/3-83-002. Available from:
NTIS, Springfield, VA; PB83-156935.

33



Singh, H. B.; Jaber, H. M.; Davenport, J. E. (1984) Reactivity/volatility
classification of selected organic chemicals: existing data. Research
Triangle Park, NC: U. S. Environmental Protection Agency, Environmental
Sciences Research Laboratory; EPA report no. EPA-600/3-84-082. Available
from: NTIS, Springfield, VA; PB84-232883.

Sittig, M. (1985) Handbook of toxic and hazardous chemicals and carcinogens.
2nd. ed. Park Ridge, NJ: Noyes Publications; pp. 417-418.

Snelson, A.; Butler, R.; Jarke, F. (1978) Study of removal processes for halo-
genated air pollutants. Research Triangle Park, NC: U. S. Environmental
Protection Agency, Environmental Sciences Research Laboratory ; EPA report
no. EPA-600/3-78-058. Available from: NTIS, Springfield, VA; PB-284056.

Spence, J. W.; Hanst, P. L. (1978) Oxidation of chlorinated ethanes. J. Air
Pollut. Control Assoc. 28: 250-253.

SRI International. (1978) Private correspondence to NIOSH. Menlo Park, CA: SRI
International (June 28, 1978).

Submitting Company. (1986) Confidential report submitted to the U. S. Environ-
mental Protection Agency, Washington, DC.

Takano, T.; Miyazaki, Y. (1982) Effect of chlorinatead ethanes and ethylenes on
electron transport in rat liver mitochondria. J. Toxicol. Sci. 7: 143-149.

Tatken, R. L.; Lewis, R. J., Sr., eds. (1983) Registry of toxic effects.of
chemical substances 1981-82: v. 2. 1981-1982 ed. Cincinnati, OH: U. S.
Department of Health, Education, and Welfare, National Institute for
Occupational Safety and Health; p. 220.

Tiernan, T. 0.; Hughes, B. M. (1968) Ionic reactions in ethyl chloride. In:
Radiation chemistry: v. II, gases, solids, organic liquids, an interna-
tional conference; August; Argonne, IL. Washington, DC: American Chemical
Society; pp. 412-440. (Advances in chemistry serijes 82).

Torkelson, T. R.; Rowe, V. K. (1981) Ethyl chloride. In: Clayton, G. D.;
Clayton, F. E., eds. Patty's industrial hygiene and toxicology: v. 2B,
toxicology. 3rd rev. ed. New York, NY: John Wiley & Sons; pp. 3480-3483,
3586-3589.

Troshina, M. M. (1964) Toxicology of ethyl chloride. Toksikol. Novykh. Prom.
Khim. Veshchestv. 6: 45-55. As reported in Biol. Abstr. 63: 17017f.

Troshina, M. M (1966) Determination of the maximum permissible concentration
of ethyl chloride in the atmosphere of the work premises. Gig. Tr. Prof.
Zabol. 10: 37-42. As reported in Biol. Abstr. 64: 20506b.

Tu, A. S.; Murray, T. A.; Hatch, K. M.; Sivak, A.; Milman, H. A. (1985) In

vitro transformation of BALB/c-3T3 cells by chlorinated ethanes and
ethylenes. Cancer Lett. 28: 85-92.

34



a XSl 4 SRATR] o

U. S. Environmental Protection Agency. (1975a) Guideline on use of reactivity
criteria in control of organic emissions for reduction of atmospheric
oxidants. Washington, DC: U. S. Environmental Protection Agency. [As
reported in Graedel, 1978].

U. S. Environmental Protection Agency. (1975b) Report on the problem of halo-
genated air pollutants and stratospheric ozone. Washington, DC: Environ-
mental Sciences Research Laboratory; EPA report no. EPA-600/9-75-008;
Available from: NTIS, Springfield, VA; PB-247699.

U. S. International Trade Commission. (1985) Synthetic organic chemicals:
United States production and sales, 1984. Washington, DC: p. 258; USITC
publication no. 1745.

Van Dyke, R. A.; Wineman, C. G. (1971) Enzymatic dechlorination: dechlorination
of chloroethanes and propanes in vitro. Biochem. Pharmacol. 20: 463-470.

van Ketel, W. G. (1976) Allergic contact dermatitis from propellants in
deodorant sprays in combination with allergy to ethyl chloride. Con%act
Dermatitis 2: 115-119.

Van Liere, E. J.; Mazzocco, T. R.; Northup, D. W. (1966) The effect of cyclo-
propane, trichlorethylene, and ethyl chloride on the uterus of the dog.
Am. J. Obstet. Gynecol. 94: 861-867.

Vannas, S. (1954) Experimental examinations of the freezing of.the anterior
parts of the eye for the purpose of operation. Acta Ophth. 32: 631-632.

Verschueren, K. (1983) Ethylchloride. In: Handbook of environmental data on
organic chemicals. 2nd. ed. New York, NY: Van Nostrand Reinhold Company;
p. 631.

Von QOettingen, W. F. (1958) Poisoning: a guide to clinical diagnosis and
treatment. 2nd ed. Philadephia, PA: W. B. Saunders Company; p. 355.

Weast, R. C.; Astle, M. J.; Beyer, W. H., eds. (1985) Physical constants of
organic compounds. In: CRC handbook of chemistry and physics: a ready-
reference book of chemical and physical data. 66th ed. Boca Raton, FL:
CRC Press, Inc.; p. C-264.

Weiss, G., ed. (1980) Ethyl chloride. In: Hazardous chemicals data book. Park
Ridge, NJ: Noyes Data Corporation; p. 423.

Windholz, M.; Budavari, S.; Blummetti, R. F.; Otterbein, E. S., eds. (1983)
Ethyl chloride. In: The Merck index: an encyclopedia of chemicals, drugs
and biologicals. 10th ed. Rahway, NJ: Merck & Co., Inc.; p. 548.

Woutersen, R. A.; Appelman, L. M.; Feron, V. J.; van der Heijden, C. A. (1984)

Inhalation toxicity of acetaldehyde in rats. II. Carcinogenicity study:
interim results after 15 months. Toxicology 31: 123-133.

35



+~a

T - 1
Region B, Lils,a I PR
o s - Rt ~“n
i P30 5 DeaTee S n Lo o O .
= N
Chic 7 i [V

TECHNICAL REPORT DATA )
(Piease read Instructions on the reverse before complening)

1. REPORT N 2 3, RECIPIENT'S ACCESSION NO.

600/8-88/080F

4. TITLE AND SUBTITLE 5. REPORT DATE
June 1998

Summary Review of Health Effects Associated with S ERFORMING ORGANIZATION CODE
Monochloroethane: Health Issue Assessment 600/23

7. AUTHOR(S)

ECAD-R-0091

"PERFORMING ORGANIZATION NAME AND ADDRESS - 10. PROGRAM ELEMENT NO.
Environmental Criteria and Assessment Office (MD-52) A101

. PERFORMING ORGANIZATION REPORT NO.

Office of Health and Environmental Assessment, ORD 71 CONTRACT/GRANT NO.
U.S. Environmental Protection Agency

Research Triangle Park, NC 27711 DW 8060220-01-0

12. SPONSORING AGENCY NAME AND ADDRESS

13. TYPE OF REPORT AND PERIOD COVERED

Office of Health and Environmental Assessment (RD-689) hrealield e
Office of Research and Development '
U.S. Environmental Protection Agency 600/21
Washington, DC 20460

15. SUPPLEMENTARY NOTES

16. ABSTRACT

Monochloroethane (ethyl chloride) is released into the environment
from anthropogenic sources and has been identified in air samples from
locations around the U.S. The major route of exposure is inhalation.
Histopathological changes in the lungs, liver and kidneys have been
observed in animals at concentrations >20,000 ppm. Severe toxic effects
were seen at concentrations >40,000 ppm. Humans exposed to high
concentrations exhibited CNS, cardiac, and respiratory effects. There
is no conclusive information about chronic toxicity of monochloroethane
to humans, and it is in EPA's Group D as to carcinogenicity.
Monochloroethane was found to be non-teratogenic in one animal study.

KEY WORDS AND DOCUMENT ANALYSIS

ja. DESCRIPTORS

b.IDENTIFIERS/OPEN ENDED TERMS |[c. CcOSAT! Field/Group

18. DISTRIBUTION STATEMENT

Release Unlimited

19. SECURITY CLASS (Thus Reporr)
Unclassified

21. NO. OF PAGES

Unclassified

20. SECURITY CLASS (This page 22. PRICE

EPA Form 2220-~1 (Rev. 4=77) PREVIOUS EDITION 18 OBSOLETE



