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1. PUBLIC HEALTH STATEMENT

1.1 WHAT IS 1,1,2-TRICHLOROETHANE

1,1,2-Trichloroethane is a colorless, sweet-smelling liquid that does
not burn easily and boils at a higher temperature than water. It is made
by two companies in the United States. It is used mostly where
l,l-dichloroethene (vinylidene chloride) is made. 1,1,2-Trichloroethane is
used as a solvent. Because information about how much is made and how it is
used is not available, we cannot say how much 1,1,2-trichloroethane is used,
where it is used, or in what products it is found. 1,1,2-Trichloroethane
may also be formed in landfills when 1,1,2,2-tetrachloroethane is broken
down. When it is released into the environment, most 1,1,2-trichloroethane
finally ends up in the air, but some may enter groundwater. Breakdown in
both the air and groundwater is slow. In the air, half the 1,1,2-trichloroethane
is expected to breakdown in 49 days and so it is  likely to spread far from where
it is released before breaking down. A few studies show that 1,1,2-trichloroethane
below the soil surface or in groundwater does not breakdown within 16 weeks, and
other studies suggest that it will last for years. Some studies show that
breakdown of 1,1,2- trichloroethane occurs in landfills, but how fast this happens
is not known. For more information, see Chapters 3, 4, and 5.

1.2 HOW MIGHT I BE EXPOSED TO 1,1,2-TRICHLOROETHANE?

Low levels of 1,1,2-trichloroethane may be found in outdoor air. The
main source of this 1,1,2-trichloroethane is thought to be industries that
use it as a solvent. Because the industries that produce 1,1,2-
trichloroethane or use it to make other chemicals often recycle or burn
their waste, releases of 1,1,2-trichloroethane by these industries should
not be major sources of pollution. From surveys of industrial wastewater,
we learn that some of the industries that discharge 1,1,2-trichloroethane
are the timber products industry, plastics and synthetics industry, and
laundries. Limited data show that 1,1,2-trichloroethane is present in a
quarter to a half of city air samples. Where 1,1,2-trichloroethane is
found, the samples tested usually contain 10 to 50 parts of 1,1,2-
trichloroethane per trillion parts of air (ppt). Though exposure to
contaminated drinking water taken from groundwater sources is possible, such
exposure appears to be rare. A nationwide survey did not find 1,1,2-
trichloroethane in drinking water, but well water in some areas has been
found to contain it. Surveys found 1,1,2-trichloroethane in well water in
Wisconsin, New Jersey, Rhode Island, and Suffolk County, New York. The
largest amount in these supplies was 31 parts of 1,1,2-trichloroethane per
one billion parts of water (ppb). 1,1,2-Trichloroethane has not been
reported in food or soil. Besides the air and drinking water sources,
people may be exposed to 1,1,2-trichloroethane from spills and in the
workplace, where it may be used as a solvent. Exposure would most likely be
from breathing vapors of the chemical or from skin contact. When a
chemical like 1,1,2-trichloroethane is utilized to make other chemicals, it
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is usually used in tightly closed automatic systems, so that workers are not
usually exposed to high levels of it. A national survey conducted in 1981-
1983 estimated that 1,036 workers were exposed to 1,1,2-trichloroethane.
1,1,2-Trichloroethane has been found thus far at 45 of 1177 hazardous waste
sites on the National Priorities List (NPL) in the United States. Landfill
gases from these sites may contain 1,1,2-trichloroethane. For more
information, please see Chapter 5.

1.3 HOW CAN l,l,2-TRICHLOROETHANE ENTER AND LEAVE MY BODY?

1,1,2-Trichloroethane can enter the body when a person breathes air
containing 1,1,2-trichloroethane, or when a person drinks water containing
this compound. It can also enter the body through the skin. After it
enters the body, it is carried by the blood to organs and tissues such as
the liver, kidney, brain, heart, spleen, and fat. Experiments in which animals
were given 1,1,2-trichloroethane by mouth have shown that most 1,1,2-
trichloroethane leaves the body unchanged in the breath and as other
substances that it was changed into in the urine in about 1 day. Very
little stays in the body more than 2 days. More information on how 1,1,2-
trichloroethane can enter and leave the body can be found in Chapter 2.

1.4 HOW CAN 1,1,2-TRICHLOROETHANE AFFECT MY HEALTH?

1,1,2-Trichloroethane can cause temporary stinging and burning pain on
the skin when humans touch it. There is no other information on the health
effects of 1,1,2-trichloroethane in humans. Most of what we know about the
health effects of this chemical comes from experiments in animals. As is
true with most chemicals, a large amount of 1,1,2-trichloroethane produces
more damage than a small amount. Short-term exposure to high levels of
1,1,2-trichloroethane in air or high doses given by mouth or applied to the
skin has caused death in animals. Long-term exposure of animals to high
doses given by mouth has also shortened the lifespan. These levels and
doses are much higher than would be found in the air, water, or food to
which humans might be exposed. Breathing high levels in air can affect the
nervous system and cause sleepiness. 1,1,2-Trichloroethane may also affect
the liver, kidney, and digestive tract, produce skin irritation, and affect
the body's ability to fight infections. Mice, but not rats, that were given
high doses of 1,1,2-trichloroethane by mouth for most of their life developed
liver cancer, but we do not know whether humans exposed to this
chemical would develop cancer. From the limited information available in
animals, it appears that 1,1,2-trichloroethane does not cause birth defects
or otherwise inhibit normal development. More information on the health
effects of 1,1,2-trichloroethane can be found in Chapter 2.

1.5 IS THERE A MEDICAL TEST TO DETERMINE WHETHER I HAVE BEEN EXPOSED TO
    1,1,2-TRICHLOROETHANE?

Although chemists have ways of measuring some chemicals in body fluids,
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there is no commonly used medical test to find out whether a person has been
exposed to 1,1,2-trichloroethane.

1.6 WHAT LEVELS OF EXPOSURE HAVE RESULTED IN HARMFUL HEALTH EFFECTS?

Tables l-l, l-2, l-3, and l-4 show the link between exposure to 1,1,2-
trichloroethane and known health effects. Tables 1-l and l-3 show that no
information is available on human health effects from breathing, eating, or
drinking 1,1,2-trichloroethane. Minimal Risk Levels (MRLs) are included in
Table l-3. These MRLs were derived from animal data for both short- and
long-term exposure, as described in Chapter 2 and in Table 2-2. The MRLs
provide a basis for comparison to levels which people might encounter
either in the air or in food or drinking water. If a person is exposed to
1,1,2-trichloroethane at an amount below the MRL, it is not expected that
harmful (noncancer) health effects will occur. Since these levels are based
on information that is currently available, there is always some uncertainty
associated with it. Also since the method for deriving MRLs does not use
any information about cancer, an MRL does not imply anything about the
presence, absence, or level of risk of cancer. In Table l-2, death is
reported to occur at levels that are less than or equal to the levels that
cause central nervous system depression and mild liver effects. However,
the period of exposure that produces death is longer. More information on
levels of exposure linked with harmful effects can be found in Chapter 2.

1.7 WHAT RECOMMENDATIONS HAS THE FEDERAL GOVERNMENT MADE TO PROTECT HUMAN
 HEALTH?

The Environmental Protection Agency (EPA) has allowed a limit of 0.6
µg/L (ppb) 1,1,2-trichloroethane in waters such as lakes and streams. The
EPA also requires industry to report discharges or spills of 100 or more
Pounds.

Levels of 1,1,2-trichloroethane allowed in the workplace are regulated
by the Occupational Safety and Health Administration (OSHA). The
occupational exposure limit is 10 parts of 1,1,2-trichloroethane per one
million parts of air (ppm) for an 8-hour workday, 40-hour workweek. More
information on government recommendations can be found in Chapter 7.

1.8 WHERE CAN I GET MORE INFORMATION?

If you have more questions or concerns, please contact your state
health or environmental department or:

Agency for Toxic Substances and Disease Registry
Division of Toxicology
1600 Clifton Road, E-29
Atlanta, Georgia 30333













9

2. HEALTH EFFECTS

2.1 INTRODUCTION

This chapter contains descriptions and evaluations of studies and
interpretation of data on the health effects associated with exposure to
1,1,2-trichloroethane. Its purpose is to present levels of significant
exposure for 1,1,2-trichloroethane based on toxicological studies,
epidemiological investigations, and environmental exposure data. This
information is presented to provide public health officials, physicians,
toxicologists, and other interested individuals and groups with (1) an
overall perspective of the toxicology of 1,1,2-trichloroethane and (2) a
depiction of significant exposure levels associated with various adverse
health effects.

2.2 DISCUSSION OF HEALTH EFFECTS BY ROUTE OF EXPOSURE

To help public health professionals address the needs of persons living
or working near hazardous waste sites, the data in this section are
organized first by route of exposure -- inhalation, oral and dermal -- and
then by health effect -- death, systemic, immunological, neurological,
developmental, reproductive, genotoxic, and carcinogenic effects. These
data are discussed in terms of three exposure periods -- acute,
intermediate, and chronic.

Levels of significant exposure for each exposure route and duration
(for which data exist) are presented in tables and illustrated in figures.
The points in the figures showing no-observed-adverse-effect levels (NOAELS)
or lowest-observed-adverse-effect levels (LOAELs) reflect the actual doses
(levels of exposure) used in the studies. LOAELs have been classified into
"less serious" or "serious" effects. These distinctions are intended to
help the users of the document identify the levels of exposure at which
adverse health effects start to appear, determine whether or not the
intensity of the effects varies with dose and/or duration, and place into
perspective the possible significance of these effects to human health.

The significance of the exposure levels shown on the tables and graphs
may differ depending on the user's perspective. For example, physicians
concerned with the interpretation of clinical findings in exposed persons or
with the identification of persons with the potential to develop such
disease may be interested in levels of exposure associated with "serious"
effects. Public health officials and project managers concerned with
response actions at Superfund sites may want information on levels of
exposure associated with more subtle effects in humans or animals (LOAEL) or
exposure levels below which no adverse effects (NOAEL) have been observed.
Estimates of levels posing minimal risk to humans (minimal risk levels,
MRLs) are of interest to health professionals and citizens alike.
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For certain chemicals, levels of exposure associated with carcinogenic
effects may be indicated in the figures. These levels reflect the actual
doses associated with the tumor incidences reported in the studies cited.
Because cancer effects could occur at lower exposure levels, the figures
also show estimated excess risks, ranging from a risk of one in 10,000 to
one in l0,000,000 (10-4 to 10-7), as developed by EPA.

Estimates of exposure posing minimal risk to humans (MRLs) have been
made, where data were believed reliable, for the most sensitive noncancer
endpoint for each exposure duration. MRLs include adjustments to reflect
human variability and, where appropriate, the uncertainty of extrapolating
from laboratory animal data to humans. Although methods have been
established to derive these levels (Barnes et al. 1987; EPA 1980c),
uncertainties are associated with the techniques.

2.2.1 Inhalation Exposure

Much of the data on the health effects of 1,1,2-trichloroethane
following inhalation exposure were taken from a limited, unpublished study
conducted by Dow Chemical Company. The original study was not available for
review, but a brief description of the results was reported by Torkelson and
Rowe (1981). This study is discussed below because in some cases,
comparable information was not available from other reports, and in other
cases, the levels of exposure associated with effects were noticeably
different from those reported in other studies. These data indicate that
the health effects of 1,1,2-trichloroethane might occur over a broader range of
exposure levels than data from other studies would suggest. Although these results
are discussed below, they are not included in Table 2-1 or plotted in Figure 2-1
as levels of significant exposure because the details of experimental methods and
results were not provided.

2.2.1.1 Death

No studies were located regarding death in humans following inhalation
exposure to 1,1,2-trichloroethane.

Mortality produced by inhalation of 1,1,2-trichloroethane has been
studied in animals. Three of 5 rats exposed to 2080 ppm of 1,1,2-
trichloroethane for 2 hours died within about 24 hours, but 5 rats exposed
to 890 ppm for 2 hours survived (Carlson 1973). Carpenter et al. (1949)
exposed rats to 1,1,2-trichloroethane vapor for 4 hours. They reported that
2-4/6 rats died within 14 days following exposure to 2000 ppm and 0-1/6 died
following exposure to 1000 ppm. The exact number of rats killed in each
treatment group was not reported. Because it was not explicitly stated that
no rats died following exposure to 1000 ppm, this concentration was not used
as a NOAEL. The LC50 of 1,1,2-trichloroethane in rats exposed for 6 hours
was 1654 ppm (Bonnet et al. 1980). During exposure, animals are first
excited and then somnolent. Most mortality occurred within 24 hours of
exposure, but some deaths were reported up to 8 days later. No macroscopic
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lesions in the lungs, liver, or kidneys were found at autopsy. More than
half of the test rats died following 7-hour exposure to 250 or 500 ppm of
1,1,2-trichloroethane, but no rats died following exposure to 100 ppm
[Unpublished data, Dow Chemical Co. (cited in Torkelson and Rowe 198l)].
The results of this study were not used as levels of significant exposure
because experimental methods and results were not described in sufficient
detail. In rats exposed to 1,1,2-trichloroethane for 8 hours, the LC50 was
999 ppm (Pozzani et al. 1959). These authors reported, in a later study,
that exposure to 500 ppm for 8 hours produced death in 4 out of 6 rats
within 14 days (Smyth et al. 1969).

In mice, 12,934 ppm of 1,1,2-trichloroethane was found to be the
minimum lethal concentration in a 2-hour exposure test (Lazarew 1929). The
animals lay down on their sides and lost control of their reflexes prior to
death. An LC50 value of 416 ppm was calculated in mice exposed for 6 hours
and observed for 14 days (Gradiski et al. 1978). In mice exposed to 3750
ppm of 1,1,2-trichloroethane, the LT50, or exposure duration that produced
mortality in one-half of the mice tested, was calculated to be 600 minutes
(Gehring 1968).

Only one study investigated the health effects of long-term inhalation
exposure to 1,1,2-trichloroethane. Exposure to 15 ppm of 1,1,2-
trichloroethane for 6 months did not increase mortality in rats, guinea
pigs, or rabbits [Unpublished data, Dow Chemical Co. (cited in Torkelson and
Rowe 1981)]. Values reported by this study are not included as levels of
significant exposure because experimental methods and results were not
described in sufficient detail.

The highest NOAEL values and all reliable LOAEL values for death in
each species are recorded in Table 2-1 and plotted in Figure 2-1. The
concentrations of 416 ppm (Gradiski et al. 1978) and 500 ppm (Smyth et al.
1969) in air are presented in Table 1-2.

2.2.1.2 Systemic Effects

Respiratory Effects. No studies were located regarding respiratory
effects in humans following inhalation exposure to 1,1,2-trichloroethane.

Only one study investigated the respiratory effects of 1,1,2-
trichloroethane inhalation in animals. Bonnet et al. (1980) macroscopically
examined the lungs of rats that survived a 6-hour exposure test from which
an LC50 of 1654 ppm was calculated. No lesions were found. This study was
not used as the basis of a NOAEL because histological examinations were not
performed, and gross observations alone are not sufficient to detect subtle
health effects.

Hepatic Effects. No studies were located regarding hepatic effects in
humans following inhalation exposure to 1,1,2-trichloroethane.
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Several studies examined the hepatotoxicity of inhaled 1,1,2-
trichloroethane vapor in animals. In rats, inhalation of 2080 ppm of 1,1,2-
trichloroethane for 2 hours resulted in a small, but significant, increase
in serum glutamic-pyruvic transaminase (SGPT) levels measured 22 hours after
exposure ended (Carlson 1973). This treatment did not affect serum
glutamic-oxaloacetic transaminase (SGOT), glucose-6-phosphatase, or liver
weight. There were no hepatic effects after exposure to 890 ppm in this
study. Macroscopic examination of rats that survived exposure to 250 ppm of
1,1,2-trichloroethane for 4 hours, and 250-500 ppm for 7 hours, revealed
necrosis and tissue damage in the liver [Unpublished data, Dow Chemical Co.
(cited in Torkelson and Rowe 1981)]. No macroscopic lesions were found in
the livers of rats that survived a 6-hour exposure test from which an LC50

of 1654 ppm was calculated (Bonnet et al. 1980). This study was not used as
the basis of a NOAEL because histological examinations were not performed,
and gross observations alone are not sufficient to detect subtle health
effects. The occurrence of hepatic effects at lower concentrations in the
Dow Chemical study than in other studies may be due to differences in
duration of exposure, endpoint examined, strain of rat used, or other
differences in experimental protocols.

Mice exposed to 800 ppm of 1,1,2-trichloroethane for 3 hours had
decreased adenosine triphosphate (ATP), increased liver triglycerides,
decreased plasma triglycerides, and increased SGPT (Takahara 1986c).
Recovery occurred within 20 hours for all parameters except SGPT, which
remained elevated. The ET50 for increased SGPT levels in mice exposed to
3750 ppm of 1,1,2-trichloroethane (duration of exposure that produced
increased SGPT levels in one-half of the exposed mice) was 17.5 minutes
(Gehring 1968). This was substantially shorter than the LT50 of 600 minutes
for lethality.

Minor fatty changes and cloudy swelling were found in the livers of
female rats exposed to 30 ppm of 1,1,2-trichloroethane for 16 days.
However, 6-month exposure to 15 ppm 1,1,2-trichloroethane did not have
histopathological effects on the liver in rats, guinea pigs, or rabbits
[Unpublished data, Dow Chemical Co. (cited in Torkelson and Rowe 1981)].

The highest NOAEL values and all reliable LOAEL values for hepatic
effects in each species are recorded in Table 2-1 and plotted in Figure 2-l.
Although increased SGPT is reported as a less serious effect, it is
suggestive of cell damage that can range from less serious to serious. The
study by Dow Chemical was not used as the basis of a NOAEL or LOAEL because
experimental details were not reported. The concentration of 800 ppm in air
(Takahara 1986c) is presented in Table 1-2.

Renal Effects. No studies were located regarding renal effects in
humans following inhalation exposure to 1,1,2-trichloroethane.

The renal effects of 1,1,2-trichloroethane have been studied in
animals. In the rat, inhalation of 250 ppm of 1,1,2-trichloroethane for 4
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hours produced kidney necrosis [Unpublished data, Dow Chemical Co. (cited in
Torkelson and Rowe 1981)]. Exposure to 250 or 500 ppm for 7 hours produced
marked kidney damage. This study was not used as the basis of a LOAEL
because experimental details were not reported. No macroscopic lesions were
found in the kidneys of rats that survived a 6-hour exposure test from which
an LC50 of 1654 ppm was calculated (Bonnet et al. 1980). This study was not
used as the basis of a NOAEL because histological examinations were not
performed, and gross observations alone are not sufficient to detect subtle
health effects.

In the only long-term study available, 6-month exposure to 15 ppm of
1,1,2-trichloroethane did not produce renal histopathological effects in
rats, guinea pigs, or rabbits [Unpublished data, Dow Chemical Co. (cited in
Torkelson and Rowe 1981)]. This study was not used as the basis of a NOAEL
because experimental details were not reported.

Other Systemic Effects. No studies were located regarding other
systemic effects in humans following inhalation exposure to 1,1,2-
trichloroethane.

One study examined the relationship between inhalation of 1,1,2-
trichloroethane and body weight in animals. Reduced body weight gain was
reported in rats following a 6-hour exposure test from which an LC50 of 1654
ppm was calculated (Bonnet et al. 1980). No level of significant exposure
was taken from this study because no data were presented in the paper.

2.2.1.3 Immunological Effects

No studies were located regarding immunological effects in humans or
animals following inhalation exposure to 1,1,2-trichloroethane.

2.2.1.4 Neurological Effects

No studies were located regarding neurological effects in humans
following inhalation exposure to 1,1,2-trichloroethane.

Studies in animals indicate that inhalation of 1,1,2-trichloroethane
may produce neurological effects. Exposure to 1654 ppm of 1,1,2-
trichloroethane for 6 hours produced excitation, followed by sleepiness, in
rats (Bonnet et al. 1980). Mice exposed to 1,1,2-trichloroethane vapor for
2 hours laid down on their sides at 1833 ppm, and lost control of their
reflexes at 2749 ppm. These concentrations are substantially lower than the
minimum lethal concentration of 12,934 ppm that was reported in this study,
which suggests that 1,1,2-trichloroethane exhibited increased central
nervous system depression in this study (Lazarew 1929). The ET50 for
anesthesia in mice exposed to 3750 ppm (duration of exposure that produced
anesthesia in one-half of the exposed mice) was 18 minutes (Gehring 1968).
This was substantially shorter than the LT50 of 600 minutes for lethality,
indicating significant CNS-depressant potency in this study. A 50%
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elevation in the threshold for pentylenetetrazol-induced seizures of CNS
function, occurred in mice after exposure to 418 ppm of 1,1,2-
trichloroethane for 4 hours (De Ceaurriz et al. 1981). This effect may
indicate depression of CNS function.

All reliable LOAEL values for neurological effects in each species are
recorded in Table 2-1 and plotted in Figure 2-1. The concentration of 418
ppm in air (De Ceaurriz et al. 1981) is presented in Table 2-2.

2.2.1.5 Developmental Effects

No studies were located regarding developmental effects in humans or
animals following inhalation exposure to 1,1,2-trichloroethane.

2.2.1.6 Reproductive Effects

No studies were located regarding reproductive effects in humans or
animals following inhalation exposure to 1,1,2-trichloroethane.

2.2.1.7 Genotoxic Effects

No studies were located regarding genotoxic effects in humans or
animals following inhalation exposure to 1,1,2-trichloroethane.

2.2.1.8 Cancer

No studies were located regarding cancer in humans or animals following
inhalation exposure to 1,1,2-trichloroethane. Because 1,1,2-trichloroethane
was carcinogenic to mice by the oral route in the NCI (1978) bioassay
(Section 2.2.2.8), it is assumed that it is carcinogenic by inhalation, and
the ql* for oral exposure was adopted as the ql* for inhalation (EPA
1988a).  The ql* was converted to a unit risk for inhalation of 1.6 x 10

-5

(µ/m3)-1, which is equivalent to 8.7 x 10-2 (ppm)-1. This unit risk
corresponds to upper bound individual lifetime cancer risks at 10-4 to 10-7

of 1 x 10-3 to 1 x 10-6 ppm, which are plotted in Figure 2-1.

2.2.2 Oral Exposure

2.2.2.1 Death

No studies were located regarding death in humans following oral
exposure to 1,1,2-trichloroethane.

Several reports indicate that 1,1,2-trichloroethane may be lethal to
animals. An LD50 of 837 mg/kg (0.58 mL/kg) was calculated for orally
administered, undiluted 1,1,2-trichloroethane in rats (Smyth et al. 1969).
Moody et al. (1981) reported no mortality among fasted rats given single
oral doses of 1,1,2-trichloroethane in mineral oil at 1080 mg/kg, but this
value was not used as a NOAEL because only deaths during the first 18 hours
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after administration were recorded, and only 3 rats were tested. In mice,
the oral LD50 of 1,1,2-trichloroethane administered by gavage in water was
reported to be 378 mg/kg for males and 491 mg/kg for females (White et al.
1985). The lower value of 378 mg/kg, which was obtained in the males, was
used in Table 2-2 and Figure 2-2. Necropsy of mice that died in this study
revealed hemorrhagic areas in the lungs and pale coloration of the liver,
which may also have been caused by hemorrhage. These effects may have
contributed to the death of these animals. The only dog given 1,1,2-
trichloroethane (vehicle not specified) at 722 mg/kg died, but all 5 that
received doses ranging from 144 to 433 mg/kg survived (Wright and Schaffer
1932).

Lethality was investigated in two short-term repeated-dose studies.
Oral doses of 1,1,2-trichloroethane given by gavage in water at 300 mg/kg,
repeated daily for 7 days, resulted in the death of all 7 mice tested
(Kallman et al. 1983). Doses up to 100 mg/kg/day did not produce death in
this study. Oral administration by gavage of 38 mg/kg/day in 10% Emulphor
for 14 days did not produce mortality in mice (White et al. 1985).

One long-term study investigated the effect of 1,1,2-trichloroethane on
animal survival. Mice were given daily oral doses of 1,1,2-trichloroethane
at 195 or 390 mg/kg in corn oil for 78 weeks (NCI 1978). Although male
survival was not affected, female survival was reduced in a dose-dependent
manner. A large number of the deaths in the female low dose group occurred
early in the experiment; these were not tumor-related and did not appear to
have a common cause. In rats, survival was not affected by oral
administration of doses of 1,1,2-trichloroethane at either 46 or 92
mg/kg/day for 78 weeks (NCI 1978). However, rat vehicle controls had
unusually high mortality in this study.

The highest NOAEL values and all reliable LOAEL values for death in
each species and duration category are recorded in Table 2-2 and plotted in
Figure 2-2. No short-term studies of 1,1,2-trichloroethane administered in
drinking water were located; therefore the dose level of 837 mg/kg/day,
which was administered by gavage undiluted (Smyth et al. 1969), and the dose
level of 378 mg/kg/day, which was administered by gavage in water (White et
al. 1985), were converted to equivalent concentrations, respectively, of
5980 and 1990 ppm in water for presentation in Table l-4. No long-term
studies of 1,1,2-trichloroethane administered in food were located;
therefore the dose level of 195 mg/kg/day, which was administered by gavage
in corn oil (NCI 1978), was converted to an equivalent concentration of 1500
ppm in food for presentation in Table l-4.

2.2.2.2 Systemic Effects

Respiratory Effects. No studies were located regarding respiratory
effects in humans following oral exposure to 1,1,2-trichloroethane.
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Respiratory effects have been studied in animals. Hemorrhagic areas
were found in the lungs of mice that died following gavage administration of
1,1,2-trichloroethane in water at 200 to 600 mg/kg (White et al. 1985).
This study was not used as the basis of a LOAEL because the effect was
reported only in mice that died as a result of exposure. Daily
administration of 1,1,2-trichloroethane by gavage in 10% Emulphor at
38 mg/kg for 14 days did not affect lung weight in the mouse (White et al.
1985). Consumption of 305 mg/kg/day by males and 384 mg/kg/day by females
in the drinking water for 90 days was also without effect on mouse lung
weight (White et al. 1985). These dose levels were not used as NOAEL values
because lung weight alone may not be an adequate endpoint to assess possible
tissue damage. However, organ weight changes, when they occur in
conjunction with other subtle effects, may indicate tissue damage.
Histopathological examination of respiratory organs and tissues using light
microscopy found no increase in the occurrence of non-neoplastic lesions
following 78 weeks of oral 1,1,2-trichloroethane administration in corn oil
at doses of 46 or 92 mg/kg/day in rats and 195 or 390 mg/kg/day in mice (NCI
1978). NOAEL values for respiratory effects derived from this study are
recorded in Table 2-2 and plotted in Figure 2-2.

Cardiovascular Effects. No studies were located regarding
cardiovascular effects in humans following oral exposure to 1,1,2-
trichloroethane.

One study of cardiovascular effects in animals was located.
Histopathological examination of cardiovascular tissues using light
microscopy found no increase in the occurrence of non-neoplastic lesions
following 78 weeks of oral 1,1,2-trichloroethane administration in corn oil
at doses of 46 or 92 mg/kg/day in rats and 195 or 390 mg/kg/day in mice (NCI
1978). NOAEL values for cardiovascular effects in each species are recorded
in Table 2-2 and plotted in Figure 2-2.

Gastrointestinal Effects. No studies were located regarding
gastrointestinal effects in humans following oral exposure to 1,1,2-
trichloroethane.

There is some evidence for adverse gastrointestinal effects in animals.
Mice that died following administration by gavage in water of single oral
doses of 1,1,2-trichloroethane above 200 mg/kg displayed a dose-related
increase in the incidence of gastric irritation until all animals were
affected at 500 mg/kg (White et al. 1985). This study was not used as the
basis of a LOAEL because the effect was reported only in mice that died as a
result of exposure. Mild inflammation and congestion of the
gastrointestinal tract, as well as nausea, were noted in a dog given oral
administration (vehicle not specified) of 144 mg/kg (Wright and Schaffer
1932). Severe irritation and hemorrhage were found in 2 of the 3 dogs given
doses of 433 or 722 mg/kg. Histopathological examination of
gastrointestinal organs and tissues by light microscopy revealed no increase
in the occurrence of non-neoplastic lesions following 78 weeks of oral
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1,1,2-trichloroethane administration by gavage in corn oil at doses of 46 or
92 mg/kg/day in rats and 195 or 390 mg/kg/day in mice (NCI 1978). The
highest NOAEL values and all reliable LOAEL values for gastrointestinal
effects in each species and duration category are recorded in Table 2-2 and
plotted in Figure 2-2.

Hematological Effects. No studies were located regarding hematological
effects in humans following oral exposure to 1,1,2-trichloroethane.

In animals, hematological effects were the subject of several studies.
No hematological effects were found after daily administration to mice of
1,1,2-trichloroethane by gavage in Emulphor at 38 mg/kg for 14 days (White
et al. 1985). No hematological effects were found in male mice exposed to
≤305 mg/kg/day in the drinking water for 90 days, but changes in
hematological parameters were recorded in females that received doses as low
as 3.9 mg/kg/day (White et al. 1985). These included mild decreases in
hematocrit and hemoglobin at 384 mg/kg/day, increases in platelets and
fibrinogen that were found in all groups, but were not dose-related, and
leukocytes that were elevated, compared to controls, in the high-dose group,
but which were only slightly higher than the historical control value in
this laboratory. There was also a decrease in prothrombin time that
appeared to be dose-related and became significant at 44 mg/kg/day. These
changes were not clearly adverse to the mice, so only a NOAEL was derived
from this study. Histopathological examination of spleen and bone marrow
using light microscopy found no increase in the occurrence of non-neoplastic
lesions following 78 weeks of oral 1,1,2-trichloroethane administration in
corn oil at doses of 46 or 92 mg/kg/day in rats and 195 or 390 mg/kg/day in
mice (NCI 1978). The NOAEL values for hematological effects in each species
and duration category are recorded in Table 2-2 and plotted in Figure 2-2.

Musculoskeletal Effects. No studies were located regarding
musculoskeletal effects in humans following oral exposure to 1,1,2-
trichloroethane.

Only one study investigated musculoskeletal effects in animals.
Histopathological examination of musculoskeletal tissues by light
microscopy revealed no increase in the occurrence of non-neoplastic lesions
following 78 weeks of oral 1,1,2-trichloroethane administration in corn oil
at doses of 46 or 92 mg/kg/day in rats and 195 or 390 mg/kg/day in mice (NCI
1978). NOAEL values for musculoskeletal effects in each species are
recorded in Table 2-2 and plotted in Figure 2-2.

Hepatic Effects. No studies were located regarding hepatic effects in
humans following oral exposure to 1,1,2-trichloroethane.

Necropsy of mice that died following single oral doses of 1,1,2-
trichloroethane by gavage in water at 200 to 600 mg/kg revealed pale
coloration of the liver (White et al. 1985). This study was not used as the
basis of a LOAEL because the effect was reported only in mice that died as a
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result of exposure. Dogs given 144 mg/kg or more had congestion, fatty
degeneration, edema, and the onset of necrosis in the liver (Wright and
Schaffer 1932). Massive liver necrosis occurred in 1 of the 3 dogs given
433 mg/kg or above. Tyson et al. (1983) found significant increases in SGOT
and SGPT following oral administration of 1,1,2-trichloroethane in corn oil
to rats. The ED50 for this effect was 60 mg/kg. Decreases in cytochrome P-
450, ALA-dehydratase, and glutathione levels occurred after administration
of 1080 mg/kg by gavage in mineral oil in rats (Moody et al. 1981, Moody and
Smuckler 1986). Increased relative liver weight and alterations in fatty
acid content of liver microsomes (increased oleic acid and decreased
arachidonic acid content) were also seen in this study, which was limited by
small sample size (Moody et al. 1981). Glucose-6-phosphate dehydrogenase
levels increased 195%, and NADH2-cytochrome c reductase levels decreased
33%, in rats administered 1,1,2-trichloroethane orally in liquid paraffin at
180 mg/kg/day for 7 days (Platt and Cockrill 1969). Liver weight,
microsomal and cell-sap protein concentrations, and levels of NADPH2-
cytochrome c reductase, aminopyrine demethylase, glucose-6-phosphatase,
lactate dehydrogenase, glutamate dehydrogenase, and 6-phosphogluconate
dehydrogenase were not significantly changed in this study. SGPT levels
were not affected by 14-day administration of 1,1,2-trichloroethane by
gavage in an aqueous Emulphor emulsion at 38 mg/kg/day in mice (White et al.
1985). In male mice exposed to 1,1,2-trichloroethane for 90 days in the
drinking water, liver glutathione decreased 16% following exposure to 46
mg/kg/day and 28% following exposure to 305 mg/kg/day; serum transaminase
levels were not significantly increased at either dose (White et al. 1985).
In the same study, female mice that received 384 mg/kg/day had a 13%
increase in liver glutathione and significantly elevated SGPT levels. SGOT
levels were increased in females exposed to 3.9 mg/kg/day and above, but
this was not considered to be a compound-related effect because no dosedependency
was established. The NOAEL for liver effects in this study was taken to be 4.4
mg/kg/day. Based on this value, which was rounded off to 4mg/kg/day, an
intermediate oral MRL of 0.04 mg/kg/day was calculated, as
described in the footnote in Table 2-2. This MRL has been converted to an
equivalent concentration in water (1.4 ppm) for presentation in Table 1-3.
No increase in the occurrence of non-neoplastic lesions in the liver was
found by light microscopic histopathological examination following 78 weeks
of oral 1,1,2-trichloroethane administration by gavage in corn oil at doses
of 92 mg/kg/day in rats and 390 mg/kg/day in mice (NCI 1978).

The highest NOAEL values and all reliable LOAEL values for hepatic
effects in each species and duration category are recorded in Table 2-2 and
plotted in Figure 2-2. No short-term studies of 1,1,2-trichloroethane
administered in food were located; therefore, the dose level of 60
mg/kg/day, which was administered by gavage in corn oil (Tyson et al. 1983),
was converted to an equivalent concentration of 1200 ppm in food for
presentation in Table 1-4. The dose of 46 mg/kg/day was calculated from an
administered concentration of 200 ppm in water (White et al. 1985). This
concentration is presented in Table 1-4.
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Renal Effects. No studies were located regarding renal effects in
humans following oral exposure to 1,1,2-trichloroethane.

There are some reports of renal toxicity in animals, although most
studies reported negative results. Cloudy swelling and congestion of the
kidney were found by histopathological examination in dogs given 1,1,2-
trichloroethane orally (vehicle not specified) at doses of 144 mg/kg or
above (Wright and Schaffer 1932). There was a significant, low-level
depression of in vitro organic ion uptake in renal cortical slices taken
from rats given single oral doses of 1,1,2-trichloroethane in corn oil at 72
to 505 mg/kg (Watrous and Plaa 1972a). There was no clear dose-response
relationship in this study, however. In mice administered 1,1,2-
trichloroethane at up to 2886 mg/kg, the results were more inconsistent,
with significant increases and decreases reported at various doses in
different trials (Watrous and Plaa 1972a). Consequently, this study was not
used as the source of a level of significant exposure in either species.
There were no significant changes in kidney weight or blood urea nitrogen,
an indicator of kidney function, in mice given 1,1,2-trichloroethane by
gavage in 10% Emulphor for 14 days at a dose of 38 mg/kg/day or in the
drinking water for 90 days at a dose of 305 mg/kg/day in males and 384
mg/kg/day in females (White et al. 1985). No increase in the occurrence of
non-neoplastic lesions was found in the kidney by light microscopic
histopathological examination following 78 weeks of oral 1,1,2-trichloroethane
administration in corn oil at doses of 92 mg/kg/day in rats and 390 mg/kg/day in
mice (NCI 1978). The highest NOAEL values and all reliable LOAEL values for renal
effects in each species and duration category are recorded in Table 2-2 and
plotted in Figure 2-2.

Dermal/Ocular Effects. No studies were located regarding dermal or
ocular effects in humans following oral exposure to 1,1,2-trichloroethane.

Only one study evaluated dermal or ocular effects in animals.
Histopathological examination of the skin and eye using light microscopy
found no increase in the occurrence of non-neoplastic lesions following 78
weeks of oral 1,1,2-trichloroethane administration in corn oil at doses of
46 or 92 mg/kg/day in rats and 195 or 390 mg/kg/day in mice (NCI 1978).
NOAEL values for dermal/ocular effects in each species are recorded in Table
2-2 and plotted in Figure 2-2.

Other Systemic Effects. No studies were located regarding other
systemic effects in humans following oral exposure to 1,1,2-trichloroethane.

The effect of 1,1,2-trichloroethane on body weight was investigated in
several reports. Moody et al. (1981) reported reduced body weight gain in
rats orally exposed to 1,1,2-trichloroethane in mineral oil at 1080 mg/kg,
but a LOAEL was not derived because no data were presented. Rats given 180
mg/kg/day in liquid paraffin for 7 days grew only 8% over the course of the
experiment, whereas control rats grew 34% (Platt and Cockrill 1969). Growth
was reduced approximately 60% in rats given 69 mg/kg/day by gavage in corn
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oil for 7 weeks (Story et al. 1986). In mice, body weight gain was not
significantly affected by gavage administration of 1,1,2-trichloroethane in
10% Emulphor at 38 mg/kg/day for 14 days (White et al. 1985). Kallman and
Kaempf (1984) reported that body growth in male mice was unchanged by go-day
exposure to 46 mg/kg/day in the drinking water. Exposure to 1,1,2-
trichloroethane in the drinking water for 90 days produced a concentration-
dependent reduction in weight gain in male mice that was significant at 305
mg/kg/day (White et al. 1985). Weight gain in female mice was not affected in this
study. When administered by gavage in corn oil, doses of 92 mg/kg/day in rats and
390 mg/kg/day in mice for 78 weeks (NCI 1978) did not inhibit body growth. The
highest NOAEL and all reliable LOAEL values for reduced growth in each species and
duration category are recorded in Table 2-2 and plotted in Figure 2-2. Some of the
variability in these results may be explained by differences in the vehicles and
animal strains used.

2.2.2.3 Immunological Effects

No studies were located regarding immunological effects in humans
following oral exposure to 1,1,2-trichloroethane.

Immunological effects in mice were studied by Sanders and co-workers
(Sanders et al. 1985, White et al. 1985). Oral administration of 1,1,2-
trichloroethane to male mice at gavage doses in 10% Emulphor up to 38 mg/kg
once a day for 14 days had no effect on humoral or cell-mediated immune
response to sheep red blood cells (Sanders et al. 1985). Humoral immune
response was measured by the number of IgM antibody forming cells produced
against sheep red blood cells in the spleen. Spleen and thymus weight were
not affected by treatment (White et al. 1985). A NOAEL of 38 mg/kg/day for
immunological effects in mice following acute oral exposure was derived from
this study.

In a longer-term study, mice were exposed to 1,1,2-trichloroethane in
the drinking water for 90 days (Sanders et al. 1985, White et al. 1985).
Males received doses of 4.4, 46, and 305 mg/kg/day and females received
doses of 3.9, 44, and 384 mg/kg/day. Humoral immune response was measured
by the number of IgM antibody forming cells produced against sheep red blood
cells in the spleen, hemagglutination titers, and spleen lymphocyte response
to lipopolysaccharide (Sanders et al. 1985). The number of antibody forming
cells in the spleen was not consistently affected by treatment. A
significant increase was obtained in females that received 384 mg/kg/day,
but only on day 4 following immunization and only when counted on a 106 cell
basis. Significant increases were also found by some measurements in low-dose
males, but high-dose males were not affected. Hemaglutination titers
exhibited a dose-dependent depression that was significant at 46 mg/kg/day
in males
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Cell-mediated immune response to sheep red blood cells was not affected
in any group tested by Sanders et al. (1985). Both delayed-type hypersensitivity
and popliteal lymph node proliferation responses were examined.  Other immune
responses were also evaluated. Peritoneal macrophages from males exposed to 305
mg/kg/day had a significantly depressed ability to phagocytize sheep red blood
cells. This effect was not found in females.  The functional activity of the fixed
macrophages of the reticuloendothelial system was altered in females exposed to
384 mg/kg/day, which had a 17% increase in vascular clearance of sheep red blood
cells, but not males.  Spleen weight was unchanged in most groups, but was
increased in females exposed to 384 mg/kg/day (White et al. 1985). Thymus weight
was not affected in any group.

On the basis of this study, 44 mg/kg was chosen as the LOAEL and 4.4
mg/kg/day as the NOAEL for immunological effects in oral studies of
intermediate duration. The dose of 44 mg/kg/day was calculated from an
administered concentration of 200 ppm in water by Sanders et al. (1985).
This concentration is presented in Table l-4.

No increase in the occurrence of non-neoplastic lesions was found in
organs and tissues of the immune system following 78 weeks of oral 1,1,2-
trichloroethane administration in corn oil at doses of 46 or 92 mg/kg/day in
rats and 195 or 390 mg/kg/day in mice (NCI 1978). This study involved
histopathological examination of the spleen, thymus, and lymph nodes using
light microscopy, but because specific tests for immunotoxicity were not
performed, NOAEL values were not derived.

2.2.2.4 Neurological Effects

No studies were located regarding neurological effects in humans
following oral exposure to 1,1,2-trichloroethane.

1,1,2-Trichloroethane has neurological effects in acutely exposed
animals. All mice given single oral doses of 1,1,2-trichloroethane at 450
mg/kg or more in water were sedated within 1 hour of administration (White
et al. 1985). The ED50 for motor impairment (dose that produced motor
impairment in one half of the test animals) in mice was 128 mg/kg
administered by gavage in water (Borzelleca 1983). The peak effect occurred
within 5 minutes of exposure. In dogs, doses of 1,1,2-trichloroethane at
289 to 722 mg/kg (vehicle not specified) produced drowsiness,
incoordination, and partial narcosis after 12 to 50 minutes (Wright and
Schaffer 1932).

Kallman et al. (1983) reported that 1,1,2-trichloroethane administered
by gavage in water produced a significant dose-related taste aversion to
saccharin in the drinking water. The NOAEL for this effect was 30 mg/kg and
the LOAEL was 100 mg/kg. An ED50 of 32 mg/kg was calculated. Mice did not
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display a taste aversion to 1,1,2-trichloroethane itself when 46 mg/kg/day
was added to the drinking water for 4 days (Kallman and Kaempf 1984).

Longer-term studies did not report neurological effects following oral
administration of 1,1,2-trichloroethane. Administration of 38 mg/kg/day in
10% Emulphor for 14 days did not affect brain weight in mice (White et al.
1985). Mouse brain weight was also unaffected by exposure to 305-384
mg/kg/day in the drinking water for 90 days (White et al. 1985). NOAEL
values were not derived from these studies because brain weight alone is
not an adequate endpoint to assess neurotoxicity. No effect on the occur-
rence of non-neoplastic lesions in nervous system organs and tissues
was found by histopathological examination using light microscopy following
78 weeks of oral 1,1,2-trichloroethane administration in corn oil at doses
of 46 or 92 mg/kg/day in rats and 195 or 390 mg/kg/day in mice (NCI 1978).
NOAEL values were not derived from this study because tests of nervous
system function were not included, and histopathology alone may not be an
adequate endpoint to assess neurotoxicity.

The highest NOAEL values and all reliable LOAEL values for neurological
effects in each species are recorded in Table 2-2 and plotted in Figure 2-2.
Effects were not reported by short-term studies of 1,1,2-trichloroethane in
drinking water; therefore, the dose levels of 100 mg/kg/day, resulting in
taste aversion (Kallman et al. 1983), and 128 mg/kg/day, resulting in motor
impairment (Borzelleca 1983), which were administered by gavage in water,
were converted to equivalent concentrations of 525 and 670 ppm, respectively,
for presentation in Table 1-4. Based on the NOAEL of 30mg/kg/day, an acute oral
MRL of 0.3 mg/kg/day was calculated as described in the footnote in Table 2-2.
This MRL has been converted to an equivalent NOAEL of 30 concentration in water
(10.5 ppm) for presentation in Table l-3.

2.2.2.5 Developmental Effects

No studies were located regarding developmental effects in humans
following oral exposure to 1,1,2-trichloroethane.

One study of the developmental effects of 1,1,2-trichloroethane in
animals was found. Pregnant female mice were orally administered 1,1,2-
trichloroethane in corn oil at 350 mg/kg/day on days 8 through 12 of
gestation (Seidenberg et al. 1986). The percent survival of neonates from
day 1 through day 3 was not affected by treatment, and neither was average
neonatal weight measured on days 1 and 3 post partum. A NOAEL for
developmental effects was not derived from this study because more explicit
developmental endpoints (eg the incidence of malformations) were not
investigated.

2.2.2.6 Reproductive Effects

No studies were located regarding reproductive effects in humans
following oral exposure to 1,1,2-trichloroethane.
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Studies of orally administered 1,1,2-trichloroethane did not report
significant reproductive effects in animals. Seidenberg et al. (1986) found
no effect on number of litters resorbed or average number of neonates per
litter in mice following oral administration of 350 mg/kg/day in corn oil on
days 8 through 12 of gestation. This was a minimally toxic dose expected to
produce significant maternal weight reduction and up to 10% maternal
mortality. Maternal body weight was not affected in this study, but some
maternal mortality did occur. A NOAEL of 350 mg/kg/day derived from this
study is recorded in Table 2-2 and plotted in Figure 2-2. Testis weight in
mice was not affected when 1,1,2-trichloroethane was administered by gavage
in 10% Emulphor for 14 days at a dose of 38 mg/kg/day (White et al. 1985).
Exposure to 46 mg/kg/day or above in the drinking water for 90 days produced
a significant increase in relative, but not absolute, testis weight in mice
(White et al. 1985). NOAEL and LOAEL values were not derived from these
studies, however, because testes weight alone may not be an adequate
endpoint to assess reproductive toxicity. Also, changes in testis weight
are not necessarily associated with reproductive dysfunction. No effect on
the occurrence of non-neoplastic lesions in structures of the reproductive
system was found by histopathological examination using light microscopy
following 78 weeks of oral 1,1,2-trichloroethane administration in corn oil
at doses of 46 or 92 mg/kg/day in rats and 195 or 390 mg/kg/day in mice (NCI
1978). NOAEL values were not derived from this study because tests of
reproductive function were not included and histopathology alone may not be
an adequate endpoint to assess reproductive toxicity.

2.2.2.7 Genotoxic Effects

No studies were located regarding genotoxic effects in humans or
animals following oral exposure to 1,1,2-trichloroethane.

2.2.2.8 Cancer

No studies were located regarding cancer in humans following oral
exposure to 1,1,2-trichloroethane.

One study of cancer in animals orally exposed to 1,1,2-trichloroethane
was located. There was no significant increase in the occurrence of
neoplasms in Osbourne-Mendel rats of either sex following 78 weeks of oral
1,1,2-trichloroethane administration in corn oil at doses of 46 or 92
mg/kg/day (NCI 1978). In B6C3Fl mice, there was a highly significant dose-
related increase in the incidence of hepatocellular carcinomas in both males and
females following 78 weeks of oral administration in corn oil at doses of 195 or
390 mg/kg/day (NCI 1978). These carcinomas were found in 10
percent of untreated control males, 12 percent of vehicle control males, 37
percent of low-dose males, and 76 percent of high-dose males; they were
found in 10 percent of untreated control females, 0% of vehicle control
females, 33% of low-dose females, and 89% of high-dose females. In
addition, there was a significant increase in the occurrence of adrenal
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pheochromocytomas in mice of both sexes at 390 mg/kg/day. These lesions,
not found in the control or low-dose groups, had an incidence of 17 percent
in high-dose males and 28 percent in high-dose females. The value of this
study is limited by its relatively short duration of 78 weeks and its
conduct before the implementation of Good Laboratory Practices (GLP). A
Cancer Effect Level (CEL) of 195 mg/kg/day is recorded in Table 2-2 and
plotted in Figure 2-2. A ql* of 5.73 x 10-2 (mg/kg/day)-1 was calculated
for 1,1,2-trichloroethane based on the incidence of hepatocellular carcinoma
in male mice (EPA 1980, 1988a). This q1* was used to calculate upper bound
individual lifetime cancer risks at 10-4 to 10-7 risk levels of 1.8 x 10-3

to 1.8 x l0-6 mg/kg/day, which are plotted in Figure 2-2.

2.2.3 Dermal Exposure

2.2.3.1 Death

No studies were located regarding death in humans following dermal
exposure to 1,1,2-trichloroethane.

Dermally applied 1,1,2-trichloroethane has been reported to cause death
in animals. A single dermal application of 116 mg/cm2 (0.25 mL applied to a
3.1 cm2 area of the back) was allowed to remain on the skin of guinea pigs
until it disappeared (5 to 7 days). This treatment resulted in the death of
25% of the guinea pigs tested within 28 days (Wahlberg 1976). Doses of 233
and 931 mg/cm2 killed all tested animals within 3 days in this study. A
dose of 116 mg/cm2 is, therefore, indicated as a LOAEL in Table 2-3 and
Figure 2-3 for acute dermal exposure to 1,1,2-trichloroethane in guinea
pigs. A dermal LD50 of 3.73 mL/kg (see Table 2-3) was reported for rabbits
(Smyth et al. 1969). This value could not be plotted in Figure 2-3 because
it was not reported in per-area units.

2.2.3.2 Systemic Effects

Hepatic Effects. No studies were located regarding hepatic effects in
humans following dermal exposure to 1,1,2-trichloroethane.

One study investigated the hepatotoxicity of dermally applied 1,1,2-
trichloroethane in animals. Guinea pig liver glycogen content was reduced
within 2 hours following dermal application of 1 mL of 1,1,2-trichloroethane
to a 3.1 cm2 area of the back (465 mg/cm2) (Kronevi et al. 1977). Hydropic
changes in the liver were also found. These effects may not have been
compound-related, however, since they were found in animals killed under
anesthesia produced by pentobarbital, but not unanesthetized animals.
Untreated controls were not used in this study. The authors suggest that
these liver effects may be due to an interaction between 1,1,2-
trichloroethane and pentobarbital. This possibility is discussed further in
Section 2.7.
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Renal Effects. No studies were located regarding renal effects in
humans following dermal exposure to 1,1,2-trichloroethane.

The renal effects of dermally applied 1,1,2-trichloroethane in animals
were examined in one study. No histopathological changes were found in the
kidneys of guinea pigs 2, 6, or 12 hours after dermal application of 1,1,2-
trichloroethane at 465 mg/cm2 (Kronevi et al.mg/cm21977). The NOAEL of 465 is
presented in Table 2-3 and plotted in Figure 2-3.

Dermal/Ocular Effects. The effect of 1,1,2-trichloroethane on the
human skin was the subject of several reports. A human subject given 5
minute dermal exposure to 1,1,2-trichloroethane under occlusion at 698
mg/cm2 (1.5 mL on 3.1 cm2 of the forearm) reported stinging and burning
sensations and displayed transient whitening of the skin (Wahlberg 1984a).
A small, immediate increase in blood flow was measured by laser Doppler
flowmetry, but no visible erythema was present. The acute human LOAEL was
taken to be 698 mg/cm2 on the basis of this report (see Table 2-3 and Figure
2-3). In general, use of a cover disk markedly enhances the percutaneous
absorption and dermal irritant properties of volatile organic chemicals,
which would usually evaporate from the skin's surface. In an open test on
the same subject, in which 0.1 mL of 1,1,2-trichloroethane was applied to
the skin without a cover disc, there was no effect on blood flow and no
visible erythema was found (Wahlberg 1984a). A volunteer given daily open
application of 0.1 mL of 1,1,2-trichloroethane for 15 days did not have any
visible skin reactions, nor was there any increase in skin-fold thickness,
which was measured using calipers (Wahlberg 1984b). These doses are
presented in Table 2-3, but could not be converted to per-area units in the
open tests because the area of application was not limited to the 3.1 cm2 of
the cover disc, so they are not plotted in Figure 2-3.

The dermal effects of 1,1,2-trichloroethane have also been studied in
animals. Dermal application of 1,1,2-trichloroethane at 465 mg/cm2 produced
pyknotic nuclei in epidermal cells within 15 minutes in guinea pigs (Kronevi
et al. 1977). As the duration of exposure increased, damage progressed to
vesicle formation and separation of skin layers (Kronevi et al. 1977). A
LOAEL of 465 mg/cm2 for acute dermal effects in guinea pigs is reported in
Table 2-3 and plotted in Figure 2-3. Rabbits given a single application of
0.01 mL of 1,1,2-trichloroethane had no effects other than slight capillary
congestion (Smyth et al. 1969) (see Table 2-3). This study was not plotted
on Figure 2-3 because the dose was not reported in per-area units. Duprat
et al. (1976) compared the dermal irritancy of chlorinated aliphatic
solvents in rabbits and determined that 1,1,2-trichloroethane was a severe
skin irritant compared to other compounds in this group, producing serious
erythema, serious edema, and necrosis. The results of this study were not
used for a LOAEL because no dose was reported. In a repeated-dose study,
daily open application of 0.1 mL for 10 days increased skin-fold thickness
170% in guinea pigs and 218% in rabbits (Wahlberg 1984b). All animals in
this study displayed marked erythema and edema, and fissuring and scaling
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were also seen. The LOAEL is presented in Table 2-3 but not in Figure 2-3
because the dose was not reported in per-area units.

1,1,2-Trichloroethane applied directly to the eye did not produce
significant cornea1 necrosis in rabbits (Smyth et al. 1969). It was
classified as a slight eye irritant by Duprat et al. (1976), who found
moderate catarrhal conjunctivitis and epithelial abrasion following
application in rabbits. Neither study reported the dose of 1,1,2-
trichloroethane applied, so neither was used as the basis for a level of
significant exposure.

2.2.3.3 Immunological Effects

No studies were located regarding immunological effects in humans or
animals following dermal exposure to 1,1,2-trichloroethane.

2.2.3.4 Neurological Effects

No studies were located regarding neurological effects in humans
following dermal exposure to 1,1,2-trichloroethane.

One study of neurological effects in animals was located. No
histopathological changes were found in the brains of guinea pigs 2, 6, or
12 hours after dermal application of 1,1,2-trichloroethane at 465 mg/cm2

(Kronevi et al. 1977). A NOAEL was not derived from this study because
tests of nervous system function were not included, and histopathology alone
may not be an adequate endpoint to assess neurotoxicity.

2.2.3.5 Developmental Effects

No studies were located regarding developmental effects in humans or
animals following dermal exposure to 1,1,2-trichloroethane.

2.2.3.6 Reproductive Effects

No studies were located regarding reproductive effects in humans or
animals following dermal exposure to 1,1,2-trichloroethane.

2.2.3.7 Genotoxic Effects

No studies were located regarding genotoxic effects in humans or
animals following dermal exposure to 1,1,2-trichloroethane.

2.2.3.8 Cancer

No studies were located regarding cancer in humans or animals following
dermal exposure to 1,1,2-trichloroethane.
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2.3 RELEVANCE TO PUBLIC HEALTH

Other than studies on dermal irritation, no studies were located
regarding health effects in humans following inhalation, oral, or dermal
exposure to 1,1,2-trichloroethane; therefore, all implications for public
health are derived from animal studies.

Lethality. 1,1,2-Trichloroethane produced mortality in animals by all
routes of exposure tested, including inhalation, oral, dermal,
intraperitoneal injection, and subcutaneous injection. Death was produced
in rats, mice, guinea pigs, rabbits, and dogs, although not every species
was tested by every route of exposure.

There is some evidence that mice were more susceptible than rats to
1,1,2-trichloroethane-induced mortality following acute inhalation, oral and
intraperitoneal exposure. Inhalation LC50 values for rats and mice were
1654 and 416 ppm, respectively, in two studies done in the same laboratory
(Bonnet et al. 1980, Gradiski et al. 1978). Oral LD50 values for rats and
mice were 837 mg/kg (administered by gavage undiluted) and 378 mg/kg
(administered by gavage as an aqueous emulsion), respectively, but only
studies by different groups of investigators were available for comparison
(Smyth et al. 1969, White et al. 1985). Rat and mouse intraperitoneal LD50

values were 938 and 505 mg/kg, respectively, in two tests performed by the
same investigators (Klaassen and Plaa 1966, 1969). In each of these cases,
mice proved to be more susceptible to death produced by 1,1,2-
trichloroethane than rats. However, the maximum tolerated oral dose was
higher in mice (300 mg/kg/day) than rats (70 mg/kg/day) in a 6-week study in
which 1,1,2-trichloroethane was administered by gavage in corn oil (NCI
1978). Differences in duration of exposure, vehicle, and strain of animal
used may account for the discrepancy between this study and the others.
Metabolism of 1,1,2-trichloroethane occurs at a faster rate in mice than in
rats (Mitoma et al. 1985), and it is possible that greater amounts of
reactive metabolites in mice are responsible for the species difference in
susceptibility to this chemical.

In addition, there may be sex differences in sensitivity to 1,1,2-
trichloroethane. This compound was more toxic to male mice (LD50 = 378
mg/kg) than female mice (LD50 = 491 mg/kg) following acute oral
administration (White et al. 1985). However, survival was reduced in female
mice given chronic oral administration of 1,1,2-trichloroethane, but not in
males (NCI 1978). No sex difference was noted in LD50 values determined
after intraperitoneal administration in a different strain of mice (Klaassen
and Plaa 1969).

Levels of 1,1,2-trichloroethane that produce mortality have been
identified in a number of species, and by several routes of exposure.
Exposure to high levels of 1,1,2-trichloroethane may also be fatal to
humans. Species and sex variation in susceptibility make it difficult to
estimate the level at which this compound might produce death in humans.
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Hepatic Effects. 1,1,2-Trichloroethane had adverse effects on the
livers of rats, mice, guinea pigs, and dogs when administered orally or by
inhalation. These effects included necrosis, elevated SGPT and SGOT levels,
and reduced liver glycogen content (Gehring 1968, Tyson et al. 1983, White
et al. 1985, Wright and Schaffer 1932). Intraperitoneal studies in these
same four species revealed similar hepatic effects, including centrilobular
necrosis, elevated SGPT levels, increased serum ornithine carbamyl
transferase activity, and fatty changes (Klaassen and Plaa 1966, Klaassen
and Plaa 1967a, Traiger and Plaa 1974, Divincenzo and Krasavage 1974, Harms
et al. 1976, MacDonald et al. 1982). 1,1,2-Trichloroethane was also toxic
to isolated rat hepatocytes in vitro (Tyson et al. 1980, Jernigan et al.
1983, Chang et al. 1985). A sex difference in susceptibility was noted by
White et al. (1985), who reported that female mice exposed to 384 mg/kg/day
in the drinking water for 90 days had significantly elevated SGPT levels,
but males exposed to 304 mg/kg/day did not. These investigators also found
that liver glutathione decreased in males and increased in females.
Although there is no information available to suggest that 1,1,2-
trichloroethane is a liver toxin in humans, it is considered a potential
human hepatotoxin because experiments in animals indicate hepatotoxic
potential in all species tested.

One mechanism that has been proposed to explain the hepatotoxicity of
1,1,2-trichloroethane is the generation of free radical intermediates from
reactive metabolites of 1,1,2-trichloroethane (acyl chlorides). Free
radicals may stimulate lipid peroxidation which, in turn, may induce liver
injury (Albano et al. 1985). However, Klaassen and Plaa (1969) found no
evidence of lipid peroxidation in rats given near-lethal doses of 1,1,2-
trichloroethane by intraperitoneal injection. Takano and Miyazaki (1982)
determined that 1,1,2-trichloroethane inhibits intracellular respiration by
blocking the electron transport system from reduced nicotinamide adenine
dinucleotide (NADH) to coenzyme Q (CoQ), which would deprive the cell of
energy required to phosphorylate adenosine diphosphate (ADP) and thereby
lead to depletion of energy stores.

Renal Effects. There was only one reliable report of kidney damage
following oral exposure to 1,1,2trichloroethane. Wright and Schaffer
(1932) found cloudy swelling and congestion in the kidneys of treated dogs.
No kidney pathology was found after dermal application in guinea pigs
(Kronevi et al. 1977) or inhalation exposure in rats (Bonnet et al. 1980).
One unpublished study reported kidney damage following inhalation exposure
in rats [Dow Chemical Co. (cited in Torkelson and Rowe 1981)].

Renal effects in mice and dogs given intraperitoneal or subcutaneous
injections of 1,1,2-trichloroethane were studied in a series of experiments
by Plaa and co-workers. Although no gross effects were visible, tubular
lesions with necrosis were seen microscopically in the cortex of the kidneys
of mice injected subcutaneously with 173 mg/kg 1,1,2-trichloroethane (Plaa
et al. 1958). The ED50 for necrosis, swelling of the kidney, and renal
dysfunction in mice, as indicated by increased protein and glucose in the
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urine, was 216 mg/kg by intraperitoneal injection (Plaa and Larson 1965).
Klaassen and Plaa (1966, 1967a) found necrosis and reduced ability to
excrete intravenously-administered PSP (phenolsulfonphthalein) in the
kidneys of male mice and dogs given 1,1,2-trichloroethane intraperitoneally.
Female mice did not show this effect, even at lethal doses (Klaassen and
Plaa 1967b). This evidence strongly suggests a sex difference in
susceptibility to the renal effects of 1,1,2-trichloroethane in mice, but
the reason for this difference is not known.

There is good evidence that 1,1,2-trichloroethane is nephrotoxic when
parenterally administered in mice and dogs. There is also some evidence for
kidney effects in animals following inhalation and oral exposure. These
results suggest that 1,1,2-trichloroethane may be nephrotoxic in humans.

Immunological Effects. A detailed study of the effects of 1,1,2-
trichloroethane on the immune system was performed by Sanders et al. (1985).
They reported that significant effects on mouse immune function were found
at doses as low as 44 to 46 mg/kg/day in a 90-day study. Humoral immune
function, functional activity of the fixed macrophages of the
reticuloendothelial system, and macrophage phagocytic activity were all
affected (although the latter two were only altered in high-dose mice).
These data suggest that 1,1,2-trichloroethane may interfere with immune
function in animals. It is possible that these effects could also be
produced in humans exposed to 1,1,2-trichloroethane, although there are no
data currently available indicating immune system effects in humans.

There was a distinct sex difference in immune response to 1,1,2-
trichloroethane exposure in mice. Some effects, such as reduced spleen
lymphocyte response to lipopolysaccharide and increased vascular clearance
by the fixed macrophages of the reticuloendothelial system, were found only
in females. Others, such as depressed ability to phagocytize sheep red
blood cells, occurred only in males. The reason for these differences is
not known and their significance for human health is unclear.

Neurological Effects. Anesthesia has been produced in animals by oral
intake, inhalation, and intraperitoneal injection of 1,1,2-trichloroethane.
This effect has been studied in both mice and dogs. The ED50 for motor
impairment in mice reported by Borzelleca (1983) was approximately one third
the LD50 value for mice reported by White et al. (1985). At an inhalation
concentration of 3750 ppm, the ET50 (time required to produce anesthesia in
one-half of the treated animals) was 18 minutes, which is much less than the
LT50 of 10 hours in this study (Gehring 1968). The occurrence of anesthetic
effects at doses well below those that produce death indicates that 1,1,2-
trichloroethane is a potent CNS depressant.

Central nervous system depression was reported by De Ceaurriz et al.
(1981) following inhalation exposure in mice. Tham et al. (1984) found that
intravenous infusion of 28 mg/kg 1,1,2-trichloroethane had a depressive
effect on the vestibulo-oculomotor reflex in rats. Taste aversion, which
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represents a conditioned avoidance response, was another neurological effect
produced by 1,1,2-trichloroethane. Kallman et al. (1983) suggest that taste
aversion may be sensitive to the acute health effects of 1,1,2-
trichloroethane, but that it may not be useful in assessing delayed or
cumulative toxicity. No data on neurological effects of 1,1,2-
trichloroethane in humans were located, but the evidence in animals suggests
that this compound may have central nervous depressant effects in humans as
well.

Genotoxic Effects. Data on the genotoxic effects of 1,1,2-
trichloroethane are presented in Tables 2-4 and 2-5. In vitro mutagenicity
assays were negative in Salmonella typhimurium and positive in Saccharomvces
cerevisiae. A cell transformation assay performed in the absence of
activation on mouse BALB/c-3T3 cells was negative. A test of DNA repair in
cultured rat hepatocytes was positive, but one in mouse hepatocytes was not
(Williams 1983). Adduct formation with calf thymus DNA occurred in vitro at
a significant rate (DiRenzo et al. 1982a). DNA adduct formation in vivo
occurred to a greater extent in mouse liver than in rat liver (Mazzullo
et al. 1986). The authors point out that there is a correlation between
these adduct formation results and species susceptibility to cancer, as the
incidence of hepatocellular carcinomas was increased in mice, but not rats,
given 1,1,2-trichloroethane for 78 weeks. Finally, DNA synthesis was
inhibited by intratesticular injection of 1,1,2-trichloroethane in the mouse
(Borzelleca 1983). Although there are negative as well as positive results,
it is evident that this compound does have some genetic effects both in
vitro and in vivo. The significance of these effects for humans is not
clear, especially since results of in vivo mammalian assays showed species
variability.

Cancer. There is no evidence for carcinogenicity of 1,1,2-trichloro-
ethane in humans. Among animals, 1,1,2-trichloroethane was carcinogenic in
B6C3Fl mice, but not Osbourne-Mendel rats. In a gavage study by NCI (1978),
this compound produced significant increases in the incidence of hepato-
cellular carcinomas and adrenal pheochromocytomas in mice. Based on
this study, Gold et al. (1987) calculated the carcinogenic potency (TD50) of
1,1,2-trichloroethane in mice to be 47.6 mg/kg/day, which is similar to the
value for chloroform and about one third the value for carbon tetrachloride.
No increase in the incidence of neoplasms was observed in rats under the
conditions of the NCI bioassay. Carcinogenicity in rats was also studied by
Norpoth et al. (1988), who found that subcutaneous injection of 15.4 or 46.8
µmol of 1,1,2-trichloroethane in DMSO once a week for 2 years had no effect
on the incidence of benign mesenchymal and epithelial tumors in Sprague-
Dawley rats. The incidence of sarcomas (mostly localized on the
extremities) increased with dose in both sexes and was significantly
elevated in high-dose rats compared to untreated controls. However, the
lack of any sarcomas in the untreated controls was unusual for this strain,
and when compared to the spontaneous incidence of sarcomas reported in the
literature, this effect was no longer significant. In addition, sarcoma
incidence was not elevated when compared to vehicle controls. From the
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limited evidence in mice, 1,1,2-trichloroethane has been classified in
Group C as "a possible carcinogen" (EPA 1988a).

The mechanism of 1,1,2-trichloroethane carcinogenicity in mice is not
known. Metabolism of this compound involves formation of acyl chlorides and
free radicals, which may play a role in cancer formation. Although 1,1,2-
trichloroethane has not been shown to be carcinogenic in rats, a study of
cancer initiation and promotion in this species was located. Story et al.
(1986) gave a single oral dose of 1,1,2-trichloroethane at 69 mg/kg in corn
oil to rats and followed this treatment with 8 weeks administration of
phenobarbital, a promoter of hepatocellular carcinomas. Using liver foci
with altered enzyme levels as pre-neoplastic markers, they found no evidence
that 1,1,2-trichloroethane acted as an initiator. The reciprocal
experiment, using diethylnitrosamine (DEN) as the initiator and 1,1,2-
trichloroethane as the possible promoter, gave similar results whether or
not DEN initiation was given. In either case, there was a large increase in
the total number of liver foci. However, when examined more closely, it was
found that these increases occurred solely in the number of Type II foci,
which do not appear to be preneoplastic. Therefore, no evidence of cancer
promotion by 1,1,2-trichloroethane was found in this study.

2.4 LEVELS IN HUMAN TISSUES AND FLUIDS ASSOCIATED WITH HEALTH EFFECTS

No studies were located regarding the levels of 1,1,2-trichloroethane
in human tissues and fluids associated with effects.

2.5 LEVELS IN THE ENVIRONMENT ASSOCIATED WITH LEVELS IN HUMAN TISSUES
AND/OR HEALTH EFFECTS

The levels of 1,1,2-trichloroethane were studied in 230 personal air
samples, 170 drinking water samples, 66 breath samples and 16 food samples
from 9 volunteers in New Jersey and 3 in North Carolina (Wallace et al.
1984). In 99% of the cases, no 1,1,2-trichloroethane or only trace amounts
were found in the environment, or in the exhaled breath of the people.
Specifically, the personal air concentrations of 1,1,2-trichloroethane were
below the detection limit in 151/161 samples, 7 contained trace levels, and
the others had a very low median value of 0.35 µg/m3 (0.063 ppb). Breath
samples were negative in 44/49 samples, value of 0.2 µg/m3 (0.036 ppb).
and the others had a very low median

The levels of halogenated organic compounds were studied in the Ruhr
region of West Germany from 1976-1978 (Bauer 1981a,b). The concentration of
1,1,2-trichloroethane in the Rhine river at this time averaged 0.2 µg/L
(ppb), and the concentration in the drinking water in 100 German cities had
a maximum of 5.8 µg/L (ppb). Air concentrations rarely were over 1 µg/m3

(0.18 ppb) and 1,1,2-trichloroethane was not detected in the foods or
cosmetic products available locally. The average concentrations in humans
tissues studied in 15 people who were exposed primarily via the air (94% of
the exposure) were 6 µg/kg in adrenal capsule adipose tissue, 14 µg/kg in
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subdermal adipose tissue, 2 µg/kg in the lungs, 3 µg/kg in the liver, and 17
µg/kg in the muscle tissue. This study does not establish levels in human
tissue associated with health effects.

2.6 TOXICOKINETICS

2.6.1 Absorption

2.6.1.1 Inhalation Exposure

Studies in humans indicate that 1,1,2-trichloroethane is absorbed
rapidly after inhalation exposure (Morgan et al, 1970, 1972). A volunteer
took one breath of radiolabeled 1,1,2-trichloroethane and expired 10% of
the inspired dose in the alveolar air after 12 seconds and about 0.5% after
40 seconds of breath-holding. More than 90% of the administered dose was
retained in the body after 50 minutes. These data indicate that 1,1,2-
trichloroethane was extensively absorbed into the bloodstream.

The only data on absorption of 1,1,2-trichloroethane following
inhalation exposure in animals comes from the assumption that an
administered chemical has been absorbed by the body if it can be shown to
affect physiological processes. 1,1,2-Trichloroethane has been shown to
affect the exhalation of acetone in rats (Filser et al. 1982), so it can be
assumed that the 1,1,2-trichloroethane was absorbed.

2.6.1.2 Oral Exposure

No studies were located regarding absorption in humans following oral
exposure to 1,1,2-trichloroethane. The only data available in animals
showed that oral doses near the MTD (maximum tolerated dose) in mice (300
mg/kg) or rats (70 mg/kg) were 81% metabolized, indicating that at least
this amount was absorbed (Mitoma et al. 1985). This suggests that 1,1,2-
trichloroethane, like other structurally related halocarbons, is well
absorbed from the gastrointestinal tract of animals, and probably humans as
well.

2.6.1.3 Dermal Exposure

No studies were located regarding absorption in humans following dermal
exposure to 1,1,2-trichloroethane. Two studies in animals indicate that
1,1,2-trichloroethane is easily absorbed through the skin. In the guinea
pig, blood concentration of 1,1,2-trichloroethane peaked at ≈3.7 µg/mL
within a half-hour following 1,1,2-trichloroethane application to the skin
(Jakobson et al. 1977). Following the peak, the blood level declined to
≅2.5 µg/L at 1 hour, remained at this level until ≅4 hours, and then rose to
≅3.7 µg/L at 6 hours. The authors suggested that this complex dermal
absorption of 1,1,2-trichloroethane may be due to an initial increased
barrier function of the skin after 1. hour, which led to decreased
absorption. Subsequent absorption during the next few hours may represent
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an overcoming of the barrier. In mice, 15 minutes after application of 0.5
ml of 1,1,2-trichloroethane, 99.7% was retained in the body and 0.3% was
expired in the breath (Tsuruta 1975). The absorption rate was calculated to
be 130 nmoles/min/cm2 of skin.  The rapid absorption through the skin may
well be due to the highly lipid soluble character of 1,1,2-trichloroethane
(Kronevi et al. 1977).

2.6.2 Distribution

2.6.2.1 Inhalation Exposure

No studies were located regarding distribution in humans following
inhalation of 1,1,2-trichloroethane. After an inhalation exposure of 1000
ppm for 1 hour, 1,1,2-trichloroethane was distributed in mice organs in the
following manner: approximately 600 µg/g in fats, 80 µg/g in the kidney and
liver, 45-60 µg/g in the blood and brain, and 20-35 µg/g in the heart,
spleen and lung (Takahara 1986a). Examination of partition coefficients
showed that 1,1,2-trichloroethane had a moderate degree of lipid solubility
compared to other hydrocarbons, but was still quite lipid soluble (Gargas et
al. 1989, Imbriani et al. 1985, Morgan et al. 1972, Sato and Nakajima 1979).
This indicates that 1,1,2-trichloroethane could be easily distributed and
retained in fat, liver, and brain in both animals and humans.

2.6.2.2 Oral Exposure

No studies were located regarding distribution in humans or animals
following oral exposure to 1,1,2-trichloroethane. One study showed that
1,1,2-trichloroethane was distributed to the liver following oral exposure
in animals (Mitoma et al. 1985). In this study, 1,1,2-trichloroethane was
extensively metabolized (presumably by the liver), and was also found to
bind hepatic protein. It is likely that 1,1,2-trichloroethane is also
distributed to the liver in humans.

2.6.2.3 Dermal Exposure

No studies were located regarding distribution in humans or animals
following dermal exposure to 1,1,2-trichloroethane.

2.6.3 Metabolism

No studies were located regarding metabolism in humans following
exposure to 1,1,2-trichloroethane.

The primary metabolites identified by high-performance liquid
chromatography in rats and mice given 1,1,2-trichloroethane by gavage were
chloroacetic acid, S-carboxymethylcysteine, and thiodiacetic acid (Mitoma et
al. 1985). An earlier study reported these three compounds to be the
primary metabolites of 1,1,2-trichloroethane following intraperitneal
injection (Yllner 1971). S-carboxymethycysteine and thiodiacetic acid are
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formed from 1,1,2-trichloroethane following conjugation with glutathione
(Yllner 1971). Chloroacetic acid is formed by hepatic cytochrome P-450
(Ivanetich and Van Den Honert 1981). This reaction is thought to proceed
via the acyl chloride. Cytochrome P-450 can also produce free radicals from
1,1,2-trichloroethane (Mazzullo et al. 1986). These proposed pathways are
shown in Figure 2-4. Acyl chlorides and free radicals are reactive
metabolites that can bind to proteins and nucleic acids, and are suspected
of being cytotoxic, mutagenic, and carginogenic (Ivanetich and Van Den
Honert 1981, Mazzullo et al. 1986). Other metabolites, found only in trace
amounts in mice and rats following exposure to 1,1,2-trichloroethane,
included trichloroacetic acid and trichloroethanol (Ikeda and Ohtsuji 1972,
Takahara 1986b, Yllner 1971). It is not clear how these compounds were
formed; it was suggested by Yllner (1971) that they might be derived from
impurities in the 1,1,2-trichloroethane samples used.

Although percent of the orally-administered dose metabolized was
identical in rats and mice (81%), the actual amount of 1,1,2-trichloroethane
metabolized was much higher in mice (Mitoma et al. 1985). The chemical was
given to each species at the MTD, which was 4.3 times greater in mice; mice
experienced a higher body burden than rats, but were able to metabolize the
same percentage of it. The inherent ability of mice to metabolize 1,1,2-
trichloroethane at a higher rate than rats may contribute to the greater
susceptibility of mice to 1,1,2-trichloroethance cytotoxicity and
carcinogenity. It is not known how the rate of 1,1,2-trichloroethane
metabolism in humans compares to that in mice and rats. Metabolism in
humans is likely to be qualitatively similar to that in animals, however.

2.6.4 Excretion

2.6.4.1 Inhalation Exposure

The excretion rate of inhaled 1,1,2-trichloroethane in humans was
measured in the breath and urine of humans (Morgan et al. 1970). Excretion
in the breath after 1 hour was 2.9% of the administered dose; the slope of
the retention curve was 0.006. The excretion rate in the urine was less
than 0.0l%/min of administered radioactivity. From these data, the half-
life for urinary excretion was estimated to be about 70 minutes.

The half-life following l-hour inhalation exposure to 1005 ppm of
1,1,2-trichloroethane in mice was determined to be 625 minutes in the heart,
203 minutes in the fat, 147 minutes in the brain, 127 minutes in the spleen,
122 minutes in the lungs, 43 minutes in the kidney, 39 minutes in the blood,
and 19 minutes in the liver (Takahara 1986a). The half-life in the whole
body was calculated to be 49.3 minutes. The presence of 1,1,2-
trichloroethane in tissue samples was determined by gas chromatography,
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2.6.4.2 Oral Exposure

No studies were located regarding excretion in humans following oral
exposure to 1,1,2-trichloroethane.

The excretion routes were shown to be similar in rats and mice,
regardless of whether the chemical was given orally (Mitoma et al. 1985) or
intraperitoneally (Yllner et al. 1971). Following a dose of radiolabeled
compound, about 7-10% of 1,1,2-trichloroethane was exhaled unchanged in the
breath, 3-7% was exhaled as C02, 72%-87% was found as metabolites in the
urine, about 1% was in the feces, and l-3% remained in the carcasses of rats
and mice after 48 hours. The excretion from humans is also likely to be
primarily via metabolites in the urine.

2.6.4.3 Dermal Exposure

No studies were located regarding excretion in humans or animals
following dermal exposure to 1,1,2-trichloroethane.

2.7 INTERACTIONS WITH OTHER CHEMICALS

Polybrominated biphenyls (PBBs) were shown to increase the renal
toxicity of 1,1,2-trichloroethane as measured by decreases in paminohippurate
accumulation in renal cortical slices (Kluwe et al. 1978).
PBBs are known to increase the activities of microsomal mixed-function
oxygenases in the kidney and liver, so increased metabolism of 1,1,2-
trichloroethane and the increased presence of metabolites more toxic than
the parent compound itself may be responsible for the increased toxicity of
1,1,2-trichloroethane in the kidney. However, the study also showed that
PBBs did not increase the hepatotoxic effects of 1,1,2-trichloroethane, as
indicated by relative liver weight or SGOT levels.

Phenobarbital, another microsomal enzyme inducing agent, was found to
potentiate liver toxicity, as indicated by increases in SGOT and SGPT in
rats that were exposed to 1,1,2-trichloroethane vapor (Carlson 1973).
Guinea pigs treated with pentobarbital as an anesthetic following dermal
application of 1,1,2-trichloroethane were shown to have reduced glycogen
levels and hydropic changes in the liver (Kronevi et al. 1977). Liver
effects were not found in anesthetized "control" animals or animals that
were treated with 1,1,2-trichloroethane, but not anesthetized. The authors
suggest that the liver effects they observed were produced by the
interaction of pentobarbital and 1,1,2-trichloroethane. The lack of
untreated controls makes this claim difficult to evaluate, however.
Potentiation is usually seen only after pretreatment with the inducer, since
time is required for enzyme induction. It may be that dermal absorption of
1,1,2-trichloroethane was slow enough, compared to intraperitoneal
absorption of pentobarbital, for this to occur.
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Pretreatment with low, but not high doses of acetone (MacDonald et al.
1982) potentiated the hepatotoxicity of 1,1,2-trichloroethane in rats as
indicated by a rise in SGPT and a decrease in hepatic GSH levels. Acetone
also potentiated the 1,1,2-trichloroethane-induced elevation of SGPT in mice
(Traiger and Plaa 1974).

Pretreatment with isopropyl alcohol (Traiger and Plaa 1974) or ethanol
(Klaassen and Plaa 1966) potentiated the 1,1,2-trichloroethane-induced
elevation of SGPT activity in mice. Pretreatment with ethanol did not alter
BSP retention (Klaassen and Plaa 1966).

Pretreatment with alloxan, which induces a hyperglycemic state similar
to that found in diabetic humans, also enhanced the hepatotoxic effects of
1,1,2-trichloroethane in rats as indicated by increased SGPT activity and
increased hepatic triglyceride concentration (Hanasono et al. 1975). The
mechanism of this interaction is unknown.

2.8 POPULATIONS THAT ARE UNUSUALLY SUSCEPTIBLE

Persons with diabetes (Hanasono et al. 1975), or with prior exposure to
PBBs (polybrominated biphenyls) (Kluwe et al. 1978), or with prior exposure
to isopropyl or ethyl alcohol or acetone (Traiger and Plaa 1974) may be more
susceptible to the hepatotoxic effects of 1,1,2-trichloroethane. Prior
exposure to other enzyme-inducing drugs or chemicals could potentially have
the same effect.

2.9 ADEQUACY OF THE DATABASE

Section 104(i)(5) of CERCLA, directs the Administrator of ATSDR (in
consultation with the Administrator of EPA and agencies and programs of the
Public Health Service) to assess whether adequate information on the health
effects of DCE is available. Where adequate information is not available,
ATSDR, in cooperation with the National Toxicology Program (NTP), is
required to assure the initiation of a program of research designed to
determine these health effects (and techniques for developing methods to
determine such health effects). The following discussion highlights the
availability, or absence, of exposure and toxicity information applicable to
human health assessment. A statement of the relevance of identified data
needs is also included. In a separate effort, ATSDR, in collaboration with
NTP and EPA, will prioritize data needs across chemicals that have been
profiled.

2.9.1 Existing Information on Health Effects of Trichloroethane

Existing studies on the health effects of 1,1,2-trichloroethane are
shown in Figure 2-5. Almost no data exist for the health effects of this
compound in humans; a single study on the dermal irritation of 1,1,2-
trichloroethane in man was located in the literature.
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The health effects of 1,1,2-trichloroethane in animals have been fairly
well studied. A number of inhalation studies investigated lethality in rats
and mice, and several made LC50 determinations. The systemic effects that
have been studied following inhalation exposure are liver and kidney
effects. Liver effects were investigated in several studies that measured
serum transaminase levels and other biochemical endpoints; only one
unpublished study included histopathological examination of the liver. The
same study included histopathological examination of the kidney. This
study was also the only one in which animals were repeatedly exposed to
1,1,2-trichloroethane vapor; all other studies by this route were single
exposure tests. Neurological effects following inhalation were studied by
behavioral observations in rats and mice and tests of neurological function
in mice.

Following oral exposure, lethality in rats, mice, and dogs has been
reported. LD50 values were calculated for the first two species. Systemic
effects were studied in rats, mice, and dogs using biochemical and
histopathological measures. Most studies were of single exposures, but
there was one study of intermediate duration (which did not include
histopathological examination) and one of chronic duration (which included
only histopathologic examination). Immunological effects were reported in a
study that included tests of humoral and cell-mediated immune function.
Neurological effects were studied by behavioral observation and, in longerterm
studies, examination of tissues. Developmental toxicity was the
subject of one study that did not include examination of fetuses for
malformations. Data on reproductive effects come from this study and
longer-term studies that examined reproductive tissues, but did not perform
tests of reproductive function. Carcinogenicity was studied in one 78-week
bioassay in rats and mice and one 2-year study in rats that was not,
however, performed by a relevant route of exposure.

There is one study of lethality in guinea pigs following dermal
exposure to 1,1,2-trichloroethane. There are also several studies of skin
and eye irritation in dermally-exposed animals. One poorly-designed study
investigated the effect of dermally applied 1,1,2-trichloroethane on liver,
kidney, and brian histopathology.

2.9.2 Data Needs

Single Dose Exposure. Tests of the acute toxicity of 1,1,2-
trichloroethane administered orally and by inhalation have provided
information on 1,1,2-trichloroethane exposure levels that produce liver and
kidney damage, neurological effects, and death in animals. Several of these
studies included analyses for subtle liver effects, but few included
histopathological examinations. More studies which carefully examine liver
and other tissues histologically and look for subtle effects on other organs
may be beneficial. They might provide information on mechanisms by which
1,1,2-trichloroethane produces lethality and neurological effects and
provide further information on other toxic effects. Knowledge of mechanisms
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is helpful to understanding the health effects of a chemical. Dermal
studies of 1,1,2-trichloroethane have provided information on exposure
levels that produce skin irritation in humans and animals and death in
animals. One poorly-designed study attempted to investigate systemic
effects in dermally exposed animals. A study of systemic toxicity following
dermal application of 1,1,2-trichloroethane might provide useful
information.

Repeated Dose Exposure. Only one study examined the health effects of 14-
and 90-day ingestion of 1,1,2-trichloroethane in drinking water of
animals, and it did not include histopathological examinations. A
subchronic oral study with complete histological examination would be
useful. Repeated dose exposure by inhalation was examined only in an
unpublished report that could not be obtained for review. A published
report of this study or a replacement would provide useful information.
Repeated dermal application of 1,1,2-trichloroethane to humans was done in
one study. No effects were found, but the irritancy of 1,1,2-
trichloroethane in single-dose exposure tests suggests that repeated-
exposure dermal tests in animals would provide meaningful information.

Chronic Exposure and Carcinogenicity. A 78-week bioassay on orally
administered 1,1,2-trichloroethane was performed in rats and mice by the
National Cancer Institute. 1,1,2-Trichloroethane was found to be cancerous
in mice, but not rats. The 78-week dosing period is no longer considered
adequate for rats. Current studies of this type use exposure durations of
approximately 2 years. A 2-year study was conducted by Norpoth et al.
(1988), but exposure was by subcutaneous injection, which is not a relevant
route. Two-year studies by the oral and inhalation routes on rats and mice
using several doses, examining endpoints of hematology, clinical chemistry,
urinalysis, and performing microscopic examination of tissues may provide
valuable dose-response data and identify more subtle indicators of toxicity.
Studies of chronic toxicity and carcinogenicity do not exist for other
routes of exposure.

Genotoxicity. The available genotoxicity studies indicate that 1,1,2-
trichloroethane is not mutagenic in bacteria, but may interact with
mammalian DNA in vivo. Chromosomal aberration and micronucleus tests on
1,1,2-trichloroethane were not located. Additional genotoxicity tests would
help to determine whether 1,1,2-trichloroethane is genotoxic in humans.

Reproductive Toxicity. Several studies included examination of
reproductive organs and tissues following exposure to 1,1,2-trichloroethane,
but found no effects. One study designed to look at developmental toxicity
reported no effect on reproductive endpoints. Studies in which animals
exposed to 1,1,2-trichloroethane are mated and their offspring observed
would provide more information regarding the reproductive toxicity of 1,1,2-
trichloroethane.
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Developmental Toxicity. A study on the developmental toxicity of
1,1,2-trichloroethane in mice found no effect, but it did not include
examination of the fetuses for malformations. A complete teratology study
in two species would provide better information on the developmental
toxicity of 1,1,2-trichloroethane in animals and help to determine whether
it is possible that 1,1,2-trichloroethane has developmental effects in
humans.

Immunotoxicity. The immunological effects of 1,1,2-trichloroethane
have been studied following 14-day and 90-day oral exposure. Several
measures of both humoral and cell-mediated immune response were investigated
in this study, and some positive results were found. The fact that effects
were found in some tests, but not others intended to measure the same
response, indicates that more studies of this type could provide worthwhile
information. In addition, immune responses were different in male and
female mice, and investigation of these differences might provide meaningful
information. No studies were located regarding dermal sensitization by
1,1,2-trichloroethane.

Neurotoxicity. Studies of 1,1,2-trichloroethane in animals have
provided information on the neurological effects produced by acute exposure
to 1,1,2-trichloroethane, and the levels at which they occur. The results
of one study suggested that taste aversion may be a sensitive indicator of
the acute neurological effects of 1,1,2trichloroethane. Additional
neurobehavioral tests may reveal still more sensitive neurologic endpoints
or provide support for use of taste aversion as an indicator of neurologic
effects. Repeated exposure studies involved examination of neurological
organs and tissues, but no tests of neurological function. Reliable studies
of neurotoxicity by dermal exposure do not exist.

Epidemiological and Human Dosimetry Studies. No human studies were
found in the literature which relate exposure to 1,1,2-trichloroethane with
health effects. The evidence in animals, however, indicates that 1,1,2-
trichloroethane can have effects on the nervous system, immune system, and
liver and kidney function, and can be lethal. It is also carcinogenic in
mice. These effects may also occur in humans, if they are exposed to appropriate
levels of 1,1,2-trichloroethane. Epidemiological and human dosimetry studies might
reveal whether humans are indeed susceptible to adverse health effects due to
exposure to 1,1,2-trichloroethane.

Biomarkers of Disease. No studies were located that identified
biomarkers specific for 1,1,2-trichloroethane-induced disease states. If
epidemiological studies are performed that associate effects with exposure,
it may be possible to identify alterations in blood chemistry indices or
other pathological endpoints that would be useful to identify the disease
state. Biomarkers for diagnosis of target organ toxicity (e.g., SGOT for
liver damage) can provide useful information in conjunction with specific
knowledge of 1,1,2-trichloroethane exposure,
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Disease Registries. Currently, no human disease states are associated
with exposure to 1,1,2-trichloroethane. If future studies identify
particular diseases produced by 1,1,2-trichloroethane, it may be possible to
determine the number of people affected and the factors associated with the
development of the disease, such as involvement of populations in certain
occupations or living in certain areas.

Bioavailability from Environmental Media. Since 1,1,2-trichloroethane is
expected to exist in the atmosphere as the vapor rather than adsorb toparticulate
matter, there would not be a competing adsorption that would impede its
bioavailability via the lungs. Limited data showing the presence of 1,1,2-
trichloroethane in adipose and other tissue of exposed subjects indicate that
1,1,2-trichloroethane is taken up via the lungs, GI tract or both. A pilot study
demonstrated that similar low molecular weight chlorinated alkanes are found in
human milk (Pellizzari et al. 1982). The source of these pollutants was probably
ambient air, and this is the most probable route of intake for the general
population.

Food Chain Bioaccumulation. 1,1,2-Trichloroethane has not been
reported in food or biota, nor were any studies located in which the levels
of this chemical in plants or animals were reported. The bioaccumulation
potential for a chemical is most conveniently studied by measuring the
bioconcentration factor (BCF) or the concentration of a chemical in fish
divided by the concentration in water from which the chemical is taken up.
The BCF of 1,1,2-trichloroethane in fish is reported to be <10 (Kawasaki
1980), indicating a very low potential for bioaccumulation in the food
chain. Experimental verification of the lack of food chain bioaccumulation
is not available. Such information can be obtained by studying the
accumulation of 1,1,2-trichloroethane in organisms from different trophic
levels that have been exposed to the chemical.

Absorption, Distribution, Metabolism, Excretion. Little information is
available regarding the toxicokinetics of 1,1,2-trichloroethane in humans or
animals. Information on absorption in humans comes from a brief study using two
volunteers; the only information from animals is inferred from the fact that
administration of 1,1,2-trichloroethane via the inhalation or oral routes causes
toxic effects. Animal studies which specifically test the amount and rate of
absorption of 1,1,2-trichloroethane would provide information as to how much
1,1,2-trichloroethane humans might be likely to absorb from various routes of
exposure. For distribution, the only human data are from one briefly reported
study, and the only animal data are from one acute study. More extensive and
longer-term animal studies using the inhalation, oral or dermal routes would help
determine 1,1,2-trichloroethane distribution in the body. For metabolism, more
animal studies would be helpful in, showing what kind of metabolites might be
expected to be found in the blood or urine of humans; if these could be measured,
they might give an indication of amount of exposure to 1,1,2-trichloroethane.
Additional metabolism studies may also reveal more
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definitive information on mechanfsms of 1,1,2-trichloroethane toxicity and
carcinogenicity. Data on excretion are fairly complete.

Comparative Toxicokinetics. No studies were located which compared
human and animal toxicokinetics. Two comparative toxicokinetics studies
were performed which examined the differences between rats and mice in the
types of metabolites formed, and the excretion rates from various routes.
Although percent of administered dose metabolized was similar in both
species, the overall rate of metabolism of 1,1,2-trichloroethane was greater
in mice (Mitoma et al. 1985). The same metabolites were formed in the same
proportions in both species. The difference in metabolic rate may be
related to species differences in susceptibility to the toxic effects of
1,1,2-trichloroethane. More studies of this type could corroborate this
theory or identify other factors that may be responsible for the species
difference in toxicity.

2.9.3 On-going Studies

No on-going studies were located regarding health effects or
toxicokinetics in humans or animals following exposure to 1,1,2-
trichloroethane.
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3. CHEMICAL AND PHYSICAL INFORMATION

3.1 CHEMICAL IDENTITY

Data pertaining to the chemical identity of 1,1,2-trichloroethane
are listed in Table 3-1,

3.2 PHYSICAL AND CHEMICAL PROPERTIES

The physical and chemical properties of 1,1,2-trichloroethane are
presented in Table 3-2.
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4 . PRODUCTION, IMPORT, USE, AND DISPOSAL

4.1 PRODUCTION

1,1,2-Trichloroethane is produced by Dow Chemical U.S.A. in Freeport,
TX and by Olin Corporation in Seward, IL (SRI 1988). No production figures
are available. It is produced in the U.S. from ethylene. In one method of
preparation, ethylene is chlorinated to give 1,2-dichloroethane, which is
then reacted with chlorine to give 1,1,2-trichloroethane (Archer 1979). A
second method is via the oxychlorination of ethylene with hydrogen chloride
and oxygen at 280-37°C in the presence of a catalyst (Archer 1979). 1,2-
Dichloroethane and higher chlorinated ethanes are also formed in this
process. 1,1,2-Trichloroethane is also produced as a coproduct in the
thermal chlorination of l,l-dichloroethane to produce l,l,l-trichloroethane,
especially when the reaction is carried out in the liquid phase (Archer
1979).

The only information pertaining to the amount of 1,1,2-trichloroethane
produced dates back to 1979, when it was estimated that approximately 412
million pounds were produced (Thomas et al. 1982). This figure is the
quantity of 1,1,2-trichloroethane required for maximum potential production
of l,l-dichloroethene (vinylidene chloride) and may be an overestimate
because l,l-dichloroethene can also be produced from l,l,l-trichloroethane
(Thomas et al. 1982). The exact quantity manufactured is proprietary
information of Dow Chemical Corporation, who was the sole producer of 1,1,2-
trichloroethane at that time. Most of the chemical was captively consumed
as a precursor for 1,1-dichloroethene, however according to a spokesperson
from Dow a quantitity said to be in the 'low millions of pounds' is used
annually in other industries (Thomas et al. 1982). It is not known whether
the consumption of 1,1,2-trichloroethane has changed appreciably since 1979.

1,1,2-Trichloroethane is sometimes present as an impurity in commercial
samples of l,l,l-trichloroethane and trichloroethylene (Henschler et al.
1980; Tsuruta et al. 1983). 1,1,2-Trichloroethane has been shown to be
formed during the anaerobic biodegradation of 1,1,2,2-tetrachloroethane;
anaerobic conditions may occur in groundwater or in landfills (Bouwer and
McCarty 1983; Hallen et al. 1986).

4.2 IMPORT

Data pertaining to the import of 1,1,2-trichloroethane were not located
in the available literature.

4.3 USE

The principal use of 1,1,2-trichloroethane is as a chemical
intermediate in the production of l,l-dichloroethene (Archer 1979). There
is no information available on the uses of the 'low millions of pounds' that
were said to have been sold to other industries by Dow Chemical.
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1,1,2-Trichloroethane finds limited use as a solvent where its high solvency
is needed, such as for chlorinated rubbers (Archer 1979). It may be used as
a solvent for fats, oils, waxes, and resins (Hawley 1981). Some 1,1,2-
trichloroethane was sold for use in consumer products (Thomas et al. 1982).
There was no indication in the literature as to what these products were.
Moolenaar and Olson (1989), in a written communication as spokesmen for the
Dow Chemical Company, a major producer of 1,1,2-trichloroethane, however,
stated that they are not aware of any consumer uses and that the Dow
Chemical Company screens potential customers to determine how they intend to
use it.

4.4 DISPOSAL

1,1,2-Trichloroethane has been disposed of by adsorption on a suitable
sorbent such as vermiculite, dry sand, or earth and placement in a secure
landfill (NLM 1988). This method is not recommended, however (NLM 1988),
although no alternative method was discussed in the available literature.
The method of disposal recommended for most chlorinated solvents is
incineration.

4.5 ADEQUACY OF THE DATABASE

4.5.1 Data Needs

Data on current production and use of 1,1,2-trichloroethane are
completely inadequate. Information is especially needed on the commercial
uses of 1,1,2-trichloroethane and what types of consumer products, if any,
contain this chemical. This information is essential for estimating
exposure to 1,1,2-trichloroethane and for determining which groups in the
population are occupationally or generally exposed. According to the
Emergency Planning and Community Right to Know Act of 1986 (EPCRTKA),
(§313), (Pub. L. 99-499, Title III, §313), industries are required to submit
release information to the EPA. The Toxic Release Inventory (TRI), which
contains release information for 1987, became available in May of 1989.
This database will be updated yearly and should provide a more reliable
estimate of industrial production and emission.
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5.1 OVERVIEW

1,1,2-Trichloroethane is predominantly a man-made chemical whose
presence in the environment results from anthropogenic activity. This
chemical has also been identified as an intermediate in the biodegradation
of 1,1,2,2-tetrachloroethane, another man-made chemical. It is made
commercially by the chlorination of ethylene with chlorine or by the
oxychlorination of ethylene with HCl and oxygen. It is primarily used as a
captive intermediate in the manufacture of 1,1-dichloroethene (vinylidene
chloride), but may also be used as a solvent, especially in chlorinated
rubber manufacture. Production and use information are proprietary, however
effluent monitoring data indicate that high levels (>100 ppb) of discharge
are associated with laundries, and the organic chemicals and mechanical
products industries (Table 5-l). The maximum levels in these waste-waters
were 109-250 ppb. Gaseous releases include vent gas and fugitive
emissions from the production and use of 1,1,2-trichloroethane as well as
volatilization from wastewater and municipal treatment plants. Releases to
soil are expected to involve the landfilling of sludge and process residues.
Thus far, 1,1,2-trichloroethane has been found at 45 of 1177 hazardous waste
sites on the National Priorities List (NPL) in the United States (VIEW
Database 1989). Based on the release pattern of other chlorinated ethanes
and ethenes, it is expected that the release pattern for 1,1,2-
trichloroethane is 70-90% to air, l0-30% to land, and a few percent to
water. No use with significant consumer, and general population exposures
has been identified.

If 1,1,2-trichloroethane is released into soil, it is expected to
partially leach into the subsurface and groundwater (because it has a low
soil adsorption coefficient), and to partially volatilize. In groundwater,
it will be subject to anaerobic biodegradation, however no information
concerning reaction rates is available. Biodegradation is expected to occur
in sediment and landfills when anaerobic conditions are present. The
mechanism for biodegradation is reductive dehalogenation, which leads to the
formation of vinyl chloride, a human carcinogen (USDHHS 1985). From the
limited data available, biodegradation under aerobic conditions, such as
exists in surface soil, will be very slow, at best. In surface water,
volatilization is the primary fate process (half-life 4.5 hr in a model
river). Adsorption to sediment, bioconcentration in aquatic organisms,
aerobic biodegradation, and hydrolysis are thought to be negligible by
comparison. In the atmosphere, the dominant removal process is expected to
be oxidation by photochemically-generated hydroxyl radicals, which proceeds
by H-atom abstraction (estimated half-life 49 days). The radical so
produced subsequently reacts with atmospheric oxygen and other atmospheric
species. Removal from the atmosphere is also thought to occur from washout
by precipitation; however, most of the 1,1,2-trichloroethane removed by this
process is expected to reenter the atmosphere by volatilization. Because
oxidation in the atmosphere is slow, considerable dispersion of
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1,1,2-trichloroethane from source areas would be expected to occur. Thus,
it is conceivable that 1,1,2-trichloroethane could be transported from other
countries where it may be more widely used.

The general population may be exposed to low levels of 1,1,2-
trichloroethane through inhalation of contaminated ambient air. Limited
monitoring data suggest that roughly one-quarter to one-half of the urban
population may be so exposed. Where 1,1,2-trichloroethane is found, levels
appear to be about l0-50 ppt. Results from a nationwide monitoring study
of groundwater supplies show that exposure to 1,1,2-trichloroethane from
contaminated drinking water appears to be uncommon (Westrick et al. 1984).
However, in a New Jersey survey, 6.7% of the wells contained detectable
levels of 1,1,2-trichloroethane; the most polluted wells being associated
with urban land use (Page 1981; Greenberg et al. 1982). It is difficult to
assess occupational exposure because data on current production and use are
unavailable. A National Occupational Exposure Survey (NOES) by the National
Institute of Occupational Safety and Health (NIOSH) through May 1988,
estimates that 1,036 employees are potentially exposed to 1,1,2-
trichloroethane in the United States. Occupational exposure will be
primarily via inhalation.

5.2 RELEASES TO THE ENVIRONMENT

5.2.1 Air

1,1,2-Trichloroethane is emitted in vent gas when produced by the
oxychlorination of ethylene dichloride (Liepins et al. 1977). Environmental
releases of 1,1,2-trichloroethane from l,l-dichloroethene manufacture are
small; an EPA study found no 1,1,2-trichloroethane in process vent gas
(Thomas et al. 1982). 1,1,2-Trichloroethane is formed in small quantities
and may be released in vent gas or fugitive emissions during the production
of other chlorinated hydrocarbons, for example, 1,2-dichloroethane and
l,l,l-trichloroethane (Thomas et al. 1982). Fugitive emission from its use
as a solvent and volatilization from wastewater constitute the major
environmental release of 1,1,2-trichloroethane. An estimate of the total
release of 1,1,2-trichloroethane was made for 1979 by comparing ambient
levels of l,l,l-trichloroethane and 1,1,2-trichloroethane in urban air and
releases of l,l,l-trichloroethane (Thomas et al. 1982). The annual amount
of 1,1,2-trichloroethane released annually was calculated to be 10,000-
20,000 million tons.

A correlation of data from the EPA Air Toxics Emission Inventory with
industrial source categories (SIC codes), shows that volatile emissions of
1,1,2-trichloroethane are associated with plastic materials and resins,
industrial organic chemicals, petroleum refining, gaskets-packing and
sealing devices, plating and polishing, residential lighting fixtures, radio
and TV communication equipment, electronic components, motor vehicles parts
and accessories, engineering and scientific instruments, photographic
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equipment and supplies (SIC Codes 2821, 2869, 2911, 3293, 3471, 3645, 3662,
3679, 3714, 3811, 3861) (EPA 1987a).

1,1,2-Trichloroethane was found at hazardous waste sites that are
included in the National Priorities List (NPL). Volatile organic compound
(VOC) emissions are observed at solid waste landfills (these emissions are
2.6-times greater in a wet climate than a dry one (Vogt et al. 1987)).
Therefore low levels of 1,1,2-trichloroethane may be expected in landfill
gases from NPL sites.

5.2.2 Water

Wastewater streams from the production of 1,1,2-trichloroethane by
liquid-phase chlorination of ethylene dichloride and the oxychlorination of
ethylene dichloride with HCl contain 1,1,2-trichloroethane (Liepins et al.
1977). Information on industries that discharge 1,1,2-trichloroethane, the
frequency of discharge, and concentration levels can best be obtained from
the results of a comprehensive wastewater survey conducted by the Effluent
Guidelines Division of the EPA shown in Table 5-l. Over 4000 samples of
wastewater from a broad range of industrial facilities and publicly-owned
treatment works were analyzed in this survey. While the percentage of
industries in a particular category containing 1,1,2-trichloroethane or the
volume of wastewater generated by them was not indicated, the data suggest
that significant amounts of 1,1,2-trichloroethane are released into
waterways nationwide (see Table 5-l). Between 1980 and 1988, 707 samples of
wastewater in EPA's STORET database were analyzed for 1,1,2-trichloroethane
(STORET 1988). Ten percent of the samples contained 10 parts per billion
(ppb) or higher concentrations of 1,1,2-trichloroethane and the maximum
level obtained was 360 ppb. Unfortunately, the detection limit is
apparently recorded when no chemical is detected, so it is impossible to say
whether the 90 percentile figure represents positive samples or merely
higher detection limits. EPA investigated priority pollutants in 40
geographically distributed publicly-owned treatment works (POTWs)
representing a variety of municipal treatment technologies, size ranges, and
industrial flow conditions. In this study, 1,1,2-trichloroethane was
detected in 7% of influent samples, 3% of effluent samples, and 4% of raw
sludge samples at maximum concentrations of 135, 6, and 2100 ppb,
respectively (EPA 1982c).

1,1,2-Trichloroethane was found at concentrations of 2.1, 26, and 180
ppb in three outfalls from the Dow Chemical of Canada plant into the St.
Clair River for a net loading of 3.5 kg/day (King and Sherbin 1986).
Puddles containing chlorinated hydrocarbons had been discovered on the
bottom of the St. Clair River, which received these effluents (King and
Sherbin 1986; Kaiser and Comba 1986). These chemicals are thought to be
products or byproducts of chlorinated hydrocarbons manufactured at this
site. Waste from this operation is now being incinerated but was
historically landfilled. Landfill leachate from the landfill is treated
with carbon and then discharged into a ditch leading to the St. Clair River.
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The concentration of 1,1,2-trichloroethane before and after treatment was
1,300 and 1,800 ppb. However the carbon filter was reportedly spent at the
time of the survey.

1,1,2-Trichloroethane was detected in two samples at 2-3 ppb from
Eugene, OR in the National Urban Runoff Program, in which 86 samples of
runoff from 19 cities throughout the U.S. were analyzed (Cole et al. 1984).
Runoff water from NPL hazardous waste sites containing 1,1,2-trichloroethane
might be contaminated with this pollutant. No monitoring studies of runoff
water from wastes sites was found in the available literature.

5.2.3 Soil

No information on the release of 1,1,2-trichloroethane to soil was
found in the available literature. It is anticipated that process residues
and sludge containing this chemical may be landfilled (Jackson et al. 1984).
In an experiment designed to simulate the anaerobic conditions for
biodegradation in landfills, 1,1,2-trichloroethane was found to be a
biodegradation product of 1,1,2,2-tetrachloroethane (Hallen et al. 1986).
Therefore 1,1,2.-trichloroethane may be produced in landfills or other
anaerobic environments (e.g. groundwater) that have been contaminated with
1,1,2,2-tetrachloroethane.

5.3 ENVIRONMENTAL FATE

5.3.1 Transport and Partitioning

Based on a measured Henry's Law Constant of 9.1x10-4 atm/m3-mol
(Ashworth et al. 1988), the volatilization half-life of 1,1,2-
trichloroethane in a model river 1 m deep flowing 1 m/set with a wind of 3
m/set is estimated to be 4.5 hr, with resistance in the liquid phase
primarily controlling volatilization (Thomas 1982). The half-life in a lake
or pond would be much longer. The half-life of 1,1,2-trichloroethane in the
lower Rhine river was 1.9 days (Zoeteman et al. 1980). This determination
was based on monitoring data and river flow data. This half-life was
ascribed to volatilization. In wastewater treatment plants that receive
refractory volatile compounds such as 1,1,2-trichloroethane from industrial
discharges or other sources, stripping will be an important mechanism for
transferring the chemical from the water into the air. In stripping, as
opposed to ordinary volatilization, the liquid and gas phases are dispersed
with the result that the interfacial surface area is much greater and
liquid/gas mass transfer greatly enhanced. In 5 pilot scale treatment
plants, 98 - >99% of 1,1,2-trichloroethane was removed by this process (EPA
1981). In view of its moderately high vapor pressure and low adsorptivity
to soil, 1,1,2-trichloroethane is expected to volatilize rapidly from soil
surfaces. In one experiment in which 1,1,2-trichloroethane was applied to a
column of sandy soil with a very low organic carbon content, volatilization
and leaching were equally important transport processes (Thomas et al.
1982).
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The adsorption based on organic carbon, Koc, of 1,1,2-trichloroethane
on a sandy forest soil (low organic carbon content and cation exchange
capacity, CEC), an agricultural soil, and a forest soil (pH lower than the
agricultural soil) was 60.0, 63.7, and 108, respectively (Seip et al. 1986).
In soil column experiments with these soils, the 1,1,2-trichloroethane moved
through the sandy forest soil almost at the same rate as water, whereas the
retardation was progressively greater in the agricultural soil and greatest
in forest soil; the respective retention coefficients (velocity of water
through the soil divided by the velocity of pollutant through the soil)
being 1.53, 4.52, and 8.11 (Seip et al. 1986). Therefore 1,1,2-
trichloroethane would not adsorb appreciably to soil, sediment, and
suspended solids in the water column and would be expected to readily leach
into the subsurface soil and groundwater. A second investigator obtained a
Koc of about 70 and a retardation factor of <1.5 using a sandy soil of lower
organic carbon content than that used in the first study (Wilson et al.
1981).

The bioconcentration factors for 1,1,2-trichloroethane reported in the
literature are <10 (Kawasaki 1980) and 17 (Isnard and Lambert 1988).
Therefore it would not be expected to bioconcentrate in fish to any great
extent.

5.3.2 Transformation and Degradation

5.3.2.1 Air

In the atmosphere, 1,1,2-trichloroethane will be degraded by reaction
with photochemically-produced hydroxyl radicals. The reaction proceeds by
H-atom abstraction to yield water and the corresponding C2H2Cl3 radical.
The rate of this reaction is 3.28x10-13 cc/molecules-set which would give
rise to a half-life of 49 days, assuming an average hydroxyl radical
concentration of 5x105 radicals/cc (Jeong et al. 1984).

5.3.2.2 Water

1,1,2-Trichloroethane undergoes both a pH-independent and a basecatalyzed
hyrolysis at environmental pH's. The neutral hydrolysis process is a substitution
reaction leading to the formation of an alcohol, while the base-catalyzed reaction
is an elimination reaction giving rise to l,ldichloroethene and HCl (Mabey et al.
1983; Vogel et al. 1987).  In the case of 1,1,2-trichloroethane, the base-
catalyzed rate is 5.9x10-3 l/mol-set at 25°C and is dominant above pH 5.4; the
neutral rate is only 9x10-8 sec-1

at 80°C (Mabey et al. 1983). The half-life would be 37 years at pH 7 and 135
days. at pH 9. This is consistent with observations that no significant
decrease in concentration occurs in 8 days in sterilized water (Jensen and
Rosenberg 1975). No significant degradation was obtained in seawater, (pH
7.4-7.7) in 14 days at a temperature of ll-12°C (Jensen and Rosenberg 1975).
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1,1,2-Trichloroethane showed no biodegradation in both a 24-day
modified shake flask test and a river die-away test (Mudder and Musterman
1982). In two other biodegradabation screening tests, one investigator
reported no degradation and the other slow degradation after a long
acclimation period (Kawasaki 1980; Tabak et al. 1981). However the unknot
extent to which volatilization contributed to losses in the second study
makes the results suspect.

Under anaerobic conditions, 1,1,2-trichloroethane is reported to
undergo dehalogenation. In order to establish whether this is a
biologically mediated reaction and not simply an abiotic reaction catalyzed
by free iron or iron porphyrin at low redox potential, Dow Chemical
conducted 28-day studies in sterile solutions (Klecka and Gonsior 1983).
They found that ppm concentrations of 1,1,2-trichloroethane did not undergo
nonenzymatic dehalogenation in a sterile, anaerobic solution at pH 7 or when
a sulfide redox buffer or hematin was added (Klecka and Gonsior 1983).

5.3.2.3 Soil

The only study located regarding the degradation of 1,1,2-trichloro-
ethane in soil involved subsurface samples taken from the margin of a

floodplain near Lula, Oklahoma (Wilson et al. 1983). These samples were
obtained both above the water table of a shallow aquifer and in the
unconsolidated material in the saturated zone. A portion of the soil was
sterilized and slurries were made and test chemical added. Manipulations
made with samples from the saturated zone were carried out under nitrogen.
After 16 weeks of incubation, no degradation of 1,1,2-trichloroethan was
observed in the samples from above or below the water table. These results
are in conflict with other studies (Wilson et al. 1983). It has been
suggested that the time frame for the experiment may have been insufficient
for resident microorganisms to have become acclimated to the chemical
(Newsom 1985).

In an attempt to simulate the anaerobic conditions for biodegradation
in landfills, experiments were performed under anoxic conditions using
inocula from anaerobic digester units of wastewater treatment facilities
that were not acclimated to industrial solvents. After 1 week of incubation
with 10 µg/L of 1,1,2-trichloroethane, 0.44 µg/g of vinyl chloride was
formed, the highest level observed from any of the chlorinated ethanes or
ethenes studied (Hallen et al. 1986). In further experiments when the
concentration of inoculum was increased, 4.3 and 5.8 µg/g of vinyl chloride
was formed after 1 and 2 weeks, respectively. The degradation reactions
observed not only include reductive dehalogenation but the transformation of
chlorinated ethanes into ethenes. It is interesting to note that autoclaved
controls for a 1,1,2-trichloroethane anaerobic biodegradation experiment
yielded l,l,-dichloroethene (Molton et al. 1987). The formation of
l,ldichloroethene indicates that the conversion of 1,1,2-trichloroethane is
nonbiological.



68

5. POTENTIAL FOR HUMAN EXPOSURE

5.4 LEVELS MONITORED OR ESTIMATED IN THE ENVIRONMENT

5.4.1 Air

Two air samples from rural Oklahoma and air samples from rural areas of
the Pacific Northwest did not contain 1,1,2-trichloroethane (Brodzinsky and
Singh 1982; Grimsrud and Rasmussen 1975). While both inland and nearshore
rural sites near San Francisco averaged 14 parts per trillion (ppt) of
1,1,2-trichloroethane, 95% of inland sites and 46% of nearshore sites
contained levels above the 6 ppt detection limit (Singh et al. 1977). In
930 urban/suburban sites in the U.S. the 25th, 50th, 75th percentile and
maximum concentration of 1,1,2-trichloroethane was 0, 9.1, 22, and 11,000
ppt, respectively (Brodzinsky and Singh 1982). Other studies that include
13 major U.S. cities, report average air concentrations of 1,1,2-
trichloroethane ranging from 6-41 ppt (Singh et al. 1981; Singh et al. 1982;
Harkov et al. 1983; Lioy et al. 1983). In the study by Harkov et al.,
(1983) air concentrations in Camden, Elizabeth, and Newark, NJ were
monitored during the summer of 1981. Of the 111 samples measured, 27%
contained a detectable quantity of the pollutant, with a detection limit of
5 PPt. The following winter, 41% of the samples from these cities contained
1,1,2-trichloroethane. The geometric mean concentrations ranged from 20-50
ppt for the winter measurements. This was significantly higher than the 10
ppt value obtained the previous summer (Harkov et al. 1987). The median
concentration of 1,1,2-trichloroethane in 97 samples obtained from source-
related areas throughout the U.S. was 45 ppt. Of these samples, 25%
exceeded 210 ppt and a maximum concentration was 2,300 ppt was measured in
Dominguez, CA (Brodzinsky and Singh 1982). The data compiled by Brodzinsky
and Singh (1982) has been reviewed and most of it is of good quality. More
data have now been added to this National Ambient Volatile Organic Compounds
Database bringing the number of monitoring data points to 886 (Shah and
Heyerdahl 1988). According to this database, the median concentration of
1,1,2-trichloroethane in rural, suburban, and urban areas was 0 ppt; at
source-dominated sites the median 1,1,2-trichloroethane concentration was 2
PPt. The limited monitoring data suggest that roughly one-quarter to one-
half of the urban population may be exposed to the compound in air. Where
1,1,2-trichloroethane is found, most levels range from l0-50 ppt.

The only data on levels of 1,1,2-trichloroethane measured in indoor air
were contained in a study of eight homes in Knoxville, TN obtained during
the winter (Gupta et al. 1984). Eleven of sixteen samples contained 1,1,2-
trichloroethane with a mean [SD] concentration of 14.1 [7.8] µg/m3 (2.5
[l.4] ppb), however samples taken outside the homes did not contain
detectable levels of the chemical.  Sources of the 1,1,2-trichloroethane
inside the homes may be building materials or solvent-containing products.

Traces to 0.32 ppb of 1,1,2-trichloroethane in air samples were found
in Iberville Parish, Louisianna, where many organic chemical and producer,
user, and storage facilities are located along the Mississippi River
(Pellizarri 1982).
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5.4.2 Water

1,1,2-Trichloroethane was not detected in composite samples of the
water supplies of Philadelphia, PA and Huntington, WV, both of which are
derived from surface sources (Dreisch et al. 1980). The levels in finished
water from a New Orleans, LA water supply ranged from 0.1 to 8.5 ppb (EPA
1980). In a l0-city EPA survey conducted in 1975, 1,1,2-trichloroethane
was only detected in the water supply of Miami, FL, which obtains its water
from a groundwater source (EPA 1975). The level of contamination was not
determined. The maximum concentration of 1,1,2-trichloroethane detected in
a survey of community and noncommunity water supplies from groundwater
sources and private wells in Suffolk County, NY, was 13 ppb (Zaki et al.
1986). 1,1,2-Trichloroethane has been found in 10 private wells in Rhode
Island, at a concentration range of 1.0 to 14.0 ppb (RIDH 1989). A survey
of Denver, CO, drinking water conducted in late 1985 to early 1986, found no
1,1,2-trichloroethane in the samples tested (Rogers et al. 1987). In a U.S.
Groundwater Supply survey, none of the 945 groundwater supply sources tested
contained 1,1,2-trichloroethane at a quantitation limit of 0.5 ppb (Westrick
et al. 1984). 1,1,2-Trichloroethane was found in 6 of the 1174 community
wells and 19 of the 617 private wells in a Wisconsin survey conducted in the
early 1980s (Krill and Sonzogni 1986). All wells contained less than the
recommended health advisory level of 6.1 ppb. Representative samples of
ground and surface water were analyzed from the state of New Jersey during
1977-1979 (Page 1981). These samples were collected from every county, from
urban, suburban, and rural areas, and from areas of every land use common in
the state. Seventy-two of the 1069 groundwater samples (6.7%) and 53 of the
603 surface water samples (8.7%) contained detectable levels of 1,1,2-
trichloroethane with concentrations as high as 31.1 and 18.7 ppb being found
for ground and surface water, respectively. Some of the most polluted wells
were under urban land use areas (Page 1981, Greenberg et al. 1982). Ground
water near landfill sites in Minnesota and Wisconsin contained up to 31 ppb
of 1,1,2-trichloroethane (Sabel and Clark 1984).

Of 7 samples from two Ohio River tributaries, 3 were positive for
1,1,2-trichloroethane (0.6 ppb maximum). However, only 4% of the samples
from the Ohio mainstream were positive and the compound was not found in 88
additional stations (Ohio River Valley Sanitation Commission 1980). One
measurement of 1,1,2-trichloroethane in marine water was found, 153 ppt off
the shore at Point Reyes, CA (Singh et al. 1977).

Between 1980 and 1988, 3255 samples of surface water in EPA's STORET
database were analyzed for 1,1,2-trichloroethane (STORET 1988). Ten percent
of the samples contained the chemical at 10 parts per billion (ppb) or
higher. A maximum level of 18,000 ppb was reported in 1982. The maximum
concentration of 1,1,2-trichloroethane reported for subsequent years ranged
from 10 to 125 ppb. Of the 22,615 samples of groundkater in the database,
10% were above 3 ppb. The maximum concentration of 1,1,2-trichloroethane in
a groundwater was 350,000 ppb, reported in 1985. For the other years, the
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maximum concentration reported ranged from 18 to 1800 ppb. Unfortunately,
the detection limit is apparently recorded in STORET when no chemical is
detected, so it is impossible to say whether the 90 percentile figure
represents positive samples or merely higher detection limits.

5.4.3 Soil

1,1,2-Trichloroethane was found in 25 of the 418 hazardous waste sites
listed on the National Priorities List of highest priority sites for
possible remedial action (Mitre 1987). Additionally, it was found in 3
sites in the Contract Laboratory Statistical Database at mean concentrations
ranging from 12 to 636 ppb (Viar and Company 1987).

5.4.4 Other Media

1,1,2-Trichloroethane was detected in 9 of 22 commercial batches of
technical grade l,l,l-trichloroethane supplied by eight different European
manufacturers and dealers (Henschler et al. 1980). The concentration in
these samples ranged from 300 to 3,015 ppm and the detection limit was 0.5
PPm. It was also found in some commercially available trichloroethylene in
Japan (Tsuruta et al. 1983).

1,1,2-Trichloroethane was not detected in any of the 46 composite
samples of human adipose tissue collected during FY82 as part of the
National Human Adipose Tissue Survey (Stanley 1986). The composite
specimens represented the nine U.S. census divisions stratified by three age
groups (0-14, 15-44, 45 plus). Between July and December 1980, air and
breath from nine New Jersey subjects were monitored in a pilot study to
measure personal exposure to volatile organic substances for EPA's Total
Exposure Assessment Methodology (TEAM) Study (Wallace et al. 1984). The
personal air concentrations of 1,1,2-trichloroethane were below the
detection limit in 151 of 161 of the samples, 7 contained trace levels of
the chemical and the others ranged from 0.14 to 34.70 µg/m3 (0.025 to 6.25
ppb), with a median of 0.35 µg/m3 (0.063 ppb) (Wallace et al. 1984).
Breath samples were negative in 44 of 49 samples and the others ranged from
trace to 5.13 µg/m3 (0.92 ppb), with a median of 0.2 µg/m3 (0,036 ppb). No
1,1,2-trichloroethane was found in the subjects' drinking water at home.

5.5 GENERAL POPULATION AND OCCUPATIONAL EXPOSURE

A National Occupational Exposure Survey (NOES) conducted by NIOSH from
1981 to 1983 estimates that 1036 workers, including 15 women, are
potentially exposed to 1,1,2-trichloroethane in the United States (NIOSH
1988). The estimate is provisional, as all of the data for trade name
products which may contain 1,1,2-trichloroethane have not been analyzed.
The NOES survey was based on field surveys of 4,490 facilities and was
designed as a nationwide survey based on a statistical sample of virtually
all workplace environments in the United States where eight or more persons
are employed in all SIC codes except mining and agriculture. In the earlier
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NIOSH National Occupational Hazard Survey, the highest exposures occurred
around blast furnaces, in steel rolling mills and in factories manufacturing
technical instruments (Konietzko 1984).

Consistent with its tendency to partition into air, most exposures to
1,1,2-trichloroethane are from air. Limited monitoring data suggest that
one-quarter to one-half of the urban population may be exposed to the
compound in air. Where 1,1,2-trichloroethane is found, levels appear to be
about l0-50 ppt, for an average daily intake of 1.1-5.5 µg/day. It appears
that the general population is rarely exposed to 1,1,2-trichloroethane in
drinking water.

5.6 POPULATIONS WITH POTENTIALLY HIGH EXPOSURE

If people use products containing 1,1,2-trichloroethane as a solvent,
they will be potentially exposed to high levels of this chemical. Moolenaar
and Olson (1989), in a written communication as spokesmen for the Dow
Chemical Company, however, stated that they are not aware of any consumer
uses and that the Dow Chemical Company screens potential customers to
determine how they intend to use the 1,1,2-trichloroethane they purchase.
Therefore, the potential for exposure from use of consumer products is
probably low.

While it appears that exposure to high levels of 1,1,2-trichloroethane
is rare, there are a few data that indicate that a small number of people
may be exposed to high levels of 1,1,2-trichloroethane from contaminated air
or drinking water. In Lake Charles, LA, the median and maximum air
concentrations of 1,1,2-trichloroethane were 4.8 and 7.4 ppb (Brodzinsky and
Singh 1982). This indicates that half of the population of this community
have a daily intake of 530 to 820 µg/g, compared with a median intake of 2.6
µg/g for all the urban/suburban areas of the United States that were
monitored. Other cities where air concentrations greater than 0.1 ppb were
sometimes observed were Elizabeth, NJ, Deer Park, TX, Freeport, TX, Geismar,
LA, Edison, NJ, and Domingues, CA (Brodzinsky and Singh 1982). The data
indicate that the air concentrations are variable, and only occasionally are
high levels of 1,1,2-trichloroethane observed. From the available data, it
is apparent that some wells in Suffolk County, NY, New Jersey, and near
landfills in Minnesota and Wisconsin contain 1,1,2-trichloroethane
concentrations as high as 13 to 31 ppb, corresponding to an average daily
intake of 26 to 62 µg/g per day. The available data are insufficient to
estimate the number of people that may be exposed to high levels of 1,1,2-
trichloroethane.

5.7 ADEQUACY OF THE DATABASE

5.7.1 Data Needs

Physical and Chemical Properties. The physical and chemical properties of
1,1,2-trichloroethane have been adequately characterized (see Table 3.2).
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Environmental Fate. Further investigation would resolve the
discrepancies in the data for anaerobic degradation of 1,1,2-
trichloroethane. Additional studies are needed to characterize the nature
of the transformation and to clarify whether biotic, abiotic, or catalyzed
abiotic reactions are involved. Will these reactions generally occur under
environmental conditions? A determination of the half-life in
representative groundwater and sediment-water systems would be useful. From
the available evidence, biodegradation in aerobic systems appears unlikely,
although additional studies, particularly in soil, are desireable and would
clarify this point.

Exposure Levels in Environmental Media. The best estimates of exposure are
based on monitoring data and these data add credence to emission and exposure
estimates based on production and use. In the case of 1,1,2-trichloroethane,
monitoring data are fragmentary and not very recent; most of the data are from the
early 1980s or earlier. Information on production and use, particularly that with
the largest probability for exposure, is not available. While 1,1,2-
trichloroethane may be contained in some consumer products, the Dow Chemical
Company is not aware of any consumer uses (Moolenaar and Olson 1989).

Exposure Levels in Humans. Estimates of general population and
occupational exposure require current monitoring data or current data on
production and use. This information is not available. The use pattern of
1,1,2-trichloroethane may have changed since the NOES. If this is the case,
the results of the NOES could be reanalyzed in order to reflect current
occupational exposures.

Exposure Registries. Other than the NIOSH survey, no exposure
registries for 1,1,2-trichloroethane were located. The development of a
registry of exposed persons would provide a useful reference tool in
assessing exposure levels and frequency. In addition, a registry would
allow an assessment of the variations in exposure concentrations by, for
example, geography, season, regulatory actions, presence of hazardous waste
landfills, or manufacturing or use facility. These assessments, in turn,
would provide a better understanding of the needs for some types of research
or data acquisition based on the current exposure concentrations.
Additionally, such a database of exposures would be useful for linking
exposure to 1,1,2-trichloroethane with specific toxic effects or diseases.

5.7.2 On-going Studies

No information was found which would indicate that there are studies in
progress that relate to the environmental fate of 1,1,2-trichloroethane. As
part of the Third National Health and Nutrition Evaluation Survey (NHANES
III), the Environmental Health Laboratory Sciences Division of the Center
for Environmental Health and Injury Control, Centers for Disease Control,
will be analyzing human blood samples for 1,1,2-trichloroethane and other
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volatile organic compounds. These data will give an indication of the
frequency of occurrence and background levels of these compounds in the
general population. NIOSH is continuing to revise its estimates of
occupational exposures in its National Occupational Exposure Survey (NOES)
through the inclusion of trade name compounds. No other on-going studies
regarding general or occupational exposure to 1,1,2-trichloroethane were
located. According to the Emergency Planning and Community Right to Know
Act of 1986 (EPCRTKA), (§313), (Pub. L. 99-499, Title III, §313), industries
are required to submit release information to the EPA. The Toxic Release
Inventory (TRI), which contains release information for 1987, became
available in May of 1989. This database will be updated yearly and should
provide a more reliable estimate of industrial production and emission,
which will be useful for determining potential human exposure.
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6.1 BIOLOGICAL MATERIALS

The analytical methods for the determination of 1,1,2-trichloroethane
in biological matrices are given in Table 6-1. Very few studies exist in
the literature that report the analyses of this compound in biological
matrices. The discussion about the methods that may be most sensitive for
the determination of 1,1,2-trichloroethane levels in environmental samples
and the advantages and disadvantages of the commonly used methods as given
for environmental samples are thought to be applicable for biological
samples because identical quantification methods are used for both kinds of
samples. Most biological samples, however, pose unique problems during
quantification. For example, the binding of the analytes to protein in
samples containing high protein (e.g., whole blood) may result in reduced
recovery (Cramer et al. 1988). Both blood and urine are very susceptible to
foaming, especially at-high temperatures used during purging (Cramer et al.
1988; Michael et al. 1980). Poor and variable recovery has also been
observed for tissue samples with high lipid content (Michael et al. 1980).

6.2 ENVIRONMENTAL SAMPLES

The common methods used for the determination of 1,1,2-trichloroethane
in environmental samples are given in Table 6-2. The two common methods
that are used for the preconcentration of 1,1,2-trichloroethane for the
determination of its levels in air are adsorption on a sorbent column or
collection in a cryogenically-cooled trap. The disadvantage with the
cryogenic cooling is that the method is cumbersome and condensation of
moisture in the air may block the passage of further air flow through the
trap. The disadvantages with the sorption tubes are that the sorption and
desorption efficiencies may not be 100% and that the background impurities
in the sorbent tubes may limit detection in samples containing low
concentrations (Cox 1983).

The most common method for the determination of 1,1,2-trichloroethane
levels in water, sediment, soil, and aquatic species is the purging of the
vapor from the sample or its suspension in water with an inert gas and
trapping the desorbed vapors in a sorbent trap. Subsequent thermal
desorption is used for the quantification of its concentration.

The two quantification methods that provide the lowest detection limits
are halide-specific detection (e.g., Hall electrolytic conductivity
detector) and mass spectrometry. Since the compound has three chlorine
atoms, electron capture detection is also very sensitive for this compound.
The advantages of halide-specific detectors are that they are not only very
sensitive but are also specific for halide compounds. The mass
spectrometer, on the other hand, provides an additional confirmation of the
presence of a compound through the ionization patterns, and is desirable
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when a variety of compounds must be quantified. The inability of halide-
specific detectors to detect and quantify non-halogen compounds can be
greatly overcome by using other detectors (e.g., photoionization detector)
in series (Lopez-Avila et al, 1987; Driscoll et al. 1987). High-resolution
gas chromatography with capillary columns is a better method for volatile
compounds than are packed columns because they provide better resolution of
closely eluting compounds and increase the sensitivity of detection. In
addition, purge and whole-column cryotrapping eliminates the need for the
conventional purge-and-trap unit and reduces the time of analysis (Pankow
and Rosen 1988). The plugging of the trap by the condensation of moisture
during cryotrapping may be avoided by the use of a very wide-bore capillary
column, although the chromatographic resolution of such a column is inferior
to narrow-bore capillary columns (Pankow and Rosen 1988; Mosesman et al.
1987). Regardless of the analytical method used for biological and
environmental samples, precautions should be taken during sampling,
preservation, and storage of samples to prevent loss from volatilization.

6.3 Adequacy of the Database

6.3.1 Data Needs

Methods for Determining Parent Compounds and Metabolites in Biological
Materials. The analytical methods for determining levels of volatile chlorinated
compounds in biological media are general ones, applicable to the entire class of
chemicals. The publications that describe these methods do not report either the
recovery or the detection limit of 1,1,2-trichloroethane in different biological
matrices. The study of the levels of the parent compound in human blood, urine or
other biological matrices can be useful in deriving a correlation between the
level of this compound found in the environment and those found in human tissue or
body fluid.  Such correlation studies are unavailable for this compound, although
the parent compound has been detected in human breath and urine (see Subsection
2.4).

No metabolite of 1,1,2-trichloroethane from human exposure to this
compound has yet been identified (see Subsection 2.6.3). The changes in
metabolite concentrations with time in human blood, urine, or other
appropriate biological medium may be useful in estimating its rate of
metabolism in humans. In some instances, a metabolite may be useful in
correlating the exposed doses to the human body burden. Such studies on the
levels of metabolites in human biological matrices are not available for
this compound, although metabolic products of this compound from animal and
in vitro studies have been identified (see Subsection 2.6.3) and analytical
methods for their quantification are available.

Methods for Biomarkers of Exposure. No studies were located that
identified biomarkers specific for 1,1,2-trichloroethane-induced disease
states (see Subsection 2.9.2). If a biomarker for this compound in a human
biological tissue or fluid were available and a correlation were found to
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exist between the level of biomarker and a certain health effect, it could
be used as an indication of a health effect caused by the exposure to this
chemical.

Methods for Determining Parent Compounds and Degradation Products in
Environmental Media. As shown in Table 6-2, methods are available for the analysis
of 1,1,2-trichloroethane in environmental samples. The levels of this compound in
different environmental media can be used to indicate whether there could be human
exposure to this compound through the inhalation of air and ingestion of drinking
water and foods containing 1,1,2-trichloroethane. If a correlation with human
tissue or body fluid levels were available, the intake levels from different
environmental sources can be used to estimate the body burden of the chemical in
humans.

Although the products of biotic and abiotic processes of this compound in
the environment are adequately known, no systematic study is available that
measured the concentrations of its reaction products in the environment. In
instances where the product(s) of an environmental reaction is more toxic than the
parent compound, it is important that the level of the reaction products in the
environment be known. It is known that 1,1,2- trichloroethane under anaerobic
conditions (e.g. in anaerobic soils leading to contamination to groundwater) may
dehydrochlorinate to vinyl chloride (see Section 5.3), a compound more toxic than
the parent compound. The analytical methods for the determination of the levels of
these and other environmental degradation products of 1,1,2-trichloroethane are
available.

6.3.2 Ongoing Studies

The Environmental Health Laboratory Sciences Division of the Center for
Environmental Health and Injury Control, Centers for Disease Control, is
developing methods for the analysis of 1,1,2-trichloroethane and other
volatile organic compounds in blood. These methods use purge and trap
methodology and magnetic mass spectrometry which gives detection limits in
the low parts per trillion range.
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International, national, and state regulations and guidelines pertinent
to human exposure to 1,1,2-trichloroethane are summarized in Table 7-1.

1,1,2-Trichloroethane is regulated by the Clean Water Effluent
Guidelines for the following industrial point sources: electroplating,
organic chemicals, steam electric, asbestos, timber products processing,
metal finishing, paving and roofing, paint formulating, ink formulating, gum
and wood, carbon black, and electrical and electronic components (EPA
1988b).









85

8. REFERENCES

*ACGIH. 1988. Threshold Limit Values and biological exposure indices for
1987 and 1988. ACGIH, Cincinnati, OH. p. 34

*Albano E, Tomasi A, Cheeseman KH, et al. Use of isolated hepatocytes for
the detection of free radical intermediates of halogenated hydrocarbons.
Free Radicals Liver Inj Proc Int Meet 1st. p. 7-16.

*Amin TA, Narang RS. 1985. Determination of volatile organics in sediment
at nanogram-per-gram concentrations by gas chromatography. Anal Chem
57:648-651.

Anders MW, Jakobson I. 1985. Biotransformation of halogenated solvents.
Stand J Work Environ Health ll(Supp1 1):23-32

*Archer WL. 1979. Other chloroethanes. In: Kirk-Othmer Encyclopedia of
Chemical Technology. 3rd ed. 5:722-742.

Ashby J, Tennant RW. 1988. Chemical structure, Salmonella mutagenicity and
extent of carcinogenicity as indicators of genotoxic carcinogenesis among
222 chemicals tested in rodents by the U.S. Mutat Res 204:17-115

*Ashworth RA, Howe GB, Mullins ME, et al. 1988. Air-water partitioning
coefficients of organics in dilute solutions. J Hazard Mater 18:25-36.

*ATSDR. 1988. 1988 (October 26). View Data Base Atlanta, GA: Agency for
Toxic Substances and Disease Registry (ATSDR), Office of External Affairs,
Exposure and Disease Registry Branch.

Barber ED, Donish WH, Mueller KR. 1980. Quantitative measurement of the
mutagenicity of volatile liquids in the Ames Salmonella/microsome assay
[Abstract]. Environ Mutagen 2:307.

Barber ED, Donish WH, Mueller KR. 1981. A procedure for the quantitative
measurement of the mutagenicity of volatile liquids in the Ames Salmonella
typhimurium microsome assay. Mutat Res 90:31-48.

*Barber ED, Donish WH. 1982. An exposure system for quantitative
measurements of the microbial mutagenicity of volatile liquids. Environ.Sci
Res 25:3-18.

____________________

*Cited in text



86

8. REFERENCES

*Barkley J, Bunch J, Bursey JT, et al. 1980. Gas chromatography mass
spectrometry computer analysis of volatile halogenated hydrocarbons in man
and his environment: A multimedia environmental study. Biomed Mass Spect
7:139-147.

*Bauer U. 1981a. [Human exposure to environmental chemicals: Studies on
volatile organic halogenated compounds in water, air, food and human
tissues, III * Results of studies.] Zentralbl Bakteriol Mikrobiol Hyg Abt
1 Orig B 174:200-237. (German)

*Bauer U. 1981b. [Human exposure to environmental chemicals: Investigations
on volatile organic halogenated compounds in water, air, food and
human tissues: IV. Calculation of human exposure to organic halogenated
compounds from the environment.] Zentralb Bakteriol Hyg Abt 1 Orig B
174:556-583. (German)

Birnbaum LS. 1987. Age-related changes in carcinogen metabolism. J Am
Geriatr Sot 35:51-60

Bolt HM. 1987. Pharmacokinetic factors and their implications in the
induction of mouse liver tumors by halogenated hydrocarbons. Arch Toxicol
10(supp1):190-203

*Bonnet P, Francin JM, Gradiski D, et al. 1980. [Determination of the
median lethal concentration of principle chlorinated aliphatic hydrocarbons
in the rat.] Arch Ma1 Prof Med Trav Secur Sot 41:317-321. (French)

*Borzelleca JF. 1983. A review of volatile organic contaminant data. Proc
AWWA Water Qua1 Technol Conf 225:244.

*Bouwer EJ, McCarty PL. 1983. Transformation of l- and 2-carbon
halogenate aliphate organic compounds under methonorganic conditions. Appl
Environ Microbial 45:1286-1294.

*Brodzinsky R, Singh HB. 1982. Volatile organic chemicals in the
atmosphere: An assessment of available data. SRI International,
Atmospheric Science Center, Menlo Park, CA. Contract 68-02-3452, 98-99.

*Bronzetti G, Galli A, Vellosi R, et al. 1987. [Genetic activity of
chlorinated ethanes.] Eur J Cancer Clin Oncol 23:1737-1738. (Italian)

*Carlson GP. 1973. Effect of phenobarbital and 3-methylcholanthrene
pretreatment on the hepatotoxicity of l,l,l-trichloroethane and 1,1,2-
trichloroethane. Life Sci 13:67-73.

*Carpenter CP, Smyth HF, Jr, Pozzani UC. 1949. The assay of acute vapor
toxicity, and the grading and interpretation of results on 96 chemical
compounds. J Ind Hyg Toxicol 31:343-346.



87

8. REFERENCES

*CAS. 1988. CA Registry File. Computer Printout.

*Chang LW, Pereira MA, Klaunig JE. 1985. Cytotoxicity of halogenated
alkanes in primary cultures of rat hepatocytes from normal, partial
hepatectomized and preneoplastic/neoplastic liver. Toxico1 Appl Pharmacol
80:274-283.

*Cole RH, Frederick RE, Healy RP, Roban RG, 1984. Preliminary findings of
the priority pollutant monitoring project of the Nationwide Urban Runoff
Program.

*Comba ME, Kaiser KLE. 1983. Determination of volatile contaminants at the
ng‘l-l level in water by capillary gas chromatography with electron capture
detection. Int J Environ Anal Chem 16:17-31.

*Cox RD. 1983. Sample collection and analytical techniques for volatile
organics in air. Spec Conf Meas Monit Non-Criter (toxic) Contam Air, lOl-
112.

*Cramer PH, Boggess KE, Hosenfeld JM, et al. 1988. Determination of
organic chemicals in human whole blood: preliminary method development for
volatile organics. Bull Environ Contam Toxico1 40:612-618.

*De Ceaurriz J, Bonnet P, Certin C, et al. 1981. [Chemicals as central
nervous system depressants. Benefits of an animal model.] Cah Notes Dot
104:351-355. (French)

*DiRenzo AB, Gandolfi AJ, Sipes IG. 1982. Microsomal bioactivation and
covalent bonding of aliphatic halkides to DNA. Toxico1 Lett 11:243-253.

DiRenzo AB, Gandolfi AJ, Sipes IG, et al. 1982b. Effect of senescence on
the bioactivation of aliphatic halides. Res Commun Chem Patho1 Pharmacol
36:493-502

DiRenzo AB, Gandolfi AJ, Sipes IG, et al. Effect of 02 tension on the
bioactivation and metabolism of aliphatic halides by primary rat-hepatocyte
cultures. Xenobiotica 14:521-525

*Divincenzo GD, Krasavage WJ. 1974. Serum ornithine carbamyl transferase
as a liver response test for exposure to organic solvents. Am Ind Hyg Assoc
J 35:21-29.

*Dreisch FA, Gower M, Munson TO. 1980. Survey of the Huntington and
Philadelphia river water supplies for purgeable organic contaminants. EPA-
903/9-81-003. U.S. EPA, Annapolis, MD, 24.

*Driscoll JN, Duffy M, Pappas S, Webb M. 1987. Analysis of purgeable
organics in water by capillary GC/PIP-EICD. J Chromatogr Sci 25:369-375.



88

8. REFERENCES

*Duprat P, Delsaut L, Gradiski D. 1976. [Irritating power of the principal
aliphatic chloride solvents on the skin and ocular mucosa of the rabbit.]
Eur J Toxicol Environ 9:171-177. (French)

Elovaara E, Hemminki K, Vainio H. 1979. Effects of methylene chloride,
trichloroethane, trichloroethylene and toluene on the development of chick
embryos. Toxicology 12:111-119.

*EPA. 1975. Preliminary assessment of suspected carcinogens in drinking
water: Report to Congress. Environmental Protection Agency, Office of
Toxic Substances, Washington, DC.

*EPA. 1980. Ambient Water Quality Criteria for Chlorinated Ethanes.
Environmental Protection Agency, Office of Water Regulations and Standards,
Washington DC. EPA 440/5-80-029.

*EPA. 1981. Treatability Manual. EPA-600/2-82-00lA, Environmental
Protection Agency, Washington, DC;1.12-9.1-1.12-9.4.

*EPA. 1982a. Methods for Organic Chemical Analysis of Municipal and
Industrial Wastewater. Method Nos. 601 and 624. Environmental Protection
Agency, Environmental Monitoring and Support Laboratory, Cincinnati, OH.

*EPA. 1982b. Test Methods for Evaluating Solid Waste. SW-846, 2nd ed.,
Physical/Chemical Methods. Method No. 5030. Environmental Protection
Agency, Office of Solid Waste and Emergency Response, Washington, DC.

*EPA. 1982c. Fate of Priority Pollutants in Publicly Owned Treatment
Works. Volume 1. Environmental Protection Agency. EPA 440/l-82/303. p.
35-44.

*EPA. 1986a. Methods for the Determination of Organic Compounds in
Finished Drinking Water and Raw Source Water. Method Nos. 502.1 and 524.2.
Environmental Protection Agency, Physical and Chemical Methods Branch,
Environmental Monitoring and Support Laboratory, Cincinnati, OH.

*EPA. 1986b. Test Methods for Evaluating Solid Waste SW-846, 3rd ed., vol.
1B: Laboratory Manual: Physical/Chemical Methods. Environmental
Protection AGency, Office of Solid Waste and Emergency Response, Washington,
DC.

*EPA. 1986c. Hazardous States Environmental Protection Agency. 1986.
Hazardous waste management system; identification and listing of hazardous
waste. Federal Register 51:6537-6537.

EPA. 1986d. Health effects assessment for 1,1,2-trichloroethane. U.S.
Environmental Protection Agency, Environmental Criteria and Assessment
Office, Cincinnati, OH. NTIS/PB86-134566



89

8. REFERENCES

*EPA. 1987a. U.S. EPA Contract Laboratory Program Statement of Work for
Organic Analysis. Environmental Protection Agency, Washington, DC.

*EPA. 1987b. Drinking Water Health Advisory for 1,1,2-Trichloroethane.
Draft. Prepared by ECAO for ODW EPA, Washington, DC.

*EPA. 1987c. National primary drinking water regulations; synthetic
organic chemicals; monitoring for unregulated contaminants. Federal
Register 52:25690-25717.

*EPA. 1988a. Integrated Risk Information System (IRIS). Risk Estimate for
Carcinogenicity for 1,1,2-trichloroethane. Online. (Revised; Verification
date 7/23/86) Office of Healh and Environmental Assessment, Environmental
Criteria and Assessment Office, Cincinnati, OH.

*EPA. 1988b. U.S. Environmental Protection Agency. Analysis of Clean
Water Act Effluent Guidelines Pollutants. Summary of the Chemicals
Regulated by Industrial Point Source Category. 40 CFR Parts 400-475.
Draft. Prepared by the Industrial Technology Division (WH 552), Office of
Water Regulations and Standards, Office of Water, U.S. EPA, Washington, DC.

*Filser JG, Jurg P, Bolt HM. 1982. Decreased acetone exhalation induced by
metabolites of halogenated Cl and C2 compounds. Arch Toxico1 49:107-116

*FSTRAC. 1988. Summary of State and Federal Drinking Water Standards and
Guidelines By Chemical Communication Subcommittee Federal State Toxicology
of Regulatory Alliance Committee.

Gandolfi AJ, Van Dyke RA. Dechlorination of chloroethane with a
reconstituted liver microsomal system. Biochem Biophys Res Commun 53:687-
692

Gargas ML, Burgess RJ, Voisard DE, et al. 1989. Partition coefficients of
low-molecular-weight volatile chemicals in various liquids and tissues.
Toxico1 Appl Pharmacol 98:87-99.

*Gehring PJ. 1968. Hepatotoxic potency of various chlorinated hydrocarbon
vapours relative to their narcotic and lethal potencies in mice. Toxico1
Appl Pharmacol 13:287-298.

*Ghittori S, Imbriani M, Pezzagno G, et al. 1987. The urinary
concentration of solvents as a biological indicator of exposure: proposal
for the biological equivalent exposure limit for nine solvents. Am Ind Hyg
Assoc J 48:786-790.

Gold LS, Ward JM, Bernstein L, et al. 1986. Association between
carcinogenic potency and tumor pathology in rodent carcinogenesis bioassays.
Fundam Appl Toxico1 6:677-690



90

8. REFERENCES

*Gold LS, Backman GM, Hooper NK, et al. 1987. Ranking the potential
carcinogenic hazards to workers from exposures to chemicals that are
tumorigenic in rodents. Environ Health Perspect 76:211-219.

*Gradiski D, Bonnet P, Raoult G, et al. 1978. [Comparative acute
inhalation toxicity of the principal chlorinated aliphatic solvents.] Arch
Ma1 Prof Med Trav Secur Sot 39:249-257. (French)

Grasso P. 1982. Carcinogenicity of solvents. In: Collings AJ, Luxon SG,
eds. Safe use of solvents. London, England: Academic Press, Inc., 129-136

*Greenberg M, Anderson R, Keene J, et al. 1982. Empirical test of the
association between gross contamination of wells with toxic substances and
surrounding land use. Environ Sci Technol 16:14-19.

*Grimsrud EP, Rasmussen RA. 1975. Survey and analysis of halocarbons in
the atmosphere by gas chromatography-mass spectrometry. Atmos Environ
9:1014-1017.

*Gupta KC, Ulsamen AG, Gammage R. 1984. Volatile organic compounds i
residential air: levels, sources and toxicity. Presented at 77th Ann Mtg
Air Pollution Control ASSOC, San Francisco, CA. June 24-29.

Hales DB, Thompson JA. 1985. Kinetic and mechanistic studies of the
cytochrome P-450 catalyzed oxidation of chloroethanes. (Abstract) Fed Proc
44:1259

*Hallen RT, Pyne JW, Molton PM. 1986. Transformation of chlorinated
ethenes and ethanes by anaerobic microorganisms. Abstract. Presented
before the Division of Environmental Chemistry, American Chem Sot. 192nd
Ann Meeting, Anaheim, CA. Sept. 7-12, 1986. p. 344-346.

*Hanasono,GK, Witschi H, Plaa GL. 1975. Potentiation of the hepatotoxic
responses to chemicals in alloxan-diabetic rats. Proc Soc Exp Biol Med
149:903-907.

*Harkov R, Kebbekus B, Bozzelli JW, et al. 1983. Measurement of selected
volatile organic compounds at three locations in New Jersey during the
summer season. J Air Pollut Control Assoc 33:1177-1183.

*Harkov R, Gianti SJ Jr, Bozzelli JW, et al. 1985. Monitoring volatile
organic compounds at hazardous and sanitary landfills in New Jersey (USA).
J Environ Sci Health Part A Environ Sci Eng 20:491-502.

*Harkov R, Kebbekus B, Bozzelli JW. 1987. Volatile organic compounds at
urban sites in New Jersey. In: Lioy and Daisey, eds. Toxic Air
Pollutants. Chelsea, MI: Lewis Pub Inc, 69-88.



91

8. REFERENCES

*Harms MS, Peterson RE, Fujimoto JM, et al. 1976. Increased "bile ductpancreatic
fluid" flow in chlorinated hydrocarbon-treated rats. Toxico1
Appl Pharmacol 35:41-49.

Hathway DE. 1981. Foreign compound metabolism in mammals. Vol 6. A
review of literature published during 1978 and 1979. London, England:
Royal Society of Chemistry, 160-197

*Hawley. 1981. Condensed Chemical Dictionary. 10th ed, 1041.

Helmes CT, Atkinson DL, Sigman CC, et al. 1982. Evaluation and
classification of the potential carcinogencity of organic air pollutants. J
Environ Sci Health 17(Part A):321-390

*Henschler D, Reichert D, Metzler M. 1980, Identification of potential
carcinogens in technical grade l,l,l-trichloroethane. Int Arch Occup
Environ Health 47:263-268.

*Hiatt MH. 1981. Analysis of fish and sediment for volatile priority
pollutants. Anal Chem 53:1541-1543.

*Hiatt MH. 1983. Determination of volatile organic compounds in fish
samples by vacuum distillation and fused silica capillary gas chromatography/mass
spectrometry. Anal Chem 55:506-516.

Holmberg B, Malmfors T. 1974. Cytotoxicity of some organic solvents.
Environ Res 7:183-192

*IARC. 1979. IARC monographs on the evaluation of the carcinogenic risk of
chemicals to humans. Vol 20. Some halogenated hydrocarbons. Lyon, France:
International Agency for Research on Cancer.

*Ikeda M, Ohtsuji H. 1972. A comparative study of the excretion of
Fujiwara reaction-positive substances in urine of humans and rodent given
trichloro- or tetrachloro-derivatives of ethane and ethylene. Br J Ind Med
I 29:99-104.

*Imbriani M, Ghittori S, Pezzagno G, et al. 1985. Urine/air partition
coefficient for some industrially important substances. G Ital Med Lav
7:133-140.

*Isnard P, Lambert S. 1988. Estimated bioconcentration factors from
octanol-water partition coefficient and aqueous solubility. Chemosphere
17:21-34.

*Ivanetich KM, Van Den Honert LH. 1981; Chloroethanes: Their metabolism by
hepatic cytochrome P-450 in vitro. Carcinogenesis 2:697-702.



92

8. REFERENCES

*Jackson DR, Garrett BC, Bishop TA. 1984. Comparison of batch and column
methods for assessing leachability of hazardous waste. Environ Sci Technol
18:668-673.

*Jakobson I, Holmberg B Wahlberg JE. 1977. Variations in the blood
concentration of 1,1,2-trichloroethane by percutaneous absorption and other
routes of administration in the guinea pig. Acta Pharmacol Toxico1 41:497-
506.

*Jensen S, Rosenberg R. 1975. Degradability of some chlorinated aliphatic
hydrocarbons in sea water and sterilized water. Water Res 9:659-661.

*Jeong KM, Hsu KJ, Jeffries JB, et al. 1984. Kinetics of the reactions of
hydroxyl with ethane, l,l,l-trichloroethane, 1,1,2-trichloroethane, 1,1-
difluoro-1,2-dichloroethane, and 1,1,1,2-tetrafluoroethane. J Phys Chem
88:1222-1226.

*Jernigan JD, Pounds JG, Harbison RD. 1983. Potentiation of chlorinated
hydrocarbon toxicity by 2,5-hexanedione in primary cultures of adult rat
hepatocytes. Fundam Appl Toxico1 3:22-26.

*Kaiser KLE, Comba ME. 1986. Volatile halocarbon contaminent survey of the
St. Clair River. Water Pollut Res J Can 21:323-331.

*Kallman MJ, Lynch MR, Landauer MR. 1983. Taste aversions to several
halogenated hydrocarbons. Neurobehav Toxico1 Teratol 5:23-27.

*Kallman MJ, Kaempf GL. 1984. Efficacy of choice testing to predict
chronic ingestion of drinking solutions adulterated with chemicals.
Pharmacol Biochem Behav 20:195-200.

*Kawasaki M. 1980. Experiences with the test scheme under the chemical
control law of Japan: An approach to structure-activity correalations.
Ecotoxic Environ Safety 4:444-454.

*Kebbekus BB, Bozzelli JW. 1982. Collection and analysis of selected
volatile organic compounds in ambient air, Proc Ann Meet Air Pollut Control
Assoc 75:82-65.2, 15 p.

*Kentucky Natural Resources and Environmental Protection Cabinet, Proposed
Regulation 401 KAR 63:022.

*King L, Sherbin G. 1986. Point sources off toxic organics to the upper
St. Clair River. Water Pollut Res J Canada 21:433-446.

*Klaassen CD, Plaa GL. 1966. Relative effects of various chlorinated
hydrocarbons on liver and kidney function in mice. Toxico1 Appl Pharmacol
9:139-151.



93

8. REFERENCES

*Klaassen CD, Plaa GL. 1967a. Relative effects of various chlorinated
hydrocarbons on liver and kidney function in dogs. Toxico1 Appl Pharmacol
10:119-131.

*Klaassen CD, Plaa GL. 1967b. Susceptibility of male and female mice to
the nephrotoxic and hepatotoxic properties of chlorinated hydrocarbons.
Proc Sot Exp Biol Med 124:1163-1166.

*Klaassen CD, Plaa GL. 1969. Comparison of the biochemical alterations
elicited in livers from rats treated with carbon tetrachloride, chloroform,
1,1,2-trichloroethane and l,l,l-trichloroethane. Biochem Pharmacol 18:2019-
2027.

*Klecka GM, Gonsior SJ. 1983. Nonenzymatic reductive dechlorination of
chlorinated methanes and ethanes in aqueous solution. Report ES-645. Dow
Chemical USA Environmental Research Lab, 32 p.

*Kluwe WM, McCormack KM, Hook JB. 1978. Potentiation of hepatic and renal
toxicity of various compounds by prior exposure to polybrominated biphenyls.
Environ Health Perspect 23:241-246.

*Kluwe WM, Herrmann CL, Hook JB. 1979. Effects of dietary polychlorinated
biphenyls and polybrominated biphenyls on the renal and hepatic toxicities
of several chlorinated hydrocarbon solvents in mice. J Toxico1 Environ
Health 5:605-616.

*Konietzko H. 1984. Chlorinated ethanes: Sources, distribution,
environmental impact and health effects. Hazard Assess Chem: Curr Dev
3:401-448.

*Krill RM, Sonzogni WC. 1986. Chemical monitoring of Wisconsin's
groundwater. J Am Water Works Assoc 78:70-75.

*Kronevi T, Wahlberg J, Holmberg B. 1977. Morphological lesions in guinea
pigs during skin exposure to 1,1,2-trichloroethane. Acta Pharmacol Toxico1
41:298-305.

*LaRegina J, Bozzelli JW, Harkov R, Granti S. 1986. Volatile organic
compounds at hazardous waste sites and a sanitary landfill in New Jersey.
Environ Prog 8:18-26.

*Lazarew NW. 1929. Uber die narkotsche Wirkungskraft der Dampfe der
chlorderivaten des methans, des Athans und des Anthylens. Arch Exp Patho1
Pharmacol 141:19-24.

*Liepins R, Mixon F, Hudak C, et al. 1977. Industrial Process Profile for
Environmental Use: Chapter 6. The Industrial Organic Chemicals Industry.
EPA-600/2-77-023f. 6-359 - 6-363.



94

8. REFERENCES

*Lioy PJ, Atherholt T, Bozzelli J, et al. 1983. The New Jersey project on
Airborne Toxic Elements and Organic Substances (ATEOS): A summary of the
1981 summer and 1982 winter studies. J Water Pollut Control Fed 33:649-
657.

Lipsky MM. A brief review of the toxicity and carcinogenicity of select
chlorinated hydrocarbons. Adv Mod Environ Toxico1 7:141-151

*Little AD. 1983. Cell transformation assays of 11 chlorinated hydrocarbon
analogs (Final Report) ICAIR work assignment No. 10. EPA/OTS.
Document #40+8324457.

*Lopez-Avila V, Heath N, Hu A. 1987. Determination of purgeable
halocarbons and aromatics by photoionization and hall electrolytic
conductivity detectors connected in series. J Chromatogr Sci 25:356-363.

*Lundberg I, Ekdahl M, Kronevi T, et al. 1986. Relative hepatotoxicity of
some industrial solvents after intraperitoneal injection or inhalation
exposure in rats. Environ Res 40:411-420.

*Mabey WR, Barich V, Mill T. 1983. Hydrolysis of polychlorinated alkanes.
In: Symp Amer Chem Sot Div Environ Chem 186th Nat1 Mtg. Washington DC.
23:359-361.

MacDonald JR, Gandolfi AJ, Sipes IG. 1980. Potentiation of 1,1,2-
trichloroethane hepatotoxicity by acetone pre-treatment. Fed Proc 39:999.

*MacDonald JR, Gandolfi AJ, Sipes IG. 1982. Acetone potentiation of 1,1,2-
trichloroethane hepatotoxicity. Toxico1 Lett 13:57-69.

Maiorino RM, Gandolfi AJ, Brendel K, et al. Chromatographic resolution of
amino acid adducts of aliphatic halides. Chem Biol Interact 38:175-188

*Mazzullo M, Colacci A, Grilli S, et al. 1986. 1,1,2-Trichloroethane:
Evidence of genotoxicity from short-term tests. Jpn J Cant Res 77:532-539.

*Michael LC, Erickson MD, Parks SP, et al. 1980. Volatile environmental
pollutants in biological matrices with a headspace purge technique. Anal
Chem 52:1836-1841.

*Milman HA, Mitoma C, Tyson C, et al. 1984. Comparative pharmacokinetics/
metabolism, carcinogenicity and mutagenicity of chlorinated ethanes and
ethylenes (Meeting abstract). International Conf on Organic Solvent
Toxicity, October 15-17. p. 19.

*Mitoma C, Tyson CA, Riccio ES. 1985. Investigation of the species
sensitivity and mechanism of carcinogenicity of halogenated hydro- carbons
final report EPA Contract 68-01-5079. EPA/OTS; Document #40-842-8424225.



95

8. REFERENCES

*Mitre. 1987. National priority list technical database. McLean, VA: The
Mitre Corp.

*Molton PM, Hallen RT, Pyne JW. 1987. Study of vinyl chloride formation at
landfill sites in California. Report BNWL-2311206978. Richland, WA:
Batelle Pacific Northwest Laboratories. (PB87-161278).

*Moody DE, James JL, Clawson GA, et al. 1981. Correlations among the
changes in hepatic microsomal components after intoxication with alkyl
halides and other hepatotoxins. Mol Pharmacol 20:685-693.

*Moody DE, Smuckler EA. 1986. Disturbances in hepatic heme metabolism in
rats administered alkyl halides. Toxico1 Lett 32:209-214.

*Moolenaar RJ and Olson RD. 1989. Written communication. Comments of the
Dow Chemical Company on ATSDR's Toxicological Profile for 1,1,2-
Trichloroethane. Dow Chemical Company, Midland, MI. (May 12).

*Morgan A, Black A, Belcher DR. 1970. The excretion in breath of some
aliphatic halogenated hydrocarbons following administration by inhalation.
Ann Occup Hyg 13:219-233.

*Morgan A, Black A, Belcher DR. 1972. Studies on the absorption of
halogenated hydrocarbons and their excretion in breath using 38C1 tracer
techniques. Ann Occup Hyg 15:273-282.

*Mosesman NH, Sidisky IM, Corman SD. 1987. Factors influencing capillary
analysis of volatile pollutants. J Chromatogr Sci 25:351-355.

*Mudder TI, Musterman JL. 1982. Development of empirical structure
biodegradability relationships and biodegradability testing protocol for
volatile and slightly soluble priority pollutants. Presented before the Div
Environ Chem Amer Chem Sot, Kansas City, MO. Sept. 1982. p. 52-53.

Nakajima T, Sato A. 1979. Inhanced activity of liver drug-metabolizing
enzymes for aromatic hydrocarbons and chlorinated hydrocarbons following
food deprivation. Toxicol Appl Pharmacol 50:549-556

*NATICH. 1987. NATICH Data Base Report in State, Local and EPA Air Toxies
Activities. National Air Toxics Information Clearinghouse. O.A. QQPS.
RTP, NC. State and Territorial Pollution Program. Administrators Assoc. of
Local Air Pollution. Central Officials.

*NCI. 1978. Bioassay of 1,1,2-trichloroethane for possible carcinogenicity.
Report. ISS DHEW/PUB/NIH-78-1324. NCI-CG-TR-74. PB-283337.

*Newsom JM 1985. Transport of organic compounds dissolved in ground water.
Ground Water Monit Rev 5:28-36.



96

8. REFERENCES

*NIOSH. 1977a. NIOSH Manual of Analytical Methods. 2nd ed, vol 1, Method
No. P&CAM 127, U.S. Dept of Health Education and Welfare, Center for Disease
Control, NIOSH, Cincinnati, OH.

*NIOSH. 1977b. NIOSH Manual for Analytical Methods. 2nd ed, vol 2, Method
No. 5134, U.S. Dept of Health Education and Welfare, Center for Disease
Control, NIOSH, Cincinnati, OH.

NIOSH. 1985. Current Intelligence Bulletin 27. Chloroethanes: Review of
Toxicity. National Institute for Occupational Safety and Health,
Cincinnati, OH. NTIS/PB85-119196

*NIOSH. 1988. National Institute for Occupational Safety and Health.
National Occupational Exposure Survey (NOES) Computer Printout 10/20/88.

*NLM . 1988. Hazardous Substance Data Bank. NIH. National Library of
Medicine, Bethesda, MD

*Norpoth K, Heger M, Muller G, et al. 1988. Investigations on metabolism
and carcinogenicity of 1,1,2-trichloroethane. J Cancer Res Clin Oncol
114:158-162.

*Ohio River Valley Sanitation Commission. 1980. Assessment of water
quality conditions. Ohio River Mainstream 1978-9. Cincinnati, OH.

*OSHA. 1989. Air contaminants: Final rule. U.S. Department of Labor.
Occupational Safety and Health Administration. 29 CFR 1910.1000. Federal
Register 54(12):2332-2960.

*Page GW. 1981. Comparison of groundwater and surface water for patterns
and levels of contamination by toxic substances. Environ Sci Technol
15:1475-1481.

*Pankow JF, Rosen ME. 1988. Determination of volatile compounds in water
by purging directly to a capillary column with whole column cryotropping.
Environ Sci Technol 22:398-405.

*Parrish CF. 1983. Solvents, industrial. In: Kirk-Othmer Encyclopedia of
Chemical Technology. 3rd Ed, Vol 21. New York, NY: John Wiley and Sons,
377-401.

Pelkonen 0, Vainio H. 1975. Spectral interactions of a series of
chlorinated hydrocarbons with cytochrome P-450 of liver microsomes from
variously treated rats. Fed Eur Biochem Sot Lett 51:11-14

*Pellizzari ED. 1982. Analysis for organic vapor emissions near industrial
and chemical waste disposal sites. Environ Sci Technol 16:781-785.



97

8. REFERENCES

*Pellizzari ED, Hartwell TD, Harris BSH, et al. 1982. Purgeable organic
compounds in mother's milk. Bull Environ Contam Toxico1 28:322-328.

*Plaa GL, Evans EA, Hine CH. 1958. Relative hepatotoxicity of seven
halogenated hydrocarbons. J Pharmacol Exper Therap 123:224-229.

*Plaa GL, Larson RE. 1965. Relative nephrotoxic properties of chlorinated
methane, ethane, and ethylene derivatives in mice. Toxicol Appl Pharmacol
7:37-44.

Plaa GL, Traiger GJ, Hanasono GK, et al. 1975. Effect of alcohols on
various forms of chemically induced liver injury. Alcohol Liver Patho1
[Proc Int Symp Alcohol Drug Res]:225-244.

*Platt DS, Cockrill BL. 1969. Biochemical changes in rat liver in response
to treatment with drugs and other agents. II. Effects of halothane, DDT,
other chlorinated hydrocarbons, thioacetamide, dimethylnitrosamine, and
ethionine. Biochem Pharmacol 18:445-457.

*Pozzani UC, Weil CS, Carpenter CP. 1959. The toxicological basis of
Threshold Limit Values: 5. The experimental inhalation of vapor mixtures
by rats, with notes up on the relationship between single dose inhalation
and single dose oral data. Am Ind Hyg Assoc J 20:364-369.

*Rannug U, Sundvall A, Ramel C. 1978. The mutagenic effect of 1,2-
dichloroethane on Salmonella typhimurium I. Activation through conjugation
with glutathione in vitro. Chem Biol Interact 20:1-16.

*Riddick JA, Bunger WB, Sakano TK. 1986. Organic solvents: Physical
properties and methods of purification. Techniques of Chemistry. 4th ed.,
New York, NY: Wiley-Interscience.

*RIDH. 1989. Written communication regarding 1,1,2-trichloroethane levels
in private well water. Providence, RI: Rhode Island Department of Health.
(May 2).

*Rogers SE, Peterson DL, Lauer WC. 1987. Organic contaminants removal for
potable reuse. J Wat Pollut Con Fed 59:722-732.

*RTECS. 1988. Registry of Toxic Effects of Chemical Substances. Online:
8/4/88.

*Sabel GV, Clark TP. 1984. Volatile organic compounds as indicators of
municipal solid waste leachate contamination. Waste Manag Res 2:119-130.

*Sabljic A. 1987. On the prediction of soil sorption coefficients of
organic pollutants from molecular structure: Application of molecular
topology model. Environ Sci Technol 21:358-366.



98

8. REFERENCES

*Sanders VM, White KL Jr, Shopp GM Jr, et al. 1985. Humoral and cellmediated
immune status of mice exposed to 1,1,2-trichloroethane. Drug Chetn
Toxico1 8:357-372.

*SANSS. 1988. Structure and Nomenclature Search System. Online: 7/31/88.

*SARA (Superfund Amendments and Reauthorization Act). 1986. 99th Congress,
Second Session. House of Representatives Report No. 99-962.

Sato A, Nakajima T. 1979. A structure-activity relationship of some
chlorinated hydrocarbons. Arch Environ Health 34:69-75.

Sato A, Nakajima T. 1987, Pharmacokinetics of organic solvent vapors in
relation to their toxicity. Stand J Work Environ Health 13:81-93

*Seidenberg JM, Becker RA. 1987. A summary of the results of 55 chemicals
screened for developmental toxicity in mice. Teratogen Carcinogen Mutagen
7:17-28.

*Seidenberg JM, Anderson DG, Becker RA. 1986. Validation of an in vivo
developmental toxicity screen in the mouse. Teratogen Carcinogen Mutagen
6:361-374.

*Seip HM, Alstad J, Carlberg GE, et al. 1986. Measurement of mobility of
organic compounds in soils. Sci Total Environ 50:87-102.

*Shackelford WM, Cline DM, Faas L, et al. 1983. An evaluation of automated
spectrum matching for survey identification of wastewater components by gas
chromatography-mass spectroscopy [Supplemental data]. Anal Chem Acta
146:15-27.

*Shah JJ, Heyerdahl EK. 1988. EPA-600-3-88-010. National Ambient Volatile
Organic Compounds (VOCs) Data Base Update. Environmental Protection Agency,
Atmospheric Sciences Research Laboratory, Research Triangle Park, NC.

*Simmon VF, Kauhanen K, Tardiff RG. 1977. Mutagenic activity of chemicals
identified in drinking water. Dev Toxico1 Environ Sci 2:249-258.

*Singh HB, Salas LJ, Cavanagh LA. 1977. Distribution sources and sinks of
atmospheric halogenated compounds. J Air Pollut Control Assoc 27:332-336.

*Singh HB, Salas LJ, Smith AJ, et al. 1981. Measurments of some
potentially hazardous organic chemicals in urban environments. Atmos
Environ 15:601-612.

*Singh HB, Salas LJ, Stiles RE. 1982. Distribution of selected gaseous
organic mutagens and suspect carcinogens in ambient air. Environ Sci
Technol 16:872-880.



99

8. REFERENCES

*Sipes IG, Gandolfi AJ. 1980. In vitro comparative bioactivation of
aliphatic halogenated hydrocarbons. Dev Toxico1 Environ Sci 8:501-506.

*Smyth HF, Jr, Carpenter CP, Weil CS, et al. 1969. Range-Finding Toxicity
Data: List VII. Am Ind Hyg Assoc J 30:470-476.

*SRI. 1988. Guide to Chemical Producers. Menlo Park, CA: SRI
International.

*Stanley JS. 1986. Broad scan analysis of the FY82 national human adipose
tissue survey specimens. Vol 1. Executive Summary. EPA 560/5-86-035.
U.S. EPA, Washington, DC, 32.

Stewart RD. 1983. Trichloroethanes. In: Encyclopaedia of Occupational
Health and Safety. Vol 2. National Institutes of Occupational Safety and
Health, 2213-2214

*STORET. 1988. EPA STORET Water Quality Data Base. Online: 10/14/88.

Story DL, Gee SJ, Tyson CA, et al. 1983. Response of isolated hepatocytes
to organic and inorganic cytotoxins. J Toxicol Environ Health 11:483-501

*Story DL, Meierhenry EF, Tyson CA, et al. 1986. Differences in
rat liver enzyme-altered foci produced by chlorinated aliphatics and
phenobarbital. Toxicol Ind Health 2:351-362.

*Tabak HH, Quave SA, Mashni CI, et al. 1981. Biodegradability studies with
organic priority pollutant compounds, J Water Pollut Contr Fed 53:1503-
1518.

*Takahara K. 1986a. [Experimental study on toxicity of trichloroethane:
Part 1. Organ distribution of l,l,l- and 1,1,2-trichloroethanes in exposed
mice.] Okayama Igakkai Zasshi 98:1079-1090. (Japanese)

*Takahara K. 1986b. [Experimental study on toxicity of trichloroethane.
II. l,l,l- and 1,1,2-trichloroethane in expired air and in urine of mice.
Okayama Igakkai Zasshi 98:1091-1097. (Japanese)

*Takahara K. 1986c. [Experimental study on toxicity of trichloroethane.
III. Changes in liver function of mice after exposure to l,l,l- and 1,1,2
trichloroethane.] Okayama Igakkai Zasshi 98:1099-1109. (Japanese)

*Takano T, Miyazaki Y. 1982. Effect of chlorinated ethanes and ethylenes
on electron transport in rat liver mitochondria. J Toxico1 Sci 7:143-149.



100

8. REFERENCES

Takano T, Miyazaki Y, Motohashi Y. 1984. Spectral changes of cytochrome P-
450 and reduction oxidation transition of pyridine nucleotides associated
with l,l,l-trichloroethane and 1,1,2-trichloroethane metabolism in perfused
rat liver. 68th Annual Meeting of the Federation of American Societies for
Experimental Biology, St Louis, MO. (Abstract) Fed Proc Vol 43

Takano T, Miyazaki Y, Motohashi Y. 1985. Interaction of trichloroethane
isomers with cytochrome P-450 in the perfused rat liver. Fundam Appl
Toxico1 5:353-360

*Tham R, Bunnfors I, Eriksson B, et al. 1984. Vestibulo-ocular
disturbances in rats exposed to organic solvents. Acta Pharmacol Toxico1
54:58-63.

*Thomas R. 1982. Volatilization from water. In: Lyman WJ, Reehl WF,
Rosenblatt DH, eds. Handbook of Chemical Property Estimation Methods. New
York, NY: McGraw Hill, 15-l - 15-34.

*Thomas R, Byrne M, Gilbert D, et al. 1982. An exposure and risk
assessment for trichloroethanes l,l,l-trichloroethane, 1,1,2-
trichloroethane. EPA 440/4-85-018, 180 pp.

Thomas R, Byrne M, Gilbert D, et al. 1985. Exposure and risk assessment
for trichloroethanes: l,l,l-trichloroethane, 1,1,2-trichloroethane.
Environmental Protection Agency, Office of Water Regulations and Standards,
Washington DC. NTIS/PB85-220598

Thompson JA, Ho B, Mastovich SL. 1984. Reductive metabolism of 1,1,1,2-
tetrachloroethane and related chloroethanes by rat liver microsomes. Chem
Biol Interact 51:321-333

Thompson JA, Ho B, Mastovich SL. 1985. Dynamic headspace analysis of
volatile metabolites from the reductive dehalogenation of trichloro- and
tetrachloroethanes by hepatic microsomes. Anal Biochem 145:376-384

Toftgard R, Gustafsson J-A. 1980. Biotransformation of organic solvents:
A review. Stand J Work Environ Health 6:1-18

*Torkelson TR, Rowe VK. 1981. In Clayton D, Clayton F, eds. Patty's
Industrial Hygiene and Toxicology. 3rd rev ed. New York, NY: John Wiley &
Sons, Inc., 3586-3593.

*Traiger GJ, Plaa GL. 1974. Chlorinated hydrocarbon toxicity:
Potentiation by isopropyl alcohol and acetone. Arch Environ Health 28:276-
278.

*Tsuruta H. 1975. Percutaneous absorption of organic solvents. 1)
Comparative study of the in vivo percutaneous absorption of chlorinated
solvents in mice. Ind Health 13:227-236.



101

8. REFERENCES

*Tsuruta H, Iwasaki K, Fukuda K. 1983. Analysis of trace impurities in
reagent and technical grade trichloroethylene. Ind Health 21:293-295.

Tsuruta H. 1986. Percutaneous absorption of chemical substances and
toxicity especially about organic solvents. Eisei Kagaku 32:229-241

*Tu AS, Murray TA, Hatch KM, et al. 1985. In vitro transformation of
BALB/C-3T3 cells by chlorinated ethanes and ethylenes. Cancer Lett 28:85-
92.

*Tyson CA, Mitoma C, Kalivoda J. 1980. Evaluation of hepatocytes isolated
by a nonperfusion technique in a prescreen for cytotoxicity. J Toxico1
Environ Health 6:197-205.

*Tyson CA, Hawk-Prather K, Story DL, et al. 1983. Correlations of in vitro
and in vivo hepatotoxicity for five haloalkanes. Toxico1 Appl Pharmacol
70:289-302.

*USDHHS. 1985. U.S. Department of Health and Human Services. Fourth Annual
Report on Carcinogens. Summary. 1985. USDHHS, 199-200.

Van-Dyke RA, Rikans LE. Effect of volatile anesthetics on aniline
hydroxylase and aminopyrine demethylase. Biochem Pharmacol 19:1501-1502

Von Oettingen WF. The halogenated hydrocarbons: Their toxicity and
potential dangers. U.S. Public Health Service, USPHS Pub. No. 414, 155-156

*Viar and Company, 1987. Contract Laboratory Program Statistical Data
Base. April 13, 1987. output.

*VIEW Database. 1989. Agency for Toxic Substances and Disease Registry
(ATSDR), Office of External Affairs, Exposure and Disease Registry Branch,
Atlanta, GA. June 1989.

*Vogel TM, Criddle CS, McCarty PL. 1987. Transformations of halogenated
aliphatic compounds. Environ Sci Technol 21:722-736.

*Wahlberg JE. 1976. Percutaneous Toxicity of Solvents. A comparative
investigation in the guinea pig with benzene, toluene and 1,1,2-
trichloroethane. Ann Occup Hyg 19:115-119.

*Wahlberg JE. 1984a. Erythema-inducing effects of solvents following
epicutaneous administration to man - studied by laser Doppler flowmetry.
Scand J Work Environ Health 10:159-162.

*Wahlberg JE. 1984b. Edema-inducing effects of solvents following topical
administration. Dermatosen Beruf Umwelt 32:91-94.



102

8. REFERENCES

*Wahlberg JE, Boman A. 1979. Comparative percutaneous toxicity of ten
industrial solvents in the guinea pig. Stand J Work Environ Health 5:345-
351.

*Wallace LA, Pellizzari E, Hartwell T, et al. 1984. Personal exposure to
volatile organic compounds. I. Direct measurements in breathing-zone air,
drinking water, food and exhaled breath. Environ Res 35:293-319.

*Watrous WM, Plaa GL. 1972a. Effect of halogenated hydrocarbons on organic
ion accumulation by renal cortical slices of rats and mice. Toxico1 Appl
Pharmacol 22:528-543.

*Watrous WM, Plaa GL. 1972b. The nephrotoxicity of single and multiple
doses of aliphatic chlorinated hydrocarbon solvents in male mice. Toxico1
Appl Pharmacol 23:640-649.

*Weisburger EK. 1977. Carcinogenicity studies on halogenated hydro
carbons. Environ Health Perspect 21:7-16.

*Westrick JJ, Mello JW, Thomas RF. 1984. The groundwater supply survey. J
Amer Water Works Assoc 76:52-59.

*White KL Jr, Sanders VM, Barnes DW, et al. 1985. Toxicology of 1,1,2-
trichloroethane in the mouse. Drug Chem Toxicol 8:333-356.

*Williams, G. 1983. DNA repair tests of 11 chlorinated hydrocarbon
analogs. Final Report EPA contract. EPA/OTS, Document No. 40+8324292.
NTIS/OTS0509403.

*Wilson JT, Enfield CG, Dunlap WJ, et al. 1981. Transport and fate of
selected organic pollutants in a sandy soil. J Environ Qua1 10:501-506.

*Wilson JT, McNabb, Balkwill DL, et al. 1983. Enumeration and
characterization of bacteria indigenous to a shallow water-table aquifer.
Ground Water 21:134-142.

*Windholz M, ed. 1983. The Merck Index. An Encyclopedia of Chemicals,
Drugs, and Biologicals. Rahway, NJ: Merck and Co., Inc., 1378.

*Wright WH, Schaffer JM. 1932. Critical anthelmintic tests of chlorinated
alkyl hydrocarbons and a correlation between the anthelmitic eficacy,
chemical structure and physical properties. Am J Hyg 16:325-426.

*Yllner S. 1971. Metabolism of 1,1,2-trichloroethane-1,2-(14)C in the
mouse. Acta Pharmacol Toxicol 30:248-256.

Zeiger E. 1987. Carcinogenicity of mutagens: Predictive capability of the
Salmonella mutagenesis assay for rodent carcinogenicity. Cancer Res
47:1287-1296.



103

8. REFERENCES

*Zeiger E, Anderson B, Haworth S, et al. 1988. Salmonella mutagenicity
tests: IV. Results from the testing of 300 chemicals. Environ Mol Mutagen
ll:l-157.

*Zoeteman BCJ, Harmsen K, Linders JBHJ, et al. 1980. Persistent organic
pollutants in river water and ground water of the Netherlands. Chemosphere
9:231-249.





105

9. GLOSSARY

Acute Exposure -- Exposure to a chemical for a duration of 14 days or less, as
specified in the Toxicological Profiles.

Adsorption Coefficient (Koc) -- The ratio of the amount of a chemical
adsorbed per unit weight of organic carbon in the soil or sediment to the
concentration of the chemical in solution at equilibrium.

Adsorption Ratio (Kd) -- The amount of a chemical adsorbed by a sediment or soil
(i.e., the solid phase) divided by the amount of chemical in the
solution phase, which is in equilibrium with the solid phase, at a fixed
solid/solution ratio. It is generally expressed in micrograms of chemical
sorbed per gram of soil or sediment.

Bioconcentration Factor (BCF) -- The quotient of the concentration of a
chemical in aquatic organisms at a specific time or during a discrete time
period of exposure divided by the concentration in the surrounding water at
the same time or during the same period.

Cancer Effect Level (CEL) -- The lowest dose of chemical in a study, or
group of studies, that produces significant increases in the incidence of
cancer (or tumors) between the exposed population and its appropriate
control.

Carcinogen -- A chemical capable of inducing cancer.

Ceiling value (DL) -- A concentration of a substance that should not be
exceeded, even instantaneously.

Chronic Exposure -- Exposure to a chemical for 365 days or more, as
specified in the Toxicological Profiles.

Developmental Toxicity -- The occurrence of adverse effects on the
developing organism that may result from exposure to a chemical prior to
conception (either parent), during prenatal development, or postnatally to
the time of sexual maturation. Adverse developmental effects may be
detected at any point in the life span of the organism.

Embryotoxicity and Fetotoxicity -- Any toxic effect on the conceptus as a
result of prenatal exposure to a chemical; the distinguishing feature
between the two terms is the stage of development during which the insult
occurred. The terms, as used here, include malformations and variations,
altered growth, and in utero death.

EPA Health Advisory -- An estimate of acceptable drinking water levels for a
chemical substance based on health effects information. A health advisory
is not a legally enforceable federal standard, but serves as technical
guidance to assist federal, state, and local officials,
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Immediately Dangerous to Life or Health (IDLH) -- The maximum environmental
concentration of a contaminant from which one could escape within 30 min without
any escape-impairing symptoms or irreversible health effects.

Intermediate Exposure -- Exposure to a chemical for a duration of 15-364
days as specified in the Toxicological Profiles.

Immunologic Toxicity -- The occurrence of adverse effects on the immune
system that may result from exposure to environmental agents such as
chemicals.

In vitro -- Isolated from the living organism and artificially maintained,
as in a test tube.

In vivo -- Occurring within the living organism.

Lethal Concentration(LO) (LCLO) -- The lowest concentration of a chemical in air
which has been reported to have caused death in humans or animals.

Lethal Concentration(50) (LC50) -- A calculated concentration of a chemical in air
to which exposure for a specific length of time is expected to cause death in 50%
of a defined experimental animal population.

Lethal Dose(LO) (LDLD) -- The lowest dose of a chemical introduced by a
route other than inhalation that is expected to have caused death in humans
or animals.

Lethal Dose(50) (LD50) -- The dose of a chemical which has been calculated to cause
death in 50% of a defined experimental animal population.

Lethal Time(50) (LT50) -- A calculated period of time within which a
specific concentration of a chemical is expected to cause death in 50% of a
defined experimental animal population.

Lowest-Observed-Adverse-Effect Level (LOAEL) -- The lowest dose of chemical in a
study, or group of studies, that produces statistically or biologically
significant increases in frequency or severity of adverse effects between the
exposed population and its appropriate control.

Malformations -- Permanent structural changes that may adversely affect
survival, development, or function.

Minimal Risk Level -- An estimate of daily human exposure to a chemical that is
likely to be without an appreciable risk of deleterious effects
(noncancerous) over a specified duration of exposure.
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Mutagen -- A substance that causes mutations. A mutation is a change in the
genetic material in a body cell, Mutations can lead to birth defects,
miscarriages, or cancer.

Neurotoxicity -- The occurrence of adverse effects on the nervous system
following exposure to chemical.

No-Observed-Adverse-Effect Level (NOAEL) -- The dose of chemical at which there
were no statistically or biologically significant increases in
frequency or severity of adverse effects seen between the exposed population
and its appropriate control. Effects may be produced at this dose, but they
are not considered to be adverse.

Octanol-Water Partition Coefficient (Kow) -- The equilibrium ratio of the
concentrations of a chemical in n-octanol and water, in dilute solution.

Permissible Exposure Limit (PEL) -- An allowable exposure level in workplace air
averaged over an 8-hour shift.

q1* -- The upper-bound estimate of the low-dose slope of the dose-response
curve as determined by the multistage procedure. The ql* can be used to
calculate an estimate of carcinogenic potency, the incremental excess cancer
risk per unit of exposure (usually µg/L for water, mg/kg/day for food, and
µg/m3 for air).

Reference Dose (RfD) -- An estimate (with uncertainty spanning perhaps an
order of magnitude) of the daily exposure of the human population to a
potential hazard that is likely to be without risk of deleterious effects
during a lifetime. The RfD is operationally derived from the NOAEL (from
animal and human studies) by a consistent application of uncertainty factors
that reflect various types of data used to estimate RfDs and an additional
modifying factor, which is based on a professional judgment of the entire
database on the chemical. The RfDs are not applicable to nonthreshold
effects such as cancer.

Reportable Quantity (RQ) -- The quantity of a hazardous substance that is
considered reportable under CERCLA. Reportable quantities are (1) 1 lb or
greater or (2) for selected substances, an amount established by regulation
either under CERCLA or under Sect. 311 of the Clean Water Act. Quantities
are measured over a 24-hour period.

Reproductive Toxicity -- The occurrence of adverse effects on the
reproductive system that may result from exposure to a chemical. The
toxicity may be directed to the reproductive organs and/or the related
endocrine system. The manifestation of such toxicity may be noted as
alterations in sexual behavior, fertility, pregnancy outcomes, or
modifications in other functions that are dependent on the integrity of this
system.
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Short-Term Exposure Limit (STEL) -- The maximum concentration to which
workers can be exposed for up to 15 min continually. No more than four
excursions are allowed per day, and there must be at least 60 min between
exposure periods. The daily TLV-TWA may not be exceeded.

Target Organ Toxicity -- This term covers a broad range of adverse effects
on target organs or physiological systems (e.g., renal, cardiovascular)
extending from those arising through a single limited exposure to those
assumed over a lifetime of exposure to a chemical.

Teratogen -- A chemical that causes structural defects that affect the
development of an organism.

Threshold Limit Value (TLV) -- A concentration of a substance to which most
workers can be exposed without adverse effect. The TLV may be expressed as a TWA,
as a STEL, or as a CL.

Time-weighted Average (TWA) -- An allowable exposure concentration averaged over a
normal 8-hour workday or 40-hour workweek.

Toxic Dose (TD50) -- A calculated dose of a chemical, introduced by a route other
than inhalation, which is expected to cause a specific toxic effect in 50% of a
defined experimental animal population.

Uncertainty Factor (UF) -- A factor used in operationally deriving the RfD from
experimental data. UFs are intended to account for (1) the variation in
sensitivity among the members of the human population, (2) the
uncertainty in extrapolating animal data to the case of human, (3) the
uncertainty in extrapolating from data obtained in a study that is of less
than lifetime exposure, and (4) the uncertainty in using LOAEL data rather
than NOAEL data. Usually each of these factors is set equal to 10.
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APPENDIX

PEER REVIEW

A peer review panel was assembled for 1,1,2-trichloroethane. The Panel
consisted of the following members: Dr. James V. Bruckner, Associate
Professor and Director of Toxicology, University of Georgia College of
Pharmacy; Dr. Richard J. Bull, Associate Professor of Pharmacology/
Toxicology, University of Washington; Dr. Mildred Christian, Argus Research
Laboratories; and Dr. Curtis Klaasen, University of Kansas. These experts
collectively have knowledge of 1,1,2-Trichloroethane's physical and chemical
properties, toxicokinetics, key health end points, mechanisms of action,
human and animal exposure, and quantification of risk to humans. All
reviewers were selected in conformity with the conditions for peer review
specified in the Superfund Amendments and Reauthorization Act of 1986,
Section 110.

A joint panel of scientists from ATSDR and EPA has reviewed the peer
reviewers' comments and determined which comments will be included in the
profile. A listing of the peer reviewers' comments not incorporated in the
profile, with a brief explanation of the rationale for their exclusion,
exists as part of the administrative record for this compound. A list of
databases reviewed and a list of unpublished documents cited are also
included in the administrative record.

The citation of the peer review panel should not be understood to imply
their approval of the profile's final content. The responsibility of the
content of this profile lies with the Agency for Toxic Substances and
Disease Registry.
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