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FOREWORD

The Superfund Amendments and Reauthorization Act of 1986 (Public
Law 99-499) extended and amended the Comprehensive Environmental Response,
Compensation, and Liability Act of 1980 (CERCLA or Superfund). This public
law (also known as SARA) directed the Agency for Toxic Substances and Disease
Registry (ATSDR) to prepare toxicological profiles for hazardous substances
which are most commonly found at facilities on the CERCLA National Priorities
List and which pose the most significant potential threat to human health, as
determined by ATSDR and the Environmental Protection Agency (EPA). The lists
of the most significant hazardous substances were published in the Federal
Register on April 17, 1987, and on October 20, 1988.

Section 110 (3) of SARA directs the Administrator of ATSDR to prepare a
toxicological profile for each substance on the list. Each profile must
include the following content:

(A) An examination, summary and interpretation of available
toxicological information and epidemiological evaluations on the
hazardous substance in order to ascertain the levels of significant
human exposure for the substance and the associated acute, subacute,
and chronic health effects,

(B) A determination of whether adequate information on the health
effects of each substance is available or in the process of
development to determine levels of exposure which present a
significant risk to human health of acute, subacute, or chronic
health effects, and

(C) Where appropriate, an identification of toxicological testing
needed to identify the types or levels of exposure that may present
significant risk of adverse health effects in humans.

This toxicological profile is prepared in accordance with guidelines
developed by ATSDR and EPA. The original guidelines were published in the
Federal Register on April 17, 1987. Each profile will be revised and
republished as necessary, but no less often than every 3 years, as required
by SARA.

The ATSDR toxicological profile is intended to characterize succinctly
the toxicological and health effects information for the hazardous substance
being described. Each profile identifies and reviews the key literature that
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describes a hazardous substance's toxicological properties. Other literature
is presented but described in less detail than the key studies. The profile
is not intended to be an exhaustive document; however, more comprehensive
sources of specialty information are referenced.

Each toxicological profile begins with a public health statement, which
describes in nontechnical language a substance's relevant toxicological
properties. Following the statement is material that presents levels of
significant human exposure and, where known, significant health effects. The
adequacy of information to determine a substance's health effects is described
in a health effects summary. Data needs that are of significance to
protection of public health will be identified by ATSDR, the National
Toxicology Program of the Public Health Service, and EPA. The focus of the
profiles is on health and toxicological information; therefore, we have
included this information in the front of the document.

The principal audiences for the toxicological profiles are health
professionals at the federal, state, and local levels, interested private
sector organizations and groups, and members of the public. We plan to revise
these documents as additional data become available. .

This profile reflects our assessment of all relevant toxicological
testing and information that has been peer reviewed. It has been reviewed by
scientists from ATSDR, EPA, the Centers for Disease Control, and the National
Toxicology Program. It has also been reviewed by a panel of nongovernment
peer reviewers and was made available for public review. Final responsibility

for the contents and views expressed in this toxicological profile resides
with ATSDR.

Walter R. Dowdle, Ph.D.

Acting Administrator

Agency for Toxic Substances and
Disease Registry
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1. PUBLI C HEALTH STATEMENT
1.1 WHAT IS 1, 1, 2- TRI CHLOROETHANE

1,1,2-Trichloroethane is a colorless, sweet-snelling liquid that does
not burn easily and boils at a higher tenperature than water. It is nade
by two conpanies in the United States. It is used nostly where
I,1-dichloroethene (vinylidene chloride) is nade. 1,1,2-Trichl oroethane is
used as a solvent. Because information about how much is made and how it is
used i s not avail able, we cannot say how nmuch 1,1, 2-trichl oroethane is used,
where it is used, or in what products it is found. 1,1, 2-Trichloroethane
may al so be formed in landfills when 1,1, 2,2-tetrachl oroethane is broken
down. When it is released into the environnment, nost 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-trichl oroethane
is expected to breakdown in 49 days and so it is likely to spread far from where
it is released before breaking dowm. A few studies show that 1,1, 2-trichloroethane
bel ow the soil surface or in groundwater does not breakdown within 16 weeks, and
ot her studi es suggest that it will last for years. Sone studies show that
breakdown of 1,1,2- trichloroethane occurs in landfills, but how fast this happens
is not knowmn. For nore information, see Chapters 3, 4, and 5.

1.2 HOWM GHT | BE EXPOSED TO 1, 1, 2- TRI CHLOROETHANE?

Low levels of 1,1,2-trichloroethane may be found in outdoor air. The
mai n 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 nake other chenicals often recycle or burn
their waste, releases of 1,1,2-trichloroethane by these industries should
not be maj or sources of pollution. From surveys of industrial wastewater,
we | earn that sone of the industries that discharge 1,1, 2-trichloroethane
are the tinber products industry, plastics and synthetics industry, and
laundries. Limted data show that 1,1,2-trichloroethane is present in a
guarter to a half of city air sanples. Were 1,1, 2-trichloroethane is
found, the sanples tested usually contain 10 to 50 parts of 1,1, 2-
trichloroethane per trillion parts of air (ppt). Though exposure to
contam nat ed drinking water taken from groundwater sources is possible, such
exposure appears to be rare. A nationw de survey did not find 1,1, 2-
trichloroethane in drinking water, but well water in sonme areas has been
found to contain it. Surveys found 1,1,2-trichloroethane in well water in
W sconsin, New Jersey, Rhode Island, and Suffolk County, New York. The
| argest anpunt 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,
peopl e may be exposed to 1,1,2-trichloroethane fromspills and in the
wor kpl ace, where it may be used as a solvent. Exposure would nost |ikely be
from breathi ng vapors of the chemical or fromskin contact. Wen 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 systens, so that workers are not
usual Iy exposed to high levels of it. A national survey conducted in 1981-
1983 estimated that 1,036 workers were exposed to 1,1, 2-trichl oroet hane.
1,1,2-Trichl oroethane has been found thus far at 45 of 1177 hazardous waste
sites on the National Priorities List (NPL) in the United States. Landfil
gases fromthese sites may contain 1,1,2-trichloroethane. For nore

i nformation, please see Chapter 5.

1.3 HOWCAN I, 1, 2- TRI CHLORCETHANE ENTER AND LEAVE MY BCDY?

1,1, 2-Trichl oroet hane 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. Experinments in which animals
were given 1,1, 2-trichl oroethane by nmouth have shown that nost 1,1, 2-
trichloroethane | eaves the body unchanged in the breath and as ot her
substances that it was changed into in the urine in about 1 day. Very
little stays in the body nore than 2 days. Mre information on how 1,1, 2-
trichl oroethane can enter and | eave the body can be found in Chapter 2.

1.4 HOWCAN 1, 1, 2- TRI CHLOROETHANE AFFECT MY HEALTH?

1,1, 2-Trichl oroet hane can cause tenporary stinging and burning pain on
t he skin when humans touch it. There is no other information on the health
effects of 1,1,2-trichloroethane in humans. Mst of what we know about the
health effects of this chemical cones fromexperinments in animals. As is
true with nost chenmicals, a large amount of 1,1,2-trichloroethane produces
nore danmage than a small anmpunt. Short-term exposure to high |evels of
1,1,2-trichloroethane in air or high doses given by nmouth or applied to the
skin has caused death in animals. Long-term exposure of aninmals to high
doses given by nouth has al so shortened the |ifespan. These |evels and
doses are nmuch hi gher than would be found in the air, water, or food to
whi ch humans mi ght be exposed. Breathing high levels in air can affect the
nervous system and cause sl eepiness. 1,1, 2-Trichloroethane may al so affect
the liver, kidney, and digestive tract, produce skin irritation, and affect
the body's ability to fight infections. Mce, but not rats, that were given
hi gh doses of 1,1,2-trichloroethane by nouth for nost of their |ife devel oped
liver cancer, but we do not know whether humans exposed to this
chem cal would devel op cancer. Fromthe limted information available in
animals, it appears that 1,1,2-trichloroethane does not cause birth defects
or otherw se inhibit normal devel opnment. Mre information on the health
effects of 1,1, 2-trichloroethane can be found in Chapter 2.

1.5 1S THERE A MEDI CAL TEST TO DETERM NE WHETHER | HAVE BEEN EXPOSED TO
1,1, 2- TRI CHLOROETHANE?

Al t hough cheni sts have ways of neasuring some chem cals in body fluids,
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there is no coomonly used nedical test to find out whether a person has been
exposed to 1,1, 2-trichl oroet hane.

1.6 WHAT LEVELS OF EXPOSURE HAVE RESULTED | N HARMFUL HEALTH EFFECTS?

Tables I-1, 1-2, 1-3, and |-4 show the |ink between exposure to 1,1, 2-
trichl oroethane and known health effects. Tables 1-1 and |-3 show that no
information is available on hunan health effects from breathing, eating, or
drinking 1,1,2-trichloroethane. Mniml Ri sk Levels (MRLs) are included in
Table |1-3. These MRLs were derived fromaninmal data for both short- and
| ong-term exposure, as described in Chapter 2 and in Table 2-2. The MRLs
provide a basis for conparison to |evels which people m ght encounter
either in the air or in food or drinking water. If a person is exposed to
1,1,2-trichloroethane at an anount below the MRL, it is not expected that
harnful (noncancer) health effects will occur. Since these |levels are based
on information that is currently available, there is always sone uncertainty
associated with it. Also since the nethod for deriving MRLs does not use
any information about cancer, an MRL does not inply anything about the
presence, absence, or level of risk of cancer. In Table I-2, death is
reported to occur at levels that are |l ess than or equal to the levels that
cause central nervous system depression and mld liver effects. However,
the period of exposure that produces death is |longer. Mre information on
| evel s of exposure linked with harnful 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 limt of 0.6

pg/ L (ppb) 1,1,2-trichloroethane in waters such as | akes and streans. The
EPA al so requires industry to report discharges or spills of 100 or nore
Pounds.

Levels of 1,1,2-trichloroethane allowed in the workpl ace are regul ated
by the Cccupational Safety and Health Admi nistration (OSHA). The
occupational exposure limt is 10 parts of 1,1,2-trichloroethane per one
mllion parts of air (ppm) for an 8-hour workday, 40-hour workweek. More
i nformation on governnent reconmendations can be found in Chapter 7.

1.8 WHERE CAN | GET MORE | NFORMATI ON?

I'f you have nore questions or concerns, please contact your state
heal th or environnental departnent or:

Agency for Toxic Substances and Di sease Registry
Di vi si on of Toxi col ogy

1600 difton Road, E-29

Atl anta, Georgia 30333
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TABLE 1-1. Human Health Effects from Breathing 1,1,2-Trichloroethane*

Short-term Exposure
(less than or equal to 14 days)

Levels in Air (ppm) Length of Exposure Description of Effects
The health effects resulting
from short-term human
exposure to air containing
specific levels of
1,1,2-trichloroethane are
not known.

Long-term Exposure
(greater than 14 days)

Levels in Air (ppm) Length of Exposure Description of Effects
The health effects resulting
from long-term human
exposure to air containing
specific levels of
1,1,2-trichloroethane are
not known.

*See Section 1.2 for a discussion of exposures encountered in daily
life.
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TABLE 1-2. Animal Health Effects from Breathing 1,1,2-Trichloroethane

Short-term Exposure
(less than or equal to 14 days)

Levels in Air (ppm) Length of Exposure Degcription o ffects*
416 6 hr Death in mice.
418 4 hr Central nervous system
. depression in mice.
500 8 hr Death in rats.
800 3 hr Liver effects in mice.

Long-term Exposure
(greater than 14 days)

Levels in Air (ppm) Length of Exposure Description of Effects
The health effects resulting

from long-term animal
exposure to air containing
specific levels of
1,1,2-trichloroethane are
not known.

*These effects are listed at the lowest level at which they were first
observed. They may also be seen at the higher levels.
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TABLE 1-3. Human Health Effects from Eating or Drinking
1,1,2-Trichloroethane*

Short-term Exposure
(less than or equal to 14 days)

Levels in Food (ppm) Length of Exposure Description of Effects

The health effects resulting
from short-term human
exposure to air containing
specific levels of
1,1,2-trichloroethane are
not known.

; Levels in Water (ppm)

10.5 Minimal risk level (derived
from animal data; see
Section 1.6 for
discussion).

Long-term Exposure
(greater than 14 days)

Levels in Food (ppm) Length of Exposure Description of Effects

The health effects resulting
from long-term human
exposure to food containing
specific levels of
1,1,2-trichloroethane are
not known.

Levels in Water (ppm)

1.4 Minimal risk level (derived
from animal data; see
Section 1.6 for
discussion).

*See Section 1.2 for a discussion of exposures encountered in daily
life.
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TABLE 1-4. Animal Health Effects from Eating or Drinking
1,1,2-Trichloroethane

Short-term Exposure
(less than or equal to 14 days)

Levels in Food (ppm) Length of Exposure Description of Effects*
1200 1 day Liver effects in rats.

Levels in Water (ppm)

525 1 day Taste aversion in mice,.
670 1 day Motor impairment in mice
1990 1 day Death in mice.

5980 1 day Death in rats.

Long-term Exposure
(greater than 14 days)

Levels in Food (ppm) Length of Exposure Description of Effects¥
1500 78 weeks Shortened lifespan in
mice.

Levels in Water (ppm)

200 90 days Immune system effects in
mice.
200 90 days Liver effects in mice.

*These effects are listed at the lowest level at which they were first
observed. They may also be seen at higher levels.







2. HEALTH EFFECTS
2.1 | NTRODUCTI ON

This chapter contains descriptions and eval uati ons of studies and
interpretation of data on the health effects associated with exposure to
1,1,2-trichloroethane. Its purpose is to present |evels of significant
exposure for 1,1, 2-trichloroethane based on toxicol ogi cal studies,
epi dem ol ogi cal investigations, and environnental exposure data. This
information is presented to provide public health officials, physicians,
t oxi col ogi sts, and other interested individuals and groups with (1) an
overal | perspective of the toxicology of 1,1,2-trichloroethane and (2) a
depi ction of significant exposure |evels associated with various adverse
health effects.

2.2 DI SCUSSI ON OF HEALTH EFFECTS BY ROUTE OF EXPOSURE

To hel p public health professionals address the needs of persons living
or worki ng near hazardous waste sites, the data in this section are

organi zed first by route of exposure -- inhalation, oral and dermal -- and
then by health effect -- death, system c, inmunol ogical, neurol ogical

devel opnmental , reproductive, genotoxic, and carcinogenic effects. These
data are discussed in terns of three exposure periods -- acute,

i nternmedi ate, and chronic.

Level s 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 showi ng no-observed-adverse-effect | evels (NOAELS)
or | owest-observed-adverse-effect |evels (LOAELs) reflect the actual doses
(1 evel s of exposure) used in the studies. LOAELs have been classified into
"l ess serious" or "serious" effects. These distinctions are intended to
hel p the users of the docunment identify the |evels of exposure at which
adverse health effects start to appear, determ ne 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 |evels shown on the tables and graphs
may differ depending on the user's perspective. For exanple, physicians
concerned with the interpretation of clinical findings in exposed persons or
with the identification of persons with the potential to devel op such
di sease may be interested in |levels of exposure associated with "serious"
effects. Public health officials and project nmanagers concerned wth
response actions at Superfund sites may want information on | evels of
exposure associated with nore subtle effects in humans or animals (LOAEL) or
exposure | evel s bel ow which no adverse effects (NOAEL) have been observed.
Estimates of levels posing mnimal risk to humans (mninmal risk |evels,
MRLs) are of interest to health professionals and citizens alike.
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For certain chemicals, |evels of exposure associated with carcinogenic
effects may be indicated in the figures. These levels reflect the actual
doses associated with the tunor incidences reported in the studies cited.
Because cancer effects could occur at |ower exposure levels, the figures
al so show estinmated excess risks, ranging froma risk of one in 10,000 to
one in 10,000,000 (10" to 10"), as devel oped by EPA

Esti mates of exposure posing minimal risk to humans (MRLs) have been
nmade, where data were believed reliable, for the nost sensitive noncancer
endpoi nt for each exposure duration. MRLs include adjustnments to reflect
human variability and, where appropriate, the uncertainty of extrapolating
fromlaboratory animal data to humans. Al though met hods have been
established to derive these levels (Barnes et al. 1987; EPA 1980c),
uncertainties are associated with the techni ques.

2.2.1 Inhal ati on Exposure

Much of the data on the health effects of 1,1,2-trichl oroethane
foll owi ng inhal ati on exposure were taken froma linited, unpublished study
conduct ed by Dow Chem cal Company. The original study was not avail able for
review, but a brief description of the results was reported by Torkel son and
Rowe (1981). This study is discussed bel ow because in sone cases,
conparabl e i nformati on was not available fromother reports, and in other
cases, the levels of exposure associated with effects were noticeably
different fromthose reported in other studies. These data indicate that
the health effects of 1,1,2-trichloroethane m ght occur over a broader range of
exposure |l evels than data from ot her studies would suggest. Although these results
are di scussed below, they are not included in Table 2-1 or plotted in Figure 2-1
as levels of significant exposure because the details of experinental nethods and
results were not provided.

2.2.1.1 Death

No studies were |ocated regarding death in humans foll owi ng inhal ation
exposure to 1,1, 2-trichl oroet hane

Mortality produced by inhalation of 1,1,2-trichloroethane has been
studied in animals. Three of 5 rats exposed to 2080 ppmof 1,1, 2-
trichloroethane for 2 hours died within about 24 hours, but 5 rats exposed
to 890 ppmfor 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 foll owi ng exposure to 2000 ppm and 0-1/6 died
foll owi ng exposure to 1000 ppm The exact nunber of rats killed in each
treatnment group was not reported. Because it was not explicitly stated that
no rats died foll ow ng exposure to 1000 ppm this concentration was not used
as a NOAEL. The LG, 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 somol ent. Most nortality occurred within 24 hours of
exposure, but some deaths were reported up to 8 days later. No macroscopic



TABLE 2-1. Levels of Significant Exposure to 1,1,2-Trichloroethane - Irhalation
Exposure LOAEL? (Effect)

Graph ) Frequency/ b - —

Key Species Duration Effect NOAEL Less Serious Serious Reference

(ppm) {ppm) (ppm)

ACUTE EXPOSURE

Lethality

1, 2 rat 2h 890 2080 (3/5 dead) Carlson 1973

3 rat 4 h 2000 (2-4/6 dead) Carpenter et al. 1949
4 rat 6 h 1654 (LCgq) Bonnet et al. 1980

5 rat 8 h 999 (LCgq) Pozzani et al. 1959
6 rat 8 h 500 (4/6 dead) Smyth et al. 1969

7 mouse 2 h 12,934 (death) Lazarew 1929

8 mouse 6h 416 (LCgp) Gradiski et al. 1978
9 mouse 15 h 3750 (death) Gehring 1968
Systemic

10, 11 rat 2h Hepatic 890 2080 (incr SGPT) Carlson 1973

12 mouse 3h Hepatic 800 (incr SGPT) Takahara 1986a

13 mouse 15 h Hepatic 3750 (incr SGPT) Gehring 1968
Neurological

14 rat 6 h 1654 (somolent) Bonnet et al. 1980
15, 16 mouse 2h 1833 (lie down on side) 2749 (loss of reflex control) Lazarew 1929

17 mouse 4 h 418 (CNS depression) De Ceaurriz et al. 1981
18 mouse 15 h 3750 (anesthesia) Gehring 1968

3 0AEL - Lowest Observed Adverse Effect Level

bNOAEL - No Observed Adverse Effect Level
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lesions in the lungs, liver, or kidneys were found at autopsy. More than
hal f of the test rats died followi ng 7-hour exposure to 250 or 500 ppm of
1,1,2-trichloroethane, but no rats died follow ng exposure to 100 ppm

[ Unpubl i shed data, Dow Chemical Co. (cited in Torkelson and Rowe 1981)].
The results of this study were not used as |evels of significant exposure
because experinental nethods and results were not described in sufficient
detail. In rats exposed to 1,1, 2-trichloroethane for 8 hours, the LG, was
999 ppm (Pozzani et al. 1959). These authors reported, in a | ater study,

t hat exposure to 500 ppmfor 8 hours produced death in 4 out of 6 rats
within 14 days (Snyth et al. 1969).

In mce, 12,934 ppmof 1,1,2-trichl oroethane was found to be the
m ni mum | ethal 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 LG, value of 416 ppmwas calculated in nmice exposed for 6 hours
and observed for 14 days (Gadiski et al. 1978). In mce exposed to 3750
ppmof 1,1,2-trichloroethane, the LT, or exposure duration that produced
nortality in one-half of the mce tested, was calculated to be 600 m nutes
(CGehring 1968).

Only one study investigated the health effects of |long-terminhal ation
exposure to 1,1, 2-trichl oroethane. Exposure to 15 ppmof 1,1, 2-
trichloroethane for 6 nonths did not increase nortality in rats, guinea
pigs, or rabbits [Unpublished data, Dow Chemical Co. (cited in Torkel son and
Rowe 1981)]. Values reported by this study are not included as |evels of
signi ficant exposure because experinmental nethods and results were not
described in sufficient detail.

The hi ghest NOAEL val ues 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 (G adiski et al. 1978) and 500 ppm (Snmyth et al
1969) in air are presented in Table 1-2.

2.2.1.2 Systenic Effects

Respiratory Effects. No studies were |located regarding respiratory
effects in humans follow ng inhalati on exposure to 1,1, 2-trichl oroet hane.

Only one study investigated the respiratory effects of 1,1, 2-
trichloroethane inhalation in animls. Bonnet et al. (1980) macroscopically
exam ned the lungs of rats that survived a 6-hour exposure test from which
an LC,, of 1654 ppmwas cal cul ated. No | esions were found. This study was
not used as the basis of a NOAEL because histol ogi cal exam nations were not
perfornmed, and gross observations alone are not sufficient to detect subtle
health effects.

Hepatic Effects. No studies were |ocated regarding hepatic effects in
humans foll owi ng inhal ati on exposure to 1,1, 2-trichl oroethane
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Several studies exam ned 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 gl utam c-pyruvic transam nase (SGPT) | evel s neasured 22 hours after
exposure ended (Carlson 1973). This treatnent did not affect serum
gl ut am c- oxal oacetic transam nase (SGOT), gl ucose-6-phosphatase, or liver
wei ght. There were no hepatic effects after exposure to 890 ppmin this
study. Macroscopic exanmi nation of rats that survived exposure to 250 ppm of
1,1,2-trichloroethane for 4 hours, and 250-500 ppm for 7 hours, reveal ed
necrosis and tissue damage in the liver [Unpublished data, Dow Chenical Co.
(cited in Torkel son and Rowe 1981)]. No macroscopic | esions were found in
the livers of rats that survived a 6-hour exposure test from which an LG,
of 1654 ppm was cal cul ated (Bonnet et al. 1980). This study was not used as
the basis of a NOAEL because histol ogi cal exam nati ons were not perforned,
and gross observations alone are not sufficient to detect subtle health
effects. The occurrence of hepatic effects at |ower concentrations in the
Dow Chemical study than in other studies may be due to differences in
duration of exposure, endpoint exam ned, strain of rat used, or other
di fferences in experinmental protocols.

M ce exposed to 800 ppmof 1,1,2-trichloroethane for 3 hours had
decreased adenosi ne triphosphate (ATP), increased |iver triglycerides,
decreased plasna triglycerides, and increased SGPT (Takahara 1986¢).
Recovery occurred within 20 hours for all paraneters except SGPT, which
remai ned el evated. The ET,, for increased SGPT levels in mce exposed to
3750 ppmof 1,1,2-trichloroethane (duration of exposure that produced
i ncreased SGPT levels in one-half of the exposed mice) was 17.5 mnutes
(Gehring 1968). This was substantially shorter than the LT, of 600 mi nutes
for lethality.

M nor fatty changes and cloudy swelling were found in the livers of
femal e rats exposed to 30 ppmof 1,1,2-trichloroethane for 16 days.
However, 6-nmonth exposure to 15 ppm 1,1, 2-trichloroethane did not have
hi st opat hol ogi cal effects on the liver in rats, guinea pigs, or rabbits
[ Unpubl i shed data, Dow Chemical Co. (cited in Torkelson and Rowe 1981)].

The hi ghest NOAEL val ues and all reliable LOAEL val ues for hepatic
effects in each species are recorded in Table 2-1 and plotted in Figure 2-1.
Al t hough increased SGPT is reported as a |less serious effect, it is
suggestive of cell damage that can range fromless serious to serious. The
study by Dow Chemi cal was not used as the basis of a NOAEL or LOAEL because
experinental details were not reported. The concentration of 800 ppmin air
(Takahara 1986c¢) is presented in Table 1-2.

Renal Effects. No studies were located regarding renal effects in
hunmans foll owi ng i nhal ati on exposure to 1,1, 2-trichl oroethane

The renal effects of 1,1,2-trichl oroethane have been studied in
animals. In the rat, inhalation of 250 ppmof 1,1,2-trichloroethane for 4
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hours produced ki dney necrosis [Unpublished data, Dow Chemical Co. (cited in
Tor kel son and Rowe 1981)]. Exposure to 250 or 500 ppmfor 7 hours produced
mar ked ki dney danmage. This study was not used as the basis of a LOAEL
because experinental details were not reported. No macroscopic | esions were
found in the kidneys of rats that survived a 6-hour exposure test from which
an LG, of 1654 ppm was cal cul ated (Bonnet et al. 1980). This study was not
used as the basis of a NOAEL because hi stol ogi cal exam nati ons were not
perforned, and gross observations alone are not sufficient to detect subtle
health effects.

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

O her Systenmic Effects. No studies were |ocated regardi ng ot her
system c effects in hunmans follow ng inhal ati on exposure to 1,1, 2-
trichl or oet hane.

One study exam ned the relationship between inhalation of 1,1, 2-
trichl oroethane and body weight in aninmals. Reduced body wei ght gain was
reported in rats following a 6-hour exposure test fromwhich an LC, of 1654
ppm was cal cul ated (Bonnet et al. 1980). No | evel of significant exposure
was taken fromthis study because no data were presented in the paper.

2.2.1.3 Immunol ogi cal Effects

No studies were |ocated regardi ng i nmunol ogi cal effects in humans or
animals followi ng inhalation exposure to 1,1, 2-trichl oroethane.

2.2.1.4 Neurological Effects

No studies were |ocated regardi ng neurol ogical effects in humans
foll owi ng inhal ati on exposure to 1,1, 2-trichl oroet hane.

Studies in aninmals indicate that inhalation of 1,1, 2-trichloroethane
may produce neurol ogical effects. Exposure to 1654 ppmof 1,1, 2-
trichloroethane for 6 hours produced excitation, followed by sleepiness, in
rats (Bonnet et al. 1980). Mce exposed to 1,1, 2-trichl oroethane vapor for
2 hours laid down on their sides at 1833 ppm and | ost control of their
refl exes at 2749 ppm These concentrations are substantially | ower than the
m ni mum | et hal concentration of 12,934 ppmthat was reported in this study,
whi ch suggests that 1,1, 2-trichloroethane exhibited increased central
nervous system depression in this study (Lazarew 1929). The ET,, for
anesthesia in nmice exposed to 3750 ppm (duration of exposure that produced
anest hesia in one-half of the exposed mice) was 18 m nutes (Gehring 1968).
This was substantially shorter than the LT,, of 600 minutes for lethality,
i ndicating significant CNS-depressant potency in this study. A 50%
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el evation in the threshold for pentyl enetetrazol -i nduced sei zures of CNS
function, occurred in nice after exposure to 418 ppmof 1,1, 2-
trichloroethane for 4 hours (De Ceaurriz et al. 1981). This effect may

i ndi cate depression of CNS function.

Al reliable LOAEL val ues for neurol ogical effects in each species are
recorded in Table 2-1 and plotted in Figure 2-1. The concentration of 418
ppmin air (De Ceaurriz et al. 1981) is presented in Table 2-2.

2.2.1.5 Devel opnental Effects

No studies were |ocated regardi ng devel opnental effects in humans or
animals followi ng inhalation exposure to 1,1, 2-trichl oroethane.

2.2.1.6 Reproductive Effects

No studies were |ocated regarding reproductive effects in humans or
animals followi ng inhalation exposure to 1,1, 2-trichl oroethane.

2.2.1.7 Genotoxic Effects

No studies were |ocated regardi ng genotoxic effects in humans or
animals followi ng inhalati on exposure to 1,1, 2-trichl oroet hane.

2.2.1.8 Cancer

No studies were |ocated regardi ng cancer in humans or aninmals follow ng
i nhal ati on exposure to 1,1, 2-trichl oroet hane. Because 1,1, 2-trichl oroethane
was carcinogenic to mce by the oral route in the NCI (1978) bi oassay
(Section 2.2.2.8), it is assuned that it is carcinogenic by inhalation, and
the q,* for oral exposure was adopted as the g,* for inhalation (EPA
1988a). The q,* was converted to a unit risk for inhalation of 1.6 x 10°

(w/ m) ', which is equivalent to 8.7 x 107 (ppn)™*. This unit risk
corresponds to upper bound individual lifetinme cancer risks at 10° to 10"’
of 1 x 10°to 1 x 10° ppm which are plotted in Figure 2-1.

2.2.2 Oral Exposure
2.2.2.1 Death

No studies were |ocated regarding death in humans foll ow ng oral
exposure to 1,1, 2-trichl oroet hane

Several reports indicate that 1,1,2-trichloroethane may be lethal to
animals. An LD,, of 837 ng/kg (0.58 nmL/kg) was calculated for orally
adm ni stered, undiluted 1,1,2-trichloroethane in rats (Snmyth et al. 1969).
Moody et al. (1981) reported no nortality anong fasted rats given single
oral doses of 1,1,2-trichloroethane in mneral oil at 1080 ng/ kg, but this
val ue was not used as a NOAEL because only deaths during the first 18 hours



TABLE 2-2.

Levets of Significant Exposure to 1,1,2-Trichloroethane - Orat

Exposure LOAEL? (Effect)
Graph Frequency/ b
Key Species Route® Duration Effect NOAEL Less Serious Serious Reference
(mg/kg/day) (mg/kg/day) (mg/kg/day)
ACUTE EXPOSURE
Lethality
1 rat (G) 1x 837 (LDSO) Smyth et al. 1969
2 mouse (G) 1x 378 (LDgq) White et al. 1985
3, 4 mouse (G) 1x/d 100 300 (7/7 dead) Kallman et al.
7d 1983
5, 6 dog 1x 433 722 (1/1 dead) Wright and
Schaffer 1932
Systemic
7 rat (G) 1x Hepatic 1080 (biochemical Moody and Smuckler
changes) Smuckler 1986
8 rat (G) 1x Hepatic 1080 (biochemical Moody et al. 1981
changes) 1981
9 rat (G) 1x Hepatic 60 (incr SGOT Tyson et al.
and SGPT) 1983
10 rat (G) Ix/d Hepatic 180 (biochemical platt and Cockrill
changes) 1969
" 7d Other 180 (body wt
changes)
12 mouse (G) x/d Hemato 38 wWhite et al. 1985
13 14 d Hepatic 38
14 Renat 38
15 Other 38
16, 17 dog 1x Gastro 144 (mild effect) 433 (hemorrhage) Wright and
18, 19 Hepatic 144 (mild effect) 433 (necrasis) Schaffer 1932
20 Renal 144

(mild effect)
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TABLE 2-2 (continued)

Exposure LOAEL? (Effect)
Graph Frequency/ b
Key Species Route® Duration Effect NOAEL Less Serious Serious Reference
(mg/kg/day) (mg/kg/day) (mg/kg/day)
Immunological
21 mouse (G) 1x/d 38 : Sanders et al.
14 d 1985
Neurological
22 mouse (G) 1x : 450 (sedation) White et al. 1985
23 mouse ) 1x 128 (motor impairment) Borzelleca 1983 o
24,25 mouse (G) 1x/d 30d 100 (taste aversion) Kallman et al. e
7d 1983 =
&
26 mouse W) 4d 46 Kallman and Kaempf — -
1984 To®
23]
27, 28 dog 1x 144 289 (drowsiness) Wright and g
Schaffer 1932 1
Q
—
Reproductive w
29 mouse (G) 5d (days 350 Seidenberg et al.
8-12 of 1986
gestation)
INTERMEDIATE EXPOSURE
Systemic
30 rat (G) 5 d/wk Other 69 (body wt Story et al. 1986
7 wk changes)
31 mouse ) 9 d Hemato 305 ' White et al. 1985
32, 33 Hepatic 4.4% 46 (liver effects)
34 Renal 305
35, 36 Other 46 305 (body wt

changes)



TABLE 2-2 (continued)

Exposure LOAEL? (Effect)
Graph Frequency/ b
Key Species Route® Duration Effect NOAEL Less Serious Serious Reference
(mg/kg/day) (mg/kg/day) (mg/kg/day)
Immunological
37,38  mouse ) 90 d 4.4 44 (immune effects) Sanders et al.
1985
CHRONIC EXPOSURE
Lethality
39 rat (G) 5 d/wk 92 NCI 1978
78 wk
40 mouse (G) S d/wk 195 (increased mortality) NCI 1978
78 wk
Systemic
41 rat (G S d/wk Resp 92 NCI 1978
78 wk Cardio 92
Gastro 92
Hemato 92
Musc/skel 92
Hepatic 92
Renal 92
Derm/Oc 92
Other 92
42 mouse (6) 5 d/fwk Resp 390 NCI 1978
78 wk Cardio 390
Gastro 390
Hemato 390
Musc/skel 390
Hepatic 390
Renal 390
Derm/Oc 390
Other 390
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TABLE 2-2 (continued)

Exposure LOAEL? (Effect)
Graph Frequency/ b
Key Species Route®  Duration Effect NOAEL Less Serious Serious Reference
(mg/kg/day) (mg/kg/day) (mg/kg/day)
Carcinogenic
43 mouse  (G) 5 d/wk 195 (ceLf-liver, adrenals)  wc1 1978
78 wk

3 0AEL - Lowest Observed Adverse Effect Level
bNOAEL - No Observed Adverse Effect Level
¢ - gavage, W - drinking water
YQysed to derive acute oral MRL; dose divided by an uncertainty factor of 100 (10 for extrapolation from animals to humans and 10 for human
variability) resulting in an MRL of 0.3 mg/kg/day. The MRL was converted to an equivalent concentration in water (10.5 ppm) for
presentation in Table 1-3.
sed to derive intermediate oral MRL; dose divided by an uncertainty factor of 100 (10 for extrapolation from animals to humans and
10 for human variability) resulting in an MRL of 0.04 mg/kg/day. The MRL was converted to an equivalent concentration in water
(1.4 ppm) for presentation in Table 1-3.
CEL - Cancer Effect Level
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after adm nistration were recorded, and only 3 rats were tested. In mce,
the oral LD, of 1,1, 2-trichloroethane adm ni stered by gavage in water was
reported to be 378 ng/ kg for nmales and 491 ng/kg for fermales (Wiite et al
1985). The | ower val ue of 378 ng/ 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
reveal ed henorrhagic areas in the lungs and pale coloration of the liver,
whi ch may al so have been caused by henorrhage. These effects nmay have
contributed to the death of these aninmals. The only dog given 1,1, 2-
trichloroethane (vehicle not specified) at 722 ng/kg died, but all 5 that
recei ved doses ranging from 144 to 433 nyg/ kg survived (Wight and Schaffer
1932).

Lethality was investigated in two short-termrepeat ed-dose studies.
Oral doses of 1,1,2-trichloroethane given by gavage in water at 300 ng/kg,
repeated daily for 7 days, resulted in the death of all 7 mce tested
(Kall man et al. 1983). Doses up to 100 ng/kg/day did not produce death in
this study. Oral adm nistration by gavage of 38 ng/kg/day in 10% Enul phor
for 14 days did not produce nortality in nmice (Wite et al. 1985).

One long-term study investigated the effect of 1,1,2-trichloroethane on
ani mal survival. Mce were given daily oral doses of 1,1,2-trichloroethane
at 195 or 390 ng/kg in corn oil for 78 weeks (NCI 1978). Al though nale
survival was not affected, female survival was reduced in a dose-dependent
manner. A |large nunber of the deaths in the fenal e | ow dose group occurred
early in the experinment; these were not tunor-related and did not appear to
have a conmon cause. In rats, survival was not affected by ora
adm ni stration of doses of 1,1,2-trichloroethane at either 46 or 92
ng/ kg/ day for 78 weeks (NCI 1978). However, rat vehicle controls had
unusual Iy high nmortality in this study.

The hi ghest 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-termstudies of 1,1,2-trichloroethane adnm nistered in
drinking water were |ocated; therefore the dose |evel of 837 ng/kg/day,
whi ch was adnmi ni stered by gavage undiluted (Smyth et al. 1969), and the dose
| evel of 378 ng/ kg/day, which was adm ni stered by gavage in water (Wite et
al . 1985), were converted to equival ent concentrations, respectively, of
5980 and 1990 ppmin water for presentation in Table I-4. No |long-term
studies of 1,1,2-trichloroethane adm nistered in food were | ocated;
therefore the dose | evel of 195 ng/kg/day, which was adm ni stered by gavage
in corn oil (NC 1978), was converted to an equival ent concentration of 1500
ppmin food for presentation in Table |-4.

2.2.2.2 Systenic Effects

Respiratory Effects. No studies were |located regarding respiratory
effects in hunmans follow ng oral exposure to 1,1, 2-trichloroethane.
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Respiratory effects have been studied in animals. Henorrhagi c areas
were found in the lungs of mice that died foll owi ng gavage adm ni stration of
1,1,2-trichloroethane in water at 200 to 600 ng/kg (Wite et al. 1985).

This study was not used as the basis of a LOAEL because the effect was
reported only in mce that died as a result of exposure. Daily

adm ni stration of 1,1,2-trichloroethane by gavage in 10% Enmul phor at

38 nmg/ kg for 14 days did not affect lung weight in the nouse (Wite et al
1985). Consunption of 305 ng/kg/day by mal es and 384 ny/ kg/day by fenul es
in the drinking water for 90 days was al so without effect on nouse |ung

wei ght (Wiite et al. 1985). These dose levels were not used as NOAEL val ues
because | ung wei ght al one may not be an adequate endpoint to assess possible
ti ssue damage. However, organ wei ght changes, when they occur in
conjunction with other subtle effects, may indicate tissue damage.

H st opat hol ogi cal exam nation of respiratory organs and tissues using |ight
m croscopy found no increase in the occurrence of non-neoplastic |esions
following 78 weeks of oral 1,1,2-trichloroethane admnistration in corn oi
at doses of 46 or 92 ng/kg/day in rats and 195 or 390 ng/kg/day in mce (NC
1978). NOAEL val ues for respiratory effects derived fromthis study are
recorded in Table 2-2 and plotted in Figure 2-2.

Cardi ovascul ar Effects. No studies were |ocated regardi ng
cardi ovascul ar effects in humans follow ng oral exposure to 1,1, 2-
trichl oroet hane.

One study of cardiovascular effects in aninmals was | ocated.
H st opat hol ogi cal exam nation of cardi ovascul ar tissues using |ight
nm croscopy found no increase in the occurrence of non-neoplastic |esions
following 78 weeks of oral 1,1,2-trichloroethane admnistration in corn oi
at doses of 46 or 92 ng/kg/day in rats and 195 or 390 ng/kg/day in nice (NC
1978). NOAEL val ues for cardiovascul ar effects in each species are recorded
in Table 2-2 and plotted in Figure 2-2.

Gastrointestinal Effects. No studies were |ocated regarding
gastrointestinal effects in humans followi ng oral exposure to 1,1, 2-
trichl or oet hane.

There is sonme evidence for adverse gastrointestinal effects in aninmals.
M ce that died follow ng adm nistrati on by gavage in water of single ora
doses of 1,1, 2-trichloroethane above 200 ny/ kg di spl ayed a dose-rel ated
increase in the incidence of gastric irritation until all animals were
affected at 500 ng/ kg (White et al. 1985). This study was not used as the
basis of a LOAEL because the effect was reported only in mce that died as a
result of exposure. MId inflanmati on and congesti on of the
gastrointestinal tract, as well as nausea, were noted in a dog given oral
adm ni stration (vehicle not specified) of 144 ng/kg (Wight and Schaffer
1932). Severe irritation and henorrhage were found in 2 of the 3 dogs given
doses of 433 or 722 ny/kg. Hi stopathol ogi cal exam nation of
gastrointestinal organs and tissues by light mcroscopy reveal ed no increase
in the occurrence of non-neoplastic |esions followi ng 78 weeks of ora
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1,1,2-trichloroethane admni strati on by gavage in corn oil at doses of 46 or
92 ng/ kg/day in rats and 195 or 390 ng/kg/day in mice (NCI 1978). The

hi ghest NOAEL val ues and all reliable LOAEL val ues for gastrointestina
effects in each species and duration category are recorded in Table 2-2 and
plotted in Figure 2-2.

Herat ol ogi cal Effects. No studies were |ocated regardi ng hematol ogi ca
effects in humans follow ng oral exposure to 1,1, 2-trichloroethane.

In aninmals, hematol ogical effects were the subject of several studies.
No henatol ogical effects were found after daily adm nistration to nice of
1,1,2-trichloroethane by gavage in Emul phor at 38 ng/kg for 14 days (Wite
et al. 1985). No hemmtol ogical effects were found in nale mce exposed to

<305 ng/ kg/day in the drinking water for 90 days, but changes in
hemat ol ogi cal paraneters were recorded in fenales that received doses as | ow
as 3.9 ng/kg/day (Wiite et al. 1985). These included nild decreases in
hematocrit and henogl obin at 384 ng/ kg/day, increases in platelets and
fibrinogen that were found in all groups, but were not dose-rel ated, and

| eukocytes that were elevated, conpared to controls, in the high-dose group,
but which were only slightly higher than the historical control value in
this | aboratory. There was al so a decrease in prothronbin tinme that

appeared to be dose-rel ated and becane significant at 44 ng/ kg/day. These
changes were not clearly adverse to the mce, so only a NOAEL was derived
fromthis study. Hi stopathol ogi cal exam nation of spleen and bone marrow
using light mcroscopy found no increase in the occurrence of non-neopl astic
| esions following 78 weeks of oral 1,1,2-trichloroethane admnistration in
corn oil at doses of 46 or 92 ng/kg/day in rats and 195 or 390 ng/kg/day in
mce (NCI 1978). The NOAEL val ues for henatol ogical effects in each species
and duration category are recorded in Table 2-2 and plotted in Figure 2-2.

Muscul oskel etal Effects. No studies were |ocated regarding
muscul oskel etal effects in humans followi ng oral exposure to 1,1, 2-
trichl or oet hane.

Only one study investigated muscul oskel etal effects in animals.
H st opat hol ogi cal exam nation of nuscul oskel etal tissues by |ight
nm croscopy reveal ed no increase in the occurrence of non-neoplastic |esions
following 78 weeks of oral 1,1,2-trichloroethane admnistration in corn oi
at doses of 46 or 92 ng/kg/day in rats and 195 or 390 ng/kg/day in nice (NC
1978). NOAEL val ues for muscul oskel etal effects in each species are
recorded in Table 2-2 and plotted in Figure 2-2.

Hepatic Effects. No studies were |ocated regarding hepatic effects in
humans foll owi ng oral exposure to 1,1, 2-trichl oroethane.

Necropsy of nice that died follow ng single oral doses of 1,1, 2-
trichl oroethane by gavage in water at 200 to 600 ng/ kg reveal ed pal e
coloration of the liver (Wite et al. 1985). This study was not used as the
basis of a LOAEL because the effect was reported only in mce that died as a
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result of exposure. Dogs given 144 ng/ kg or nore had congestion, fatty
degeneration, edemn, and the onset of necrosis in the liver (Wight and
Schaffer 1932). Massive liver necrosis occurred in 1 of the 3 dogs given

433 ng/ kg or above. Tyson et al. (1983) found significant increases in SGOT
and SGPT follow ng oral administration of 1,1,2-trichloroethane in corn oi
to rats. The ED,for this effect was 60 ng/kg. Decreases in cytochrome P-
450, ALA-dehydratase, and gl utathione |evels occurred after adm nistration
of 1080 ng/kg by gavage in mineral oil in rats (Mody et al. 1981, Muody and
Smuckl er 1986). Increased relative liver weight and alterations in fatty
acid content of liver mcrosones (increased oleic acid and decreased

arachi donic acid content) were also seen in this study, which was limted by
snmal | sanple size (Mbody et al. 1981). { ucose-6-phosphat e dehydrogenase

| evel s increased 195% and NADH,-cytochrome c reductase | evels decreased

33% in rats admnistered 1,1,2-trichloroethane orally in liquid paraffin at
180 ny/ kg/day for 7 days (Platt and Cockrill 1969). Liver weight,

m crosomal and cell-sap protein concentrations, and |evels of NADPH-
cytochrone c reductase, am nopyrine denethyl ase, gl ucose-6-phosphat ase,

| act at e dehydrogenase, gl utanmate dehydrogenase, and 6- phosphogl uconate
dehydr ogenase were not significantly changed in this study. SGPT |evels

were not affected by 14-day administration of 1,1,2-trichloroethane by
gavage i n an aqueous Emul phor emul sion at 38 ng/kg/day in mce (Wite et al.
1985). In nmale mice exposed to 1,1,2-trichloroethane for 90 days in the
drinking water, liver glutathione decreased 16% fol |l owi ng exposure to 46

ng/ kg/ day and 28% fol | owi ng exposure to 305 ng/ kg/day; serumtransam nase

| evel s were not significantly increased at either dose (Wite et al. 1985).
In the same study, fenmale nice that received 384 ny/ kg/day had a 13%
increase in liver glutathione and significantly el evated SGT | evels. SGOT

| evel s were increased in femal es exposed to 3.9 ng/ kg/day and above, but
this was not considered to be a conpound-rel ated effect because no dosedependency
was established. The NOAEL for liver effects in this study was taken to be 4.4
ng/ kg/ day. Based on this value, which was rounded off to 4ny/kg/day, an
internmediate oral MRL of 0.04 ny/kg/day was cal cul ated, as

described in the footnote in Table 2-2. This MRL has been converted to an
equi val ent concentration in water (1.4 ppn) for presentation in Table 1-3.
No increase in the occurrence of non-neoplastic lesions in the |liver was
found by Iight microscopic histopathol ogi cal exam nation follow ng 78 weeks
of oral 1,1,2-trichloroethane admi nistration by gavage in corn oil at doses
of 92 ny/kg/day in rats and 390 ng/kg/day in mce (NCl 1978).

The hi ghest NOAEL values and all reliable LOAEL val ues for hepatic
effects in each species and duration category are recorded in Table 2-2 and
plotted in Figure 2-2. No short-termstudies of 1,1,2-trichloroethane
adm ni stered in food were |ocated; therefore, the dose |evel of 60
ng/ kg/ day, which was adnmi ni stered by gavage in corn oil (Tyson et al. 1983),
was converted to an equival ent concentration of 1200 ppmin food for
presentation in Table 1-4. The dose of 46 ng/kg/day was cal cul ated from an
adm ni stered concentrati on of 200 ppmin water (Wite 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
hunmans foll owi ng oral exposure to 1,1, 2-trichl oroethane.

There are sone reports of renal toxicity in animls, although nost
studi es reported negative results. Coudy swelling and congestion of the
ki dney were found by histopathol ogi cal exam nation in dogs given 1,1, 2-
trichloroethane orally (vehicle not specified) at doses of 144 ng/kg or
above (Wight and Schaffer 1932). There was a significant, |owlevel
depression of in vitro organic ion uptake in renal cortical slices taken
fromrats given single oral doses of 1,1,2-trichloroethane in corn oil at 72
to 505 ng/ kg (Watrous and Plaa 1972a). There was no cl ear dose-response
relationship in this study, however. In mce admnistered 1,1, 2-
trichloroethane at up to 2886 ng/kg, the results were nore 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 wei ght or blood urea nitrogen,
an indicator of kidney function, in mce given 1,1,2-trichloroethane by
gavage in 10% Enul phor for 14 days at a dose of 38 ng/kg/day or in the
drinking water for 90 days at a dose of 305 ng/kg/day in nales and 384
ng/ kg/ day in females (Wiite et al. 1985). No increase in the occurrence of
non- neopl astic |l esions was found in the kidney by light mcroscopic
hi st opat hol ogi cal exani nation foll owing 78 weeks of oral 1,1,2-trichloroethane
adm nistration in corn oil at doses of 92 ng/kg/day in rats and 390 ng/ kg/day in
mce (NCI 1978). The hi ghest NOAEL val ues and all reliable LOAEL val ues for renal
effects in each species and duration category are recorded in Table 2-2 and
plotted in Figure 2-2.

Dermal / Ccul ar Effects. No studies were |ocated regardi ng dermal or
ocul ar effects in humans foll owi ng oral exposure to 1,1, 2-trichl oroethane

Only one study eval uated dermal or ocular effects in animals.
H st opat hol ogi cal exam nation of the skin and eye using |ight mcroscopy
found no increase in the occurrence of non-neoplastic |esions follow ng 78
weeks of oral 1,1,2-trichloroethane adninistration in corn oil at doses of
46 or 92 ng/kg/day in rats and 195 or 390 ng/kg/day in nmice (NC 1978).
NOAEL val ues for dernal/ocular effects in each species are recorded in Table
2-2 and plotted in Figure 2-2.

O her Systemic Effects. No studies were |ocated regardi ng ot her
system c effects in humans follow ng oral exposure to 1,1, 2-trichloroethane.

The effect of 1,1,2-trichloroethane on body wei ght was investigated in
several reports. Mody et al. (1981) reported reduced body weight gain in
rats orally exposed to 1,1, 2-trichloroethane in mneral oil at 1080 ng/ kg,
but a LOAEL was not derived because no data were presented. Rats given 180
ng/ kg/day in liquid paraffin for 7 days grew only 8% over the course of the
experinent, whereas control rats grew 34% (Platt and Cockrill 1969). G owth
was reduced approximately 60%in rats given 69 ng/kg/day by gavage in corn
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oil for 7 weeks (Story et al. 1986). In mce, body weight gain was not
significantly affected by gavage admi nistration of 1,1,2-trichloroethane in

10% Emul phor at 38 ng/ kg/day for 14 days (Wite et al. 1985). Kallnman and

Kaenpf (1984) reported that body growh in male mce was unchanged by go-day
exposure to 46 ng/ kg/day in the drinking water. Exposure to 1,1, 2-

trichloroethane in the drinking water for 90 days produced a concentrati on-
dependent reduction in weight gain in male mce that was significant at 305

ng/ kg/ day (Wiite et al. 1985). Weight gain in female mce was not affected in this
study. When admi ni stered by gavage in corn oil, doses of 92 ng/kg/day in rats and
390 ng/kg/day in mce for 78 weeks (NCI 1978) did not inhibit body growh. The

hi ghest NOAEL and all reliable LOAEL val ues for reduced growmh in each species and
duration category are recorded in Table 2-2 and plotted in Figure 2-2. Sonme of the
variability in these results may be explained by differences in the vehicles and
ani mal strains used.

2.2.2.3 I mmunol ogi cal Effects

No studies were |ocated regardi ng i nmunol ogi cal effects in hunans
followi ng oral exposure to 1,1, 2-trichloroethane.

I mmunol ogi cal effects in mce were studi ed by Sanders and co-workers
(Sanders et al. 1985, White et al. 1985). Oral administration of 1,1, 2-
trichloroethane to male m ce at gavage doses in 10% Emul phor up to 38 ng/kg
once a day for 14 days had no effect on hunoral or cell-nediated inmune
response to sheep red blood cells (Sanders et al. 1985). Hunoral inmmune
response was neasured by the nunber of IgM antibody form ng cells produced
agai nst sheep red blood cells in the spleen. Spleen and thynus wei ght were
not affected by treatnment (White et al. 1985). A NOAEL of 38 ng/kg/day for
i munol ogi cal effects in mce follow ng acute oral exposure was derived from
this study.

In a longer-termstudy, mce were exposed to 1,1,2-trichloroethane in
the drinking water for 90 days (Sanders et al. 1985, Wite et al. 1985).
Mal es received doses of 4.4, 46, and 305 ng/kg/day and fenal es received
doses of 3.9, 44, and 384 ng/kg/day. Hunoral inmune response was neasured
by the nunber of IgMantibody formng cells produced agai nst sheep red bl ood
cells in the spleen, hemagglutination titers, and spleen | ynphocyte response
to |ipopolysacchari de (Sanders et al. 1985). The nunber of antibody forning
cells in the spleen was not consistently affected by treatment. A
significant increase was obtained in fenal es that received 384 ng/ kg/ day,
but only on day 4 follow ng i muni zation and only when counted on a 10° cel |
basis. Significant increases were also found by sone neasurenents in | ow dose
mal es, but hi gh-dose nales were not affected. Hemaglutination titers
gxhib:ted a dose-dependent depression that was significant at 46 ng/kg/ day
in mal es
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Cel | - mredi at ed i mmune response to sheep red bl ood cells was not affected
in any group tested by Sanders et al. (1985). Both del ayed-type hypersensitivity
and popliteal |ynph node proliferation responses were exam ned. O her inmune
responses were al so eval uated. Peritoneal nacrophages from mal es exposed to 305
ng/ kg/ day had a significantly depressed ability to phagocytize sheep red bl ood
cells. This effect was not found in females. The functional activity of the fixed
macr ophages of the reticul oendothelial systemwas altered in fenal es exposed to
384 ny/ kg/ day, which had a 17%increase i n vascul ar cl earance of sheep red bl ood
cells, but not nmales. Spleen weight was unchanged in nobst groups, but was
increased in fermal es exposed to 384 ng/kg/day (Wite et al. 1985). Thynus wei ght
was not affected in any group.

On the basis of this study, 44 ng/ kg was chosen as the LOAEL and 4.4
ng/ kg/ day as the NOAEL for immunol ogical effects in oral studies of
i ntermedi ate duration. The dose of 44 ng/kg/day was cal cul ated from an
adm ni stered concentration of 200 ppmin water by Sanders et al. (1985).
This concentration is presented in Table |-4.

No increase in the occurrence of non-neoplastic |lesions was found in
organs and tissues of the inmune systemfollowi ng 78 weeks of oral 1,1, 2-
trichloroethane adnmnistration in corn oil at doses of 46 or 92 ny/kg/day in
rats and 195 or 390 ng/kg/day in mice (NCI 1978). This study involved
hi st opat hol ogi cal exam nati on of the spleen, thynus, and | ynph nodes using
light mcroscopy, but because specific tests for inmunotoxicity were not
perfornmed, NOAEL val ues were not derived.

2.2.2.4 Neurological Effects

No studies were |ocated regardi ng neurol ogical effects in humans
followi ng oral exposure to 1,1, 2-trichloroethane.

1,1, 2-Trichl oroet hane has neurol ogical effects in acutely exposed
animals. Al mice given single oral doses of 1,1,2-trichloroethane at 450
ng/ kg or nore in water were sedated within 1 hour of admi nistration (Wite
et al. 1985). The ED,, for notor inpairnent (dose that produced notor
impairnment in one half of the test animals) in mce was 128 ng/ kg
adm ni stered by gavage in water (Borzelleca 1983). The peak effect occurred
within 5 mnutes of exposure. In dogs, doses of 1,1,2-trichloroethane at
289 to 722 ng/ kg (vehicle not specified) produced drowsiness,

i ncoordination, and partial narcosis after 12 to 50 m nutes (Wight and
Schaffer 1932).

Kall man et al. (1983) reported that 1,1, 2-trichloroethane adm nistered
by gavage in water produced a significant dose-related taste aversion to
saccharin in the drinking water. The NOAEL for this effect was 30 ng/ kg and
the LOAEL was 100 ng/kg. An ED,, of 32 ng/kg was cal cul ated. Mce did not
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display a taste aversion to 1,1,2-trichloroethane itself when 46 ngy/kg/ day
was added to the drinking water for 4 days (Kallman and Kaenpf 1984).

Longer-term studi es did not report neurol ogical effects follow ng ora
adm nistration of 1,1,2-trichloroethane. Admi nistration of 38 ng/kg/day in
10% Emul phor for 14 days did not affect brain weight in nice (Wite et al
1985). Mouse brain wei ght was al so unaffected by exposure to 305-384
ng/ kg/ day in the drinking water for 90 days (Wite et al. 1985). NOAEL
val ues were not derived fromthese studi es because brain weight alone is
not an adequate endpoint to assess neurotoxicity. No effect on the occur-
rence of non-neoplastic |lesions in nervous systemorgans and tissues
was found by histopathol ogi cal exam nation using light mcroscopy follow ng
78 weeks of oral 1,1,2-trichloroethane adm nistration in corn oil at doses
of 46 or 92 ng/kg/day in rats and 195 or 390 ng/kg/day in mce (NCl 1978).
NOAEL val ues were not derived fromthis study because tests of nervous
system function were not included, and hi stopathol ogy al one may not be an
adequat e endpoint to assess neurotoxicity.

The hi ghest NOAEL val ues and all reliable LOAEL val ues for neurol ogica
effects in each species are recorded in Table 2-2 and plotted in Figure 2-2.
Effects were not reported by short-termstudies of 1,1,2-trichloroethane in
drinking water; therefore, the dose |levels of 100 ng/kg/day, resulting in
taste aversion (Kallman et al. 1983), and 128 ng/ kg/day, resulting in notor
i mpai rnent (Borzelleca 1983), which were adm nistered by gavage in water,
were converted to equival ent concentrations of 525 and 670 ppm respectively,
for presentation in Table 1-4. Based on the NOAEL of 30ng/kg/day, an acute ora
MRL of 0.3 ng/kg/day was cal cul ated as described in the footnote in Table 2-2.
This MRL has been converted to an equival ent NOAEL of 30 concentration in water
(10.5 ppm for presentation in Table |-3.

2.2.2.5 Devel opnental Effects

No studies were | ocated regardi ng devel opnental effects in hunmans
followi ng oral exposure to 1,1, 2-trichloroethane.

One study of the devel opmental effects of 1,1,2-trichloroethane in
animal s was found. Pregnant fenmale mice were orally admnistered 1,1, 2-
trichloroethane in corn oil at 350 ng/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 treatnment, and neither was average
neonat al wei ght neasured on days 1 and 3 post partum A NOAEL for
devel oprmental effects was not derived fromthis study because nore explicit
devel opnment al endpoints (eg the incidence of mal formations) were not
i nvesti gat ed.

2.2.2.6 Reproductive Effects

No studies were |ocated regardi ng reproductive effects in humans
followi ng oral exposure to 1,1, 2-trichloroethane
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Studies of orally adnministered 1,1,2-trichloroethane did not report
significant reproductive effects in animals. Seidenberg et al. (1986) found
no effect on nunber of litters resorbed or average nunber of neonates per
litter in mce following oral adm nistration of 350 ng/kg/day in corn oil on
days 8 through 12 of gestation. This was a mininmally toxic dose expected to
produce significant maternal weight reduction and up to 10% nat er na
nortality. Maternal body weight was not affected in this study, but sone
maternal nortality did occur. A NOAEL of 350 ng/kg/day derived fromthis
study is recorded in Table 2-2 and plotted in Figure 2-2. Testis weight in
nmce was not affected when 1,1, 2-trichl oroethane was adm ni stered by gavage
in 10% Enmul phor for 14 days at a dose of 38 ny/kg/day (White et al. 1985).
Exposure to 46 ng/ kg/day or above in the drinking water for 90 days produced
a significant increase in relative, but not absolute, testis weight in mce
(White et al. 1985). NOAEL and LOAEL val ues were not derived fromthese
studi es, however, because testes weight alone nay not be an adequate
endpoint to assess reproductive toxicity. Al so, changes in testis weight
are not necessarily associated with reproductive dysfunction. No effect on
t he occurrence of non-neoplastic lesions in structures of the reproductive
system was found by histopathol ogi cal exam nation using |ight mcroscopy
following 78 weeks of oral 1,1,2-trichloroethane admnistration in corn oi
at doses of 46 or 92 ng/kg/day in rats and 195 or 390 ng/kg/day in mce (NC
1978). NOAEL val ues were not derived fromthis study because tests of
reproductive function were not included and hi st opat hol ogy al one may not be
an adequate endpoint to assess reproductive toxicity.

2.2.2.7 Genotoxic Effects

No studies were |ocated regardi ng genotoxic effects in humans or
animals followi ng oral exposure to 1,1, 2-trichloroethane.

2.2.2.8 Cancer

No studies were | ocated regardi ng cancer in humans foll owi ng ora
exposure to 1,1, 2-trichl oroet hane

One study of cancer in animals orally exposed to 1,1, 2-trichl oroethane
was | ocated. There was no significant increase in the occurrence of
neopl asns i n Osbourne-Mendel rats of either sex followi ng 78 weeks of ora
1,1,2-trichl oroethane adm nistration in corn oil at doses of 46 or 92
ng/ kg/ day (NCI 1978). In B6C3FI mice, there was a highly significant dose-
related increase in the incidence of hepatocellular carcinomas in both males and
femal es following 78 weeks of oral administration in corn oil at doses of 195 or
390 ny/ kg/day (NCI 1978). These carci nomas were found in 10
percent of untreated control nales, 12 percent of vehicle control nmmles, 37
percent of |ow dose males, and 76 percent of high-dose males; they were
found in 10 percent of untreated control females, 0% of vehicle contro
femal es, 33% of | ow dose femal es, and 89% of hi gh-dose females. In
addition, there was a significant increase in the occurrence of adrena
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pheochronmocytomas in nmice of both sexes at 390 ng/ kg/ day. These | esions,
not found in the control or |ow dose groups, had an incidence of 17 percent
i n high-dose mal es and 28 percent in high-dose females. The value of this
study is limted by its relatively short duration of 78 weeks and its
conduct before the inplenmentation of Good Laboratory Practices (GLP). A
Cancer Effect Level (CEL) of 195 ng/kg/day is recorded in Table 2-2 and
plotted in Figure 2-2. A ql* of 5.73 x 107 (ng/ kg/ day) * was cal cul at ed

for 1,1,2-trichloroethane based on the incidence of hepatocellular carcinoma
in male mce (EPA 1980, 1988a). This qg,* was used to cal cul ate upper bound
individual lifetime cancer risks at 10° to 10" risk levels of 1.8 x 10°

to 1.8 x 10° ng/kg/ day, which are plotted in Figure 2-2.

2.2.3 Dermal Exposure
2.2.3.1 Death

No studies were |ocated regarding death in hunmans foll ow ng dernal
exposure to 1,1, 2-trichl oroet hane

Dermal ly applied 1,1, 2-trichl oroet hane has been reported to cause death
in animals. A single dermal application of 116 ng/cnf (0.25 nlL applied to a
3.1 cnk2 area of the back) was allowed to remain on the skin of guinea pigs
until it disappeared (5 to 7 days). This treatnent resulted in the death of
25% of the guinea pigs tested wthin 28 days (Wahl berg 1976). Doses of 233
and 931 ng/cnf killed all tested animals within 3 days in this study. A
dose of 116 ngy/cnf 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 LD, of 3.73 nlL/kg (see Table 2-3) was reported for rabbits
(Snyth 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 Systenic Effects

Hepatic Effects. No studies were |ocated regarding hepatic effects in
hunmans foll owi ng dermal exposure to 1,1, 2-trichl oroethane

One study investigated the hepatotoxicity of dernmally applied 1,1, 2-
trichloroethane in aninmals. GQuinea pig |liver glycogen content was reduced
within 2 hours follow ng dermal application of 1 nL of 1,1,2-trichloroethane
to a 3.1 cnf area of the back (465 ng/cnf) (Kronevi et al. 1977). Hydropic
changes in the liver were also found. These effects may not have been
compound-r el at ed, however, since they were found in animals killed under
anest hesi a produced by pentobarbital, but not unanesthetized ani nal s.
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.



TABLE 2-3. Levels of Significant Exposure to 1,1,2-Trichloroethane - Dermal

Exposure LOAEL® (Effect)
Graph Frequency/
Key Species Duration Effect NOAEL Less Serious Serious Reference
ACUTE EXPOSURE
Lethality
1 guinea pig 5-7 d 116 ng/cmzlday (5/20 dead) Wahlberg 1976
rabbit x 3.73 mL/kg (LDSO) Smyth et al. 1969
Systemic N
2 human 5 min Derm/Oc 698 mg/cm2 (stinging pain) Wahlberg 1984a
o of
human 5 min Derm/0C 0.1 mL Wahlberg 1984a gg
=
3 guinea pig 12 h Derm/Oc 465 mg/cm2 (skin damage) ’ Kronevi et al. 1977 o | w
2 ja sy N
4 Renal 465 mg/cm
s}
rabbi t 24 h Derm/Oc  0.01 mL Smyth et al. 1969 o
o3
rabbit 10 d Derm/Oc 0.1 mL (irritation) Wahlberg 1984b 53
1x/d w0

INTERMEDIATE EXPOSURE
Systemic

human 15 d Derm/Oc 0.1 ML Wahlberg 1984b
1x/d

ﬁLOAEL - Lowest Observed Adverse Effect Level
NOAEL - No Observed Adverse Effect Level
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Renal Effects. No studies were |ocated regarding renal effects in
hunmans fol |l owi ng dermal exposure to 1,1, 2-trichl oroethane

The renal effects of dermally applied 1,1, 2-trichloroethane in aninmals
were exam ned in one study. No histopathol ogi cal changes were found in the
ki dneys of guinea pigs 2, 6, or 12 hours after dermal application of 1,1, 2-
trichl oroethane at 465 ng/cnf (Kronevi et al.nmg/cnfl1977). The NOAEL of 465 is
presented in Table 2-3 and plotted in Figure 2-3.

Dermal / Ccul ar Effects. The effect of 1,1,2-trichloroethane on the
human skin was the subject of several reports. A hunman subject given 5
m nute dermal exposure to 1,1, 2-trichloroethane under occlusion at 698
my/cnf (1.5 nL on 3.1 cnf of the forearm reported stinging and burning
sensations and di spl ayed transi ent whitening of the skin (Wahl berg 1984a).
A small, inmrediate increase in blood flow was neasured by | aser Doppl er
flowretry, but no visible erythema was present. The acute human LOAEL was
taken to be 698 ng/cnf 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 chenicals,
whi ch woul d usually evaporate fromthe skin's surface. In an open test on
the same subject, in which 0.1 nL of 1,1,2-trichl oroethane was applied to
the skin without a cover disc, there was no effect on blood flow and no
vi si bl e erythema was found (Wahl berg 1984a). A volunteer given daily open
application of 0.1 nL of 1,1,2-trichloroethane for 15 days did not have any
vi sible skin reactions, nor was there any increase in skin-fold thickness,
whi ch was neasured using calipers (Wahl berg 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 limted to the 3.1 cnf of
the cover disc, so they are not plotted in Figure 2-3.

The dermal effects of 1,1,2-trichloroethane have al so been studied in
animals. Dernal application of 1,1,2-trichloroethane at 465 ng/cnf produced
pyknotic nuclei in epidermal cells within 15 minutes in guinea pigs (Kronevi
et al. 1977). As the duration of exposure increased, danage progressed to
vesicle formation and separation of skin layers (Kronevi et al. 1977). A
LOAEL of 465 ng/cnf for acute dernmal effects in guinea pigs is reported in
Table 2-3 and plotted in Figure 2-3. Rabbits given a single application of
0.01 nmL of 1,1,2-trichloroethane had no effects other than slight capillary
congestion (Snyth 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) conpared the dermal irritancy of chlorinated aliphatic
solvents in rabbits and determ ned that 1,1, 2-trichl oroethane was a severe
skin irritant conpared to other conpounds 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 nL for 10 days increased skin-fold thickness
170% i n guinea pigs and 218% in rabbits (Wahl berg 1984b). Al aninmals in
this study di splayed marked erythema and edenma, and fissuring and scaling
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were al so 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 corneal necrosis in rabbits (Smyth et al. 1969). It was
classified as a slight eye irritant by Duprat et al. (1976), who found
noderate catarrhal conjunctivitis and epithelial abrasion follow ng
application in rabbits. Neither study reported the dose of 1,1, 2-
trichl oroet hane applied, so neither was used as the basis for a | evel of
signi ficant exposure.

2.2.3.3 Immunol ogi cal Effects

No studies were | ocated regarding inmunol ogi cal effects in humans or
animals followi ng dermal exposure to 1,1, 2-trichloroethane.

2.2.3.4 Neurological Effects

No studies were | ocated regardi ng neurol ogical effects in humans
followi ng dermal exposure to 1,1, 2-trichloroethane.

One study of neurological effects in animals was | ocated. No
hi st opat hol ogi cal changes were found in the brains of guinea pigs 2, 6, or
12 hours after dermal application of 1,1,2-trichloroethane at 465 ng/cnf
(Kronevi et al. 1977). A NOAEL was not derived fromthis study because

tests of nervous system function were not included, and histopathol ogy al one
may not be an adequate endpoint to assess neurotoxicity.

2.2.3.5 Devel opnental Effects

No studies were | ocated regardi ng devel opnental effects in humans or
animal s followi ng dermal exposure to 1,1, 2-trichl oroethane.

2.2.3.6 Reproductive Effects

No studies were |ocated regarding reproductive effects in humans or
animals follow ng dermal exposure to 1,1, 2-trichloroethane.

2.2.3.7 CGenotoxic Effects

No studies were |ocated regardi ng genotoxic effects in humans or
animals followi ng dermal exposure to 1,1, 2-trichloroethane.

2.2.3.8 Cancer

No studies were |ocated regardi ng cancer in humans or animals follow ng
dermal exposure to 1,1, 2-trichl oroethane
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2.3 RELEVANCE TO PUBLI C HEALTH

O her than studies on dernmal irritation, no studies were |ocated
regarding health effects in hunmans foll ow ng i nhalation, oral, or dernal
exposure to 1,1,2-trichloroethane; therefore, all inplications for public
health are derived from ani mal studi es.

Lethality. 1,1,2-Trichl oroethane produced nortality in aninmals by al
routes of exposure tested, including inhalation, oral, dermal,
i ntraperitoneal injection, and subcutaneous injection. Death was produced
inrats, nmce, guinea pigs, rabbits, and dogs, although not every species
was tested by every route of exposure.

There is sone evidence that mce were nore susceptible than rats to
1,1,2-trichloroet hane-induced nortality follow ng acute inhalation, oral and
i ntraperitoneal exposure. Inhalation LC, values for rats and mice were
1654 and 416 ppm respectively, in two studies done in the sanme |aboratory
(Bonnet et al. 1980, G adiski et al. 1978). Oral LD, values for rats and
m ce were 837 ng/ kg (adm ni stered by gavage undil uted) and 378 ny/ kg
(admi ni stered by gavage as an aqueous enul sion), respectively, but only
studies by different groups of investigators were avail able for conparison
(Smyth et al. 1969, Wiite et al. 1985). Rat and nouse intraperitoneal LD,
val ues were 938 and 505 ngy/ kg, respectively, in tw tests perfornmed by the
same investigators (Kl aassen and Plaa 1966, 1969). In each of these cases,
nmce proved to be nore susceptible to death produced by 1,1, 2-
trichloroethane than rats. However, the maxi numtol erated oral dose was
hi gher in mice (300 ng/kg/day) than rats (70 ng/kg/day) in a 6-week study in
which 1,1, 2-trichl oroethane was admi ni stered by gavage in corn oil (NCl
1978). Differences in duration of exposure, vehicle, and strain of aninal
used may account for the discrepancy between this study and the others.

Met abolismof 1,1,2-trichloroethane occurs at a faster rate in mce than in
rats (Mtoma et al. 1985), and it is possible that greater anounts of
reactive netabolites in mce are responsible for the species difference in
susceptibility to this chem cal

In addition, there nay be sex differences in sensitivity to 1,1, 2-
trichl oroethane. This conpound was nore toxic to male mce (LD, = 378
ng/ kg) than fermale mce (LD, = 491 ng/kg) followi ng acute ora
adm nistration (Wite et al. 1985). However, survival was reduced in fenale
nm ce given chronic oral administration of 1,1,2-trichloroethane, but not in
mal es (NCI 1978). No sex difference was noted in LD,, val ues determ ned
after intraperitoneal administration in a different strain of mce (Kl aassen
and Pl aa 1969).

Level s of 1,1, 2-trichloroethane that produce nortality have been
identified in a nunber 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 | evel at which this conmpound mi ght produce death in humans.
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Hepatic Effects. 1,1, 2-Trichloroethane had adverse effects on the
livers of rats, nice, guinea pigs, and dogs when adnministered orally or by
i nhal ati on. These effects included necrosis, elevated SGPT and SGOT | evel s,
and reduced liver glycogen content (Gehring 1968, Tyson et al. 1983, Wite
et al. 1985, Wight and Schaffer 1932). Intraperitoneal studies in these
sanme four species revealed sinilar hepatic effects, including centrilobular
necrosis, elevated SGPT | evels, increased serum ornithine carbanyl
transferase activity, and fatty changes (Kl aassen and Pl aa 1966, Kl aassen
and Pl aa 1967a, Traiger and Plaa 1974, Divincenzo and Krasavage 1974, Harns
et al. 1976, MacDonald et al. 1982). 1,1, 2-Trichloroethane was al so 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
Wiite et al. (1985), who reported that fermal e mce exposed to 384 ng/kg/ day
in the drinking water for 90 days had significantly el evated SGPT |evels,
but mal es exposed to 304 ny/kg/day did not. These investigators also found
that liver glutathi one decreased in nales and increased in females.
Al'though there is no information available to suggest that 1,1, 2-
trichloroethane is a liver toxin in humans, it is considered a potenti al
human hepat ot oxi n because experinents in animals indicate hepatotoxic
potential in all species tested.

One nechani smthat has been proposed to explain the hepatotoxicity of
1,1,2-trichloroethane is the generation of free radical internmediates from
reactive netabolites of 1,1,2-trichloroethane (acyl chlorides). Free
radicals nmay stinulate |ipid peroxidation which, in turn, may induce |iver
injury (Al bano et al. 1985). However, Kl aassen and Plaa (1969) found no
evi dence of lipid peroxidation in rats given near-|ethal doses of 1,1, 2-
trichl oroethane by intraperitoneal injection. Takano and M yazaki (1982)
determined that 1,1,2-trichloroethane inhibits intracellular respiration by
bl ocki ng the electron transport system fromreduced nicotinam de adeni ne
di nucl eoti de (NADH) to coenzyne Q (CoQ, which would deprive the cell of
energy required to phosphoryl ate adenosi ne di phosphate (ADP) and thereby
| ead to depletion of energy stores.

Renal Effects. There was only one reliable report of kidney danmmge
followi ng oral exposure to 1,1, 2trichloroethane. Wight and Schaffer
(1932) found cloudy swelling and congestion in the kidneys of treated dogs.
No ki dney pat hol ogy 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 foll owi ng inhal ati on exposure
in rats [Dow Chenical Co. (cited in Torkel son and Rowe 1981)].

Renal effects in mce and dogs given intraperitoneal or subcutaneous
injections of 1,1,2-trichloroethane were studied in a series of experinents
by Pl aa and co-workers. Al though no gross effects were visible, tubular
Il esions with necrosis were seen mcroscopically in the cortex of the kidneys
of mce injected subcutaneously with 173 ng/kg 1,1, 2-trichl oroethane (Pl aa
et al. 1958). The ED,, for necrosis, swelling of the kidney, and renal
dysfunction in mce, as indicated by increased protein and glucose in the
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urine, was 216 ng/ kg by intraperitoneal injection (Plaa and Larson 1965).

Kl aassen and Pl aa (1966, 1967a) found necrosis and reduced ability to
excrete intravenously-adm nistered PSP (phenol sul fonphthalein) in the

ki dneys of male mice and dogs given 1,1,2-trichloroethane intraperitoneally.
Femal e mice did not show this effect, even at |ethal doses (Klaassen and
Plaa 1967b). This evidence strongly suggests a sex difference in
susceptibility to the renal effects of 1,1,2-trichloroethane in mce, but
the reason for this difference is not known.

There is good evidence that 1,1,2-trichl oroethane is nephrotoxic when
parenterally adm nistered in mce and dogs. There is al so sone evidence for
ki dney effects in animals follow ng inhalation and oral exposure. These
results suggest that 1,1,2-trichloroethane may be nephrotoxic in humans.

| munol ogi cal Effects. A detailed study of the effects of 1,1, 2-
trichl oroethane on the inmune system was perforned by Sanders et al. (1985).
They reported that significant effects on nouse i mune function were found
at doses as low as 44 to 46 ng/kg/day in a 90-day study. Hunoral i mmune
function, functional activity of the fixed nmacrophages of the
reticul oendot helial system and macrophage phagocytic activity were all
affected (although the latter two were only altered in high-dose mce).
These data suggest that 1,1,2-trichloroethane may interfere with inmune
function in animals. It is possible that these effects could al so be
produced in humans exposed to 1,1, 2-trichl oroethane, although there are no
data currently available indicating i mune systemeffects in humans.

There was a distinct sex difference in i mune response to 1,1, 2-
trichl oroethane exposure in mce. Sone effects, such as reduced spl een
| ymphocyte response to |ipopol ysaccharide and increased vascul ar cl earance
by the fixed macrophages of the reticul oendothelial system were found only
in females. Ot hers, such as depressed ability to phagocytize sheep red
bl ood cells, occurred only in nmales. The reason for these differences is
not known and their significance for human health is unclear.

Neur ol ogi cal Effects. Anesthesia has been produced in aninmals by ora
i ntake, inhalation, and intraperitoneal injection of 1,1,2-trichloroethane.
This effect has been studied in both mce and dogs. The ED,, for notor
impairnment in mce reported by Borzelleca (1983) was approximately one third
the LD, value for nmice reported by Wite et al. (1985). At an inhalation
concentration of 3750 ppm the ET,, (tine required to produce anesthesia in
one-half of the treated aninmals) was 18 mnutes, which is nmuch | ess than the
LT,, of 10 hours in this study (CGehring 1968). The occurrence of anesthetic
effects at doses well bel ow 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) followi ng inhalation exposure in mce. Thamet al. (1984) found that
i ntravenous infusion of 28 ng/kg 1,1, 2-trichloroethane had a depressive
effect on the vestibul o-ocul onbtor reflex in rats. Taste aversion, which
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represents a conditioned avoi dance response, was another neurol ogi cal effect
produced by 1,1, 2-trichloroethane. Kallmn et al. (1983) suggest that taste
aversion may be sensitive to the acute health effects of 1,1, 2-
trichloroethane, but that it nay not be useful in assessing del ayed or

cumul ative toxicity. No data on neurol ogical effects of 1,1, 2-
trichloroethane in humans were | ocated, but the evidence in aninmals suggests
th?} this conmpound may have central nervous depressant effects in humans as
wel | .

CGenotoxic Effects. Data on the genotoxic effects of 1,1, 2-
trichloroethane are presented in Tables 2-4 and 2-5. In vitro nmutagenicity
assays were negative in Salnonella typhinmuriumand positive in Saccharonvces
cerevisiae. A cell transformation assay perforned in the absence of
activation on nouse BALB/c-3T3 cells was negative. Atest of DNA repair in
cultured rat hepatocytes was positive, but one in npbuse hepatocytes was not
(WIlliams 1983). Adduct formation with calf thymus DNA occurred in vitro at
a significant rate (D Renzo et al. 1982a). DNA adduct formation in vivo
occurred to a greater extent in nouse 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
i nci dence of hepatocellular carcinomas was increased in mce, 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 nouse
(Borzell eca 1983). Although there are negative as well as positive results,
it is evident that this conpound does have sone 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. Anong aninmals, 1,1,2-trichloroethane was carcinogenic in
B6C3F, m ce, but not Gsbourne-Mendel rats. In a gavage study by NC (1978),

t hi s compound produced significant increases in the incidence of hepato-

cel lul ar carcinomas and adrenal pheochronocytonmas in nice. Based on

this study, Gold et al. (1987) cal culated the carcinogenic potency (TD50) of
1,1,2-trichloroethane in mce to be 47.6 ng/kg/day, which is sinmlar to the
val ue for chlorof ormand about one third the value for carbon tetrachloride.
No increase in the incidence of neoplasnms was observed in rats under the
condi tions of the NCI bioassay. Carcinogenicity in rats was al so studied by
Norpoth et al. (1988), who found that subcutaneous injection of 15.4 or 46.8

pnol of 1,1,2-trichloroethane in DMSO once a week for 2 years had no effect
on the incidence of benign nesenchynmal and epithelial tunors in Sprague-
Dawl ey rats. The incidence of sarcomas (nostly localized on the
extremties) increased with dose in both sexes and was significantly

el evated in high-dose rats conpared to untreated controls. However, the

| ack of any sarcomas in the untreated controls was unusual for this strain,
and when conpared to the spontaneous incidence of sarconas reported in the
literature, this effect was no longer significant. In addition, sarconma

i nci dence was not el evated when conpared to vehicle controls. Fromthe



TABLE 2-4. Genotoxicity of 1,1,2-Trichloroethane In Vitro

Result
(Activation)
Endpoint Species/Test System With Without References
Gene mutation Salmonella typhimurium - - Simmon et al. 1977
Rannug et al. 1978
Barber and Donish 1982
Mitoma et al. 1984 o
Zeiger et al. 1988 ’
o]
Gene conversion Saccharomyces cerevisiae + + Bronzetti et al. 1987 &
r
Hoo
Cell transformation mouse BALB/c-3T3 cells NT - Tu et al. 1985 = o
1
e
DNA repair mouse hepatocytes NA - Williams 1983 2
Q
-3
rat hepatocytes NA + Williams 1983 @
DNA adduct formation calf thymus NA + DiRenzo et al. 1982 i

NT = Not tested
NA = Not applicable
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Table 2-5. Genotoxicity of 1,1,2-Trichloroethane In Vivo

Endpoint Species Result Reference
(Test System)

DNA adduct formation mouse liver + Mazzullo et al. 1986
rat liver + Mazzullo et al. 1986
Inhibition of DNA mouse testis + Borzelleca 1983

synthesis
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limted evidence in mce, 1,1,2-trichloroethane has been classified in
G oup C as "a possible carcinogen' (EPA 1988a).

The mechanismof 1,1, 2-trichloroethane carcinogenicity in nmce is not
known. Metabolism of this conpound involves formation of acyl chlorides and
free radicals, which may play a role in cancer formation. Al though 1,1, 2-
trichl oroet hane has not been shown to be carcinogenic in rats, a study of
cancer initiation and pronotion in this species was |ocated. Story et al.
(1986) gave a single oral dose of 1,1,2-trichloroethane at 69 ng/kg in corn
oil torats and followed this treatnent with 8 weeks adm ni stration of
phenobarbital, a promoter of hepatocellular carcinomas. Using liver foci
with altered enzyne |l evels as pre-neoplastic markers, they found no evidence
that 1,1,2-trichloroethane acted as an initiator. The reciprocal
experinment, using diethylnitrosanmine (DEN) as the initiator and 1,1, 2-
trichl oroethane as the possible pronmoter, gave simlar results whether or
not DEN initiation was given. In either case, there was a large increase in
the total nunber of liver foci. However, when exam ned nore closely, it was
found that these increases occurred solely in the nunber of Type Il foci,
whi ch do not appear to be preneoplastic. Therefore, no evidence of cancer
pronotion by 1,1,2-trichl oroethane was found in this study.

2.4 LEVELS I N HUMAN Tl SSUES AND FLUI DS ASSCCI ATED W TH 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 I N THE ENVI RONMENT ASSOCI ATED W TH LEVELS | N HUVAN Tl SSUES
AND/ OR HEALTH EFFECTS

The levels of 1,1,2-trichloroethane were studied in 230 personal air
sanpl es, 170 drinki ng water sanples, 66 breath sanples and 16 food sanpl es
from9 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 anmounts
were found in the environnment, or in the exhaled breath of the people.
Specifically, the personal air concentrations of 1,1,2-trichloroethane were
bel ow the detection limt in 151/161 sanples, 7 contained trace |levels, and
the others had a very |ow rmedi an val ue of 0.35 pg/ni (0.063 ppb). Breath

sanpl es were negative in 44/49 sanples, value of 0.2 pg/ni (0.036 ppb).
and the others had a very | ow nedi an

The | evel s of hal ogenat ed organi c conpounds were studied in the Ruhr
regi on of West Gernmany from 1976-1978 (Bauer 1981a,b). The concentration of
1,1,2-trichloroethane in the Rhine river at this tine averaged 0.2 pg/L
(ppb), and the concentration in the drinking water in 100 German cities had
a maxi mumof 5.8 pg/L (ppb). Air concentrations rarely were over 1 ug/m
(0.18 ppb) and 1,1, 2-trichl oroethane was not detected in the foods or
cosnetic products available locally. The average concentrations in hunmans
tissues studied in 15 people who were exposed primarily via the air (94% of
t he exposure) were 6 pg/ kg in adrenal capsul e adi pose tissue, 14 ug/kg in
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subder mal adi pose tissue, 2 pg/kg in the lungs, 3 pg/kg in the liver, and 17

ug/ kg in the nuscle tissue. This study does not establish Ievels in human
ti ssue associated with health effects.

2.6 TOXI COKI NETI CS
2.6.1 Absorption
2.6.1.1 Inhal ation Exposure

Studies in humans indicate that 1,1, 2-trichl oroethane is absorbed
rapidly after inhalation exposure (Mdrgan et al, 1970, 1972). A vol unteer
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. Mre than 90% of the adm ni stered dose was
retained in the body after 50 nminutes. These data indicate that 1,1, 2-
trichl oroet hane was extensively absorbed into the bl oodstream

The only data on absorption of 1,1, 2-trichloroethane follow ng
i nhal ati on exposure in animals conmes fromthe assunption that an
adm ni stered chem cal has been absorbed by the body if it can be shown to
af fect physiol ogi cal processes. 1,1,2-Trichl oroethane has been shown to
af fect the exhalation of acetone in rats (Filser et al. 1982), so it can be
assunmed that the 1,1, 2-trichl oroethane was absor bed.

2.6.1.2 Oral Exposure

No studies were | ocated regardi ng absorption in humans followi ng ora
exposure to 1,1,2-trichl oroethane. The only data available in aninmals
showed that oral doses near the MID (maxi mumtol erated dose) in mce (300
ng/ kg) or rats (70 ng/ kg) were 81% netabolized, indicating that at | east
this amount was absorbed (Mtoma et al. 1985). This suggests that 1,1, 2-
trichloroethane, |ike other structurally related hal ocarbons, is well
abFFrbed fromthe gastrointestinal tract of aninmals, and probably hunmans as
wel | .

2.6.1.3 Dernal Exposure

No studies were |ocated regardi ng absorption in humans foll owi ng derna
exposure to 1,1,2-trichl oroethane. Two studies in aninmals indicate that
1,1,2-trichloroethane is easily absorbed through the skin. In the guinea
pi g, blood concentration of 1,1,2-trichloroethane peaked at ~3.7 nug/nL
within a half-hour following 1,1,2-trichloroethane application to the skin
(Jakobson et al. 1977). Follow ng the peak, the blood | evel declined to
=2.5 pg/L at 1 hour, renmained at this level until =4 hours, and then rose to
=3.7 pg/L at 6 hours. The authors suggested that this conplex dernal
absorption of 1,1,2-trichloroethane may be due to an initial increased
barrier function of the skin after 1. hour, which | ed to decreased
absorption. Subsequent absorption during the next few hours may represent
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an overcomng of the barrier. In mce, 15 mnutes after application of 0.5
m 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 nnol es/nin/cnf of skin. The rapid absorption through the skin may
wel |l be due to the highly |ipid soluble character of 1,1,2-trichloroethane
(Kronevi et al. 1977).

2.6.2 Distribution
2.6.2.1 Inhal ati on Exposure

No studies were |ocated regarding distribution in hunans foll ow ng
i nhal ation of 1,1,2-trichloroethane. After an inhalation exposure of 1000
ppm for 1 hour, 1,1,2-trichloroethane was distributed in mce organs in the

followi ng manner: approxinately 600 ug/g in fats, 80 ug/g in the kidney and

liver, 45-60 pg/g in the blood and brain, and 20-35 ug/g in the heart,

spl een and | ung (Takahara 1986a). Examination of partition coefficients
showed that 1,1,2-trichloroethane had a noderate degree of lipid solubility
conpared to ot her hydrocarbons, but was still quite |lipid soluble (Gargas et
al. 1989, Inbriani et al. 1985, Mrgan et al. 1972, Sato and Nakajinma 1979).
This indicates that 1,1,2-trichloroethane could be easily distributed and
retained in fat, liver, and brain in both aninmls and humans.

2.6.2.2 Oral Exposure

No studies were |ocated regarding distribution in humans or aninals
followi ng oral exposure to 1,1, 2-trichloroethane. One study showed t hat
1,1,2-trichloroethane was distributed to the liver foll owing oral exposure
inanimls (Mtoma et al. 1985). In this study, 1,1,2-trichloroethane was
extensively netabolized (presumably by the liver), and was also found to
bi nd hepatic protein. It I1s likely that 1,1,2-trichloroethane is al so
distributed to the liver in humans.

2.6.2.3 Dernal Exposure

No studies were |located regarding distribution in humans or aninals
foll owi ng dermal exposure to 1,1, 2-trichloroethane.

2.6.3 Metabolism

No studies were |ocated regarding netabolismin humans foll ow ng
exposure to 1,1, 2-trichl oroet hane

The primary netabolites identified by high-performance liquid
chromat ography in rats and nmice given 1,1, 2-trichl oroethane by gavage were
chl oroacetic acid, S-carboxymethylcysteine, and thiodiacetic acid (Mtoma et
al. 1985). An earlier study reported these three conmpounds to be the
primary nmetabolites of 1,1,2-trichloroethane follow ng intraperitnea
injection (Yllner 1971). S-carboxynethycysteine and thiodiacetic acid are
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f
(Yl'l'ner 1971). Chloroacetic acid is fornmed by hepatic cytochrone P-450
(I'vanetich and Van Den Honert 1981). This reaction is thought to proceed
via the acyl chloride. Cytochronme P-450 can al so produce free radicals from
1,1,2-trichloroethane (Mazzullo et al. 1986). These proposed pat hways are
shown in Figure 2-4. Acyl chlorides and free radicals are reactive

met abolites that can bind to proteins and nucleic acids, and are suspected
of being cytotoxic, nutagenic, and carginogenic (lvanetich and Van Den
Honert 1981, Mazzullo et al. 1986). O her netabolites, found only in trace
anmounts in nmice and rats follow ng exposure to 1,1, 2-trichl oroethane,

i ncluded trichloroacetic acid and trichl oroethanol (lkeda and Chtsuji 1972,
Takahara 1986b, Yllner 1971). It is not clear how these conpounds were
fornmed; it was suggested by Yllner (1971) that they m ght be derived from
inmpurities in the 1,1, 2-trichl oroethane sanpl es used.

ormed from1,1,2-trichloroethane follow ng conjugation w th gl utathione
I
[

Al 't hough percent of the orally-adm ni stered dose netabolized was
identical inrats and mce (81%, the actual anpbunt of 1,1,2-trichloroethane
nmet abol i zed was nuch higher in nmce (Mtom et al. 1985). The chenical was
given to each species at the MID, which was 4.3 tines greater in mce; mce
experienced a higher body burden than rats, but were able to nmetabolize the
sane percentage of it. The inherent ability of mce to netabolize 1,1, 2-
trichloroethane at a higher rate than rats nay 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
nmet abol i smin hunmans conpares to that in mce and rats. Metabolismin
humans is likely to be qualitatively simlar to that in animls, however.

2.6.4 Excretion
2.6.4.1 Inhal ati on Exposure

The excretion rate of inhaled 1,1,2-trichloroethane in humans was
nmeasured 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 sl ope of
the retention curve was 0.006. The excretion rate in the urine was |ess
than 0.0 % nmi n of administered radioactivity. Fromthese data, the half-
life for urinary excretion was estimated to be about 70 m nutes.

The half-life follow ng |-hour inhalation exposure to 1005 ppm of
1,1,2-trichloroethane in mce was determned to be 625 minutes in the heart,
203 minutes in the fat, 147 minutes in the brain, 127 mnutes in the spl een,
122 minutes in the lungs, 43 mnutes in the kidney, 39 mnutes in the blood,
and 19 minutes in the liver (Takahara 1986a). The half-life in the whole
body was cal cul ated to be 49.3 minutes. The presence of 1,1, 2-
trichloroethane in tissue sanples was determ ned by gas chromat ography,
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2.6.4.2 Oral Exposure

No studies were |ocated regardi ng excretion in humans foll ow ng oral
exposure to 1,1, 2-trichl oroet hane

The excretion routes were shown to be simlar in rats and nice,
regardl ess of whether the chemical was given orally (Mtoma et al. 1985) or
intraperitoneally (Yllner et al. 1971). Follow ng a dose of radi ol abel ed
conpound, about 7-10% of 1,1, 2-trichloroethane was exhal ed unchanged in the
breath, 3-7% was exhaled as C0,, 72% 87% was found as netabolites in the
urine, about 1%was in the feces, and |-3%renained in the carcasses of rats
and nmice after 48 hours. The excretion fromhumans is also likely to be
primarily via nmetabolites in the urine.

2.6.4.3 Dermal Exposure

No studies were |ocated regardi ng excretion in hunmans or animals
foll owi ng dermal exposure to 1,1, 2-trichloroethane.

2.7 I NTERACTI ONS W TH OTHER CHEM CALS

Pol ybr om nat ed bi phenyls (PBBs) were shown to increase the rena

toxicity of 1,1,2-trichloroethane as nmeasured by decreases in pani nohi ppurate
accunul ation in renal cortical slices (Klune et al. 1978).

PBBs are known to increase the activities of microsomal m xed-function
oxygenases in the kidney and liver, so increased netabolismof 1,1, 2-
trichloroethane and the increased presence of netabolites nore toxic than

t he parent conpound itself may be responsible for the increased toxicity of
1,1,2-trichloroethane in the kidney. However, the study al so showed that

PBBs did not increase the hepatotoxic effects of 1,1,2-trichloroethane, as

i ndicated by relative liver weight or SGOT |evels.

Phenobarbital, another m crosomal enzyne 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).

Qui nea pigs treated with pentobarbital as an anesthetic follow ng dernal
application of 1,1,2-trichl oroethane were shown to have reduced gl ycogen

| evel s and hydropic changes in the liver (Kronevi et al. 1977). Liver
effects were not found in anesthetized "control” animals or aninmals that
were treated with 1,1, 2-trichl oroethane, 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 | ack of
untreated controls makes this claimdifficult to evaluate, however
Potentiation is usually seen only after pretreatnment with the inducer, since
time is required for enzyne induction. It may be that dermal absorption of
1,1, 2-trichloroet hane was sl ow enough, conpared 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 | evel s. Acetone
al so potentiated the 1,1, 2-trichloroethane-induced el evation of SGT in mce
(Traiger and Plaa 1974).

Pretreatment with isopropyl al cohol (Traiger and Plaa 1974) or ethano
(Kl aassen and Plaa 1966) potentiated the 1,1, 2-trichloroethane-induced
el evation of SGPT activity in mce. Pretreatnent with ethanol did not alter
BSP retention (Kl aassen and Pl aa 1966).

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

2.8 POPULATI ONS THAT ARE UNUSUALLY SUSCEPTI BLE

Persons with di abetes (Hanasono et al. 1975), or with prior exposure to
PBBs ( pol ybrom nated bi phenyls) (Kluwe et al. 1978), or with prior exposure
to isopropyl or ethyl alcohol or acetone (Traiger and Plaa 1974) may be nore
susceptible to the hepatotoxic effects of 1,1,2-trichloroethane. Prior
exposure to other enzyne-inducing drugs or chenicals could potentially have
the sane effect.

2.9 ADEQUACY OF THE DATABASE

Section 104(i)(5) of CERCLA, directs the Admi nistrator of ATSDR (in
consultation with the Adm nistrator of EPA and agenci es and prograns of the
Public Health Service) to assess whether adequate information on the health
effects of DCE is avail abl e. Were adequate information is not avail abl e,
ATSDR, in cooperation with the National Toxicology Program (NTP), is
required to assure the initiation of a programof research designed to
determ ne these health effects (and techni ques for devel opi ng nethods to
determ ne such health effects). The follow ng di scussion highlights the
availability, or absence, of exposure and toxicity information applicable to
human heal th assessnent. A statement of the rel evance of identified data
needs is also included. In a separate effort, ATSDR, in collaboration with
NTPfandEPA, will prioritize data needs across chenicals that have been
profil ed.

2.9.1 Existing Information on Health Effects of Trichl oroethane

Exi sting studies on the health effects of 1,1,2-trichloroethane are
shown in Figure 2-5. Alnost no data exist for the health effects of this
compound i n humans; a single study on the derrmal 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 aninals have been fairly
wel I studied. A nunber of inhalation studies investigated lethality in rats
and mce, and several made LC, determ nations. The system c effects that
have been studied followi ng inhalation exposure are |iver and ki dney
effects. Liver effects were investigated in several studies that neasured
serum transam nase | evel s and ot her bi ochemi cal endpoints; only one
unpubl i shed study included histopathol ogi cal exam nation of the liver. The
sane study included histopathol ogi cal exam nation of the kidney. This

study was also the only one in which aninmals were repeatedly exposed to
1,1,2-trichloroethane vapor; all other studies by this route were single
exposure tests. Neurological effects follow ng inhalation were studied by
behavi oral observations in rats and nmice and tests of neurol ogical function
in mce.

Fol | owi ng oral exposure, lethality in rats, mce, and dogs has been
reported. LD,,values were calculated for the first tw species. Systemc
effects were studied in rats, mce, and dogs using bi ochem cal and
hi st opat hol ogi cal neasures. Moyst studies were of single exposures, but
there was one study of internediate duration (which did not include
hi st opat hol ogi cal exam nation) and one of chronic duration (which included
only hi stopathol ogi c exam nation). |mmnol ogical effects were reported in a
study that included tests of hunoral and cell-nmediated i mune functi on.
Neur ol ogi cal effects were studi ed by behavioral observation and, in | ongerterm
studi es, exami nation of tissues. Devel opnental toxicity was the
subj ect of one study that did not include exam nation of fetuses for
mal formati ons. Data on reproductive effects cone fromthis study and
| onger-term studi es that exani ned reproductive tissues, but did not perform
tests of reproductive function. Carcinogenicity was studied in one 78-week
bi oassay in rats and mce and one 2-year study in rats that was not,
however, performed by a rel evant route of exposure.

There is one study of lethality in guinea pigs follow ng dernma
exposure to 1,1, 2-trichl oroethane. There are al so several studies of skin
and eye irritation in dernally-exposed animals. One poorly-desi gned study
i nvestigated the effect of dermally applied 1,1, 2-trichloroethane on liver,
ki dney, and bri an hi st opat hol ogy.

2.9.2 Data Needs

Si ngl e Dose Exposure. Tests of the acute toxicity of 1,1, 2-
trichl oroethane administered orally and by inhal ati on have provi ded
information on 1,1, 2-trichl oroethane exposure | evels that produce liver and
ki dney danage, neurol ogical effects, and death in animls. Several of these
studi es included anal yses for subtle liver effects, but few included
hi st opat hol ogi cal exam nations. Mre studies which carefully exam ne liver
and other tissues histologically and | ook for subtle effects on other organs
may be beneficial. They m ght provide information on nechani snms by which
1,1,2-trichloroethane produces lethality and neurol ogical effects and
provide further informati on on other toxic effects. Know edge of mechani sns
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is helpful to understanding the health effects of a chem cal. Dernma

studies of 1,1,2-trichloroethane have provided infornmati on on exposure

| evel s that produce skin irritation in humans and animals and death in

ani mals. One poorly-designed study attenpted to investigate systenic
effects in dermally exposed animals. A study of systenmic toxicity follow ng
dermal application of 1,1,2-trichloroethane night provide useful

i nformation.

Repeat ed Dose Exposure. Only one study exam ned the health effects of 14-
and 90-day ingestion of 1,1,2-trichloroethane in drinking water of
animals, and it did not include histopathol ogical exaninations. A
subchronic oral study with conplete histol ogi cal exam nation would be
useful . Repeated dose exposure by inhalation was exam ned only in an
unpubl i shed report that could not be obtained for review A published
report of this study or a replacenment woul d provide useful information.
Repeat ed 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 nmeani ngful information.

Chroni ¢ Exposure and Carcinogenicity. A 78-week bioassay on orally
adm nistered 1,1, 2-trichloroethane was performed in rats and mce by the
National Cancer Institute. 1,1,2-Trichl oroethane was found to be cancerous
in mce, but not rats. The 78-week dosing period is no | onger considered
adequate for rats. Current studies of this type use exposure durations of
approxi mately 2 years. A 2-year study was conducted by Norpoth et al.
(1988), but exposure was by subcutaneous injection, which is not a rel evant
route. Two-year studies by the oral and inhalation routes on rats and nice
usi ng several doses, exam ning endpoints of henatol ogy, clinical chemistry,
urinalysis, and perform ng mcroscopic exanination of tissues may provide
val uabl e dose-response data and identify nore subtle indicators of toxicity.
Studies of chronic toxicity and carcinogenicity do not exist for other
routes of exposure.

Genotoxicity. The avail abl e genotoxicity studies indicate that 1,1, 2-
trichloroethane is not nmutagenic in bacteria, but may interact with
manmel i an DNA in vivo. Chronosomal aberration and mcronucl eus tests on
1,1,2-trichloroethane were not |ocated. Additional genotoxicity tests would
help to determ ne whether 1,1,2-trichloroethane is genotoxic in humans.

Reproductive Toxicity. Several studies included exam nation of
reproductive organs and tissues followi ng exposure to 1,1, 2-trichl oroethane,
but found no effects. One study designed to | ook at devel opnental toxicity
reported no effect on reproductive endpoints. Studies in which aninmals
exposed to 1,1, 2-trichloroethane are mated and their offspring observed
woul d provide nore information regarding the reproductive toxicity of 1,1, 2-
trichl or oet hane.
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Devel opnental Toxicity. A study on the devel opnental toxicity of
1,1,2-trichloroethane in mce found no effect, but it did not include
exam nation of the fetuses for mal formations. A conplete teratol ogy study
in two species would provide better information on the devel opnent al
toxicity of 1,1,2-trichloroethane in animals and help to determ ne whet her
Lt is possible that 1,1,2-trichloroethane has devel opnental effects in

umans.

| munot oxi city. The immnol ogi cal effects of 1,1, 2-trichloroethane
have been studied foll ow ng 14-day and 90-day oral exposure. Several
nmeasures of both hunoral and cell-nediated i nmune response were investigated
in this study, and sone positive results were found. The fact that effects
were found in some tests, but not others intended to neasure the sane
response, indicates that nore studies of this type could provide worthwhile
information. In addition, imune responses were different in nmale and
femal e mice, and investigation of these differences m ght provide neani ngful
information. No studies were |ocated regardi ng dernmal sensitization by
1,1, 2-trichl oroet hane.

Neurotoxicity. Studies of 1,1,2-trichloroethane in aninals have
provi ded i nformati on on the neurol ogi cal effects produced by acute exposure
to 1,1,2-trichloroethane, and the I evels 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. Additiona
neur obehavi oral tests may reveal still nore sensitive neurol ogi c endpoints
or provide support for use of taste aversion as an indicator of neurologic
ef fects. Repeated exposure studies involved exam nation of neurol ogica
organs and tissues, but no tests of neurological function. Reliable studies
of neurotoxicity by dermal exposure do not exist.

Epi deni ol ogi cal and Human Dosi netry Studies. No human studi es 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-
trichl oroet hane can have effects on the nervous system inmune system and
liver and ki dney function, and can be lethal. It is also carcinogenic in
m ce. These effects may al so occur in humans, if they are exposed to appropriate
| evels of 1,1,2-trichloroethane. Epideni ol ogical and human dosi netry studi es ni ght
reveal whether humans are indeed susceptible to adverse health effects due to
exposure to 1,1, 2-trichl oroet hane

Bi omarkers of Disease. No studies were |ocated that identified
bi omarkers specific for 1,1,2-trichloroethane-induced di sease states. If
epi dem ol ogi cal studies are perforned that associate effects with exposure,
it may be possible to identify alterations in blood chem stry indices or
ot her pathol ogi cal endpoints that would be useful to identify the disease
state. Bionmarkers for diagnosis of target organ toxicity (e.g., SGOT for
i ver damage) can provide useful information in conjunction with specific
know edge of 1,1,2-trichl oroet hane exposure,
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Di sease Registries. Currently, no human di sease states are associ ated
with exposure to 1,1,2-trichloroethane. If future studies identify
particul ar di seases produced by 1,1,2-trichloroethane, it nay be possible to
determ ne the nunmber of people affected and the factors associated with the
devel opment of the disease, such as involvenment of populations in certain
occupations or living in certain areas.

Bi oavai lability from Environnental Media. Since 1,1,2-trichloroethane is
expected to exist in the atnbsphere as the vapor rather than adsorb toparticul ate
matter, there would not be a conpeting adsorption that would inpede its
bi oavailability via the lungs. Linmted data showi ng the presence of 1,1, 2-
trichloroethane in adi pose and other tissue of exposed subjects indicate that
1,1,2-trichloroethane is taken up via the lungs, G tract or both. A pilot study
denmonstrated that simlar |ow nolecular weight chlorinated al kanes are found in
human milk (Pellizzari et al. 1982). The source of these pollutants was probably
anbient air, and this is the nost probable route of intake for the genera
popul ati on.

Food Chai n Bi oaccunul ation. 1,1, 2-Trichl oroethane has not been
reported in food or biota, nor were any studies |located in which the |levels
of this chemical in plants or aninmals were reported. The bi oaccunmul ati on
potential for a chem cal is nost conveniently studied by neasuring the
bi oconcentration factor (BCF) or the concentration of a chemical in fish
di vided by the concentration in water fromwhich the chemical is taken up
The BCF of 1,1,2-trichloroethane in fish is reported to be <10 (Kawasak
1980), indicating a very |low potential for bioaccunulation in the food
chain. Experinental verification of the lack of food chain bioaccumul ation
is not available. Such information can be obtained by studying the
accunul ation of 1,1,2-trichloroethane in organisns fromdifferent trophic
| evel s that have been exposed to the chem cal

Absorption, Distribution, Metabolism Excretion. Little information is
avai l abl e regardi ng the toxicokinetics of 1,1,2-trichloroethane in humans or
animals. Information on absorption in humans cones froma brief study using two
volunteers; the only information fromaninals is inferred fromthe fact that
adm nistration of 1,1,2-trichloroethane via the inhalation or oral routes causes
toxic effects. Aninmal studies which specifically test the anount and rate of
absorption of 1,1,2-trichloroethane would provide information as to how nuch
1,1,2-trichl oroethane humans might be likely to absorb from various routes of
exposure. For distribution, the only hunman data are fromone briefly reported
study, and the only aninmal data are fromone acute study. Mre extensive and
| onger-term ani mal studies using the inhalation, oral or dermal routes would help
determine 1,1, 2-trichloroethane distribution in the body. For netabolism nore
ani mal studies would be hel pful in, showi ng what kind of netabolites m ght be
expected to be found in the blood or urine of humans; if these could be neasured,
they m ght give an indication of amobunt of exposure to 1,1, 2-trichloroethane.
Addi tional metabolismstudies may al so reveal nore
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definitive informati on on nechanfsns of 1,1,2-trichloroethane toxicity and
carcinogenicity. Data on excretion are fairly conplete.

Conparati ve Toxi cokinetics. No studies were |ocated which conpared
human and ani mal toxi cokinetics. Two conparative toxicokinetics studies
were perforned which exam ned the differences between rats and mice in the
types of netabolites forned, and the excretion rates fromvarious routes.
Al t hough percent of adm nistered dose netabolized was simlar in both
speci es, the overall rate of netabolismof 1,1,2-trichloroethane was greater
inmce (Mtona et al. 1985). The sane netabolites were forned in the sane
proportions in both species. The difference in netabolic 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-goi ng studies were |ocated regarding health effects or

t oxi cokinetics in humans or aninmals foll owi ng exposure to 1,1, 2-
trichl oroet hane.
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3. CHEM CAL AND PHYSI CAL | NFORNMATI ON
3.1 CHEM CAL | DENTITY

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

3.2 PHYSI CAL AND CHEM CAL PROPERTI ES

The physical and chemnical properties of 1,1,2-trichloroethane are
presented in Table 3-2.
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3. CHEMICAL AND PHYSICAL INFORMATION

TABLE 3-1. Chemical Identity of 1,1,1-Trichloroethane

Value Reference
Chemical Name 1,1,2-Trichloroethane CAS 1988
Synonyms Ethane trichloride; CAS 1988; SANSS 1988

B-Trichloroethane;
Vinyl trichloride;
1,2,2-Trichloroethane

Trade Name(s) B-T; Cement T-339 SANSS 1988
Chemical Formula CoH3Cl3 CAS 1988
Chemical Structure Cl H
| |
Cl—C—C—Cl
|
H H

Identification Numbers:

CAS Registry ' 79-00-5 CAS 1988
NIOSH RTECS KJ2975000 NILM 1988

EPA Hazardous Waste U227 NIM 1988
OHM/TADS 8100016 OHMTADS 1988
DOT/UN/NA/IMCO Shipping None

HSDB 1412 NLM 1988

NCI C04579 RTECS 1988

CAS = Chemical Abstracts Services

NIOSH = National Institute for Occupational Safety and Health

RTECS = Registry of Toxic Effects of Chemical Substances

OHM/TADS = 0il and Hazardous Materials/Technical Assistance Data System

DOT/UN/NA/IMCO = Department of Transportation/United Nations/North America/
International Maritime Dangerous Goods Code

NIMS = National Library of Medicine

HSDB = Hazardous Substance Data Bank

NCI = National Cancer Institute

SANSS = Structure and Nomenclature Search System
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CHEMICAL AND PHYSICAL INFORMATION

TABLE 3-2. Physical and Chemical Properties of 1,1,2-Trichloroethane

Property

Value

Reference

Molecular weight
Color
Physical state
Freezing point
Boiling point
Density, 20°C
20°C
20°C
Odor
Odor threshold
Water
Air

Solubility
Water

Organic solvents

Partition coefficients
Log octanol/water

Log Koc
Vapor pressure

Henry's Law constant

Autolgnition temperature

133.41
Colorless
Liquid
-36.53°C
113.85°C
1.43931

1.4416
1.443

Sweet

4400 mg/L (20°C)
Miscible with ethers,
alcohols, esters, and
ketones

2.42

1.06-2.498 (estimated)
22.49 mm Hg (25°C)
9.1x10-% atm/m3-mol
(25°C); 1.12x10-3
atm/m3-mol (30°C)P

460°C

Riddick et al. 1986
Hawley 1981

Hawley 1981

Riddick et al. 1986
Riddick et al. 1986
Riddick et al. 1986
Merck 1983
Torkelson and Rowe

1981

Hawley 1981

Riddick et al. 1986

Hawley 1981

Isnard and Lambert
1988

Sabljic 1987
Riddick et al. 1986

Ashworth et al. 1988

Parrish 1983
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TABLE 3-2 (continued)

Property Value Reference

Flash point None Hawley 1981

Flammability limits 8.4-13.3% (by volume) Moolenaar and Olson
1989

Conversion factors
ppm (V/v) to mg/m3

in_air (20°C) 1 ppm (v/v) = 5.55 = mg/m3
mg/m3 to ppm (v/v)
in air (20°C) 1 mg/m> = 0.18 ppm (v/v)

80rganic matter partition function.
First value obtained using equilibrium partitioning in closed systems
technique and second by the batch air-stripping method.
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4 . PRODUCTI ON, | MPORT, USE, AND DI SPOSAL
4.1 PRODUCTI ON

1,1,2-Trichloroethane is produced by Dow Chenical U S. A in Freeport,
TX and by Ain Corporation in Seward, IL (SRl 1988). No production figures
are available. It is produced in the US. fromethylene. In one nethod of
preparation, ethylene is chlorinated to give 1,2-dichloroethane, which is
then reacted with chlorine to give 1,1, 2-trichl oroethane (Archer 1979). A
second nmethod 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-

Di chl or oet hane and hi gher chlorinated ethanes are also forned in this
process. 1,1,2-Trichloroethane is also produced as a coproduct in the
thermal chlorination of |,l-dichloroethane to produce |,l,l-trichloroethane,
especially when the reaction is carried out in the Iiquid phase (Archer
1979) .

The only information pertaining to the anount of 1,1, 2-trichloroethane
produced dates back to 1979, when it was estimated that approxinmately 412
mllion pounds were produced (Thomas et al. 1982). This figure is the
gquantity of 1,1,2-trichloroethane required for nmaxi mrum potential production
of |,1-dichloroethene (vinylidene chloride) and nay be an overestimate
because |,1-di chl oroet hene can al so be produced froml,Il,l-trichloroethane
(Thomas et al. 1982). The exact quantity manufactured is proprietary
i nformati on of Dow Chem cal Corporation, who was the sole producer of 1,1, 2-
trichloroethane at that tine. Mst of the chem cal was captively consuned
as a precursor for 1,1-dichloroethene, however according to a spokesperson
fromDow a quantitity said to be in the '"lowmllions of pounds' is used
annually in other industries (Thomas et al. 1982). It is not known whether
the consunption of 1,1,2-trichloroethane has changed appreciably since 1979.

1,1,2-Trichloroethane is sonetimes present as an inpurity in conmerci al
sanples of |,l,I-trichloroethane and trichl oroethyl ene (Henschler et al.
1980; Tsuruta et al. 1983). 1,1, 2-Trichloroethane has been shown to be
formed during the anaerobi c biodegradati on of 1,1, 2,2-tetrachl oroethane;
anaerobi ¢ conditions may occur in groundwater or in landfills (Bouwer and
McCarty 1983; Hallen et al. 1986).

4.2 | MPORT

Data pertaining to the inport of 1,1,2-trichloroethane were not | ocated
in the available literature.

4.3 USE

The principal use of 1,1,2-trichloroethane is as a chem ca
intermediate in the production of |,l-dichloroethene (Archer 1979). There
is no informati on avail able on the uses of the "low mllions of pounds' that
were said to have been sold to other industries by Dow Cheni cal
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1,1,2-Trichloroethane finds Iinited use as a solvent where its high sol vency
i s needed, such as for chlorinated rubbers (Archer 1979). It may be used as
a solvent for fats, oils, waxes, and resins (Haw ey 1981). Sone 1,1, 2-
trichloroethane was sold for use in consuner products (Thonas et al. 1982).
There was no indication in the literature as to what these products were.
Mool enaar and O son (1989), in a witten comunication as spokesnmen for the
Dow Chem cal Company, a major producer of 1,1,2-trichloroethane, however,
stated that they are not aware of any consuner uses and that the Dow

Chem cal Conpany screens potential custonmers to deternine howthey intend to
use it.

4.4 DI SPCSAL

1,1, 2-Trichl oroet hane has been di sposed of by adsorption on a suitable
sorbent such as vermculite, dry sand, or earth and placenent in a secure
landfill (NLM 1988). This nethod is not recommended, however (NLM 1988),
al though no alternative nmethod was di scussed in the available literature.
The met hod of disposal recomrended for nost chlorinated solvents is
i nci neration.

4.5 ADEQUACY OF THE DATABASE
4.5.1 Data Needs

Data on current production and use of 1,1,2-trichloroethane are
conmpl etely inadequate. Information is especially needed on the comrerci al
uses of 1,1,2-trichl oroethane and what types of consuner products, if any,
contain this chenmical. This information is essential for estimating
exposure to 1,1, 2-trichl oroethane and for determ ning which groups in the
popul ati on are occupationally or generally exposed. According to the
Emer gency Pl anning and Community Right to Know Act of 1986 (EPCRTKA),
(8313), (Pub. L. 99-499, Title Ill, 8313), industries are required to submt
rel ease information to the EPA. The Toxic Rel ease Inventory (TRI), which
contains release information for 1987, becane available in May of 1989.
Thi s database will be updated yearly and should provide a nore reliable
estimate of industrial production and em ssion.
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5.1 OVERVI EW

1,1,2-Trichloroethane is predonmi nantly a man-nmade chem cal whose
presence in the environnent results from anthropogenic activity. This
chem cal has al so been identified as an internmediate in the bi odegradation
of 1,1,2,2-tetrachl oroethane, another man-nmade chemical. It is made
commercially by the chlorination of ethylene with chlorine or by the
oxychlorination of ethylene with HO and oxygen. It is primarily used as a
captive internediate in the manufacture of 1, 1-dichl oroethene (vinylidene
chloride), but may al so be used as a solvent, especially in chlorinated
rubber manufacture. Production and use information are proprietary, however
effluent nonitoring data indicate that high I evels (>100 ppb) of discharge
are associated with laundries, and the organic chenicals and nmechanica
products industries (Table 5-1). The naximumlevels in these waste-waters
were 109-250 ppb. Gaseous rel eases include vent gas and fugitive
em ssions fromthe production and use of 1,1,2-trichloroethane as well as
vol atilization fromwastewater and nunicipal treatnment 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
Dat abase 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, 10-30%to land, and a few percent to
water. No use with significant consurmer, and general popul ation 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 | ow
soi | adsorption coefficient), and to partially volatilize. In groundwater,
it will be subject to anaerobic biodegradation, however no information
concerning reaction rates is avail able. Biodegradation is expected to occur
in sedinment and | andfills when anaerobic conditions are present. The
mechani sm for bi odegradation is reductive dehal ogenation, which |leads to the
formati on of vinyl chloride, a human carci nogen (USDHHS 1985). Fromthe
limted data avail abl e, bi odegradati on 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 node
river). Adsorption to sedinment, bioconcentration in aquatic organisns,
aer obi ¢ bi odegradati on, and hydrol ysis are thought to be negligible by
conmparison. In the atnosphere, the dom nant renpval process is expected to
be oxi dation by photochemi cally-generated hydroxyl radicals, which proceeds
by H atom abstraction (estimated half-1ife 49 days). The radical so
produced subsequently reacts with atnospheric oxygen and ot her atnospheric
speci es. Renoval fromthe atnmosphere is also thought to occur from washout
by precipitation; however, nost of the 1,1, 2-trichloroethane renoved by this
process is expected to reenter the atnosphere by volatilization. Because
oxi dation in the atnosphere is slow, considerable dispersion of
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TABLE 5-1. Sources of 1,1,2-Trichloroethane Effluents?

Concentration (ppb)
Industry Frequency Maximum  Medium Low
Timber products 1 18.46 18.46 18.46
Organics and plastics 1 7.12 7.12 7.12
Inorganic chemicals 2 6.00 4.00 2.01
Plastics and synthetics 2 31.85 3.65 0.26
Auto and other laundries 1 108.99 108.99 108.99
Organic chemicals 1 203.77 203.77  203.77
Mechanical products 4 249.52 45.74 1.33
Transportation equipment 3 75.33 66.34 24 .53
Synfuels 1 2.43 2.43 2.43
Publicly owned treatment works 4 15.22 1.20 0.42

4pischarges to water
Source: Shackelford et al. 1983
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1,1,2-trichloroethane fromsource areas woul d be expected to occur. Thus,
it is conceivable that 1,1, 2-trichloroethane could be transported from ot her
countries where it may be nore wi dely used.

The general popul ation may be exposed to | ow | evel s of 1,1, 2-
trichl oroet hane through inhalation of contaninated anbient air. Linmted
nmoni tori ng data suggest that roughly one-quarter to one-half of the urban
popul ati on may be so exposed. Were 1,1,2-trichloroethane is found, |evels
appear to be about 10-50 ppt. Results froma nationwi de nonitoring study
of groundwat er supplies show that exposure to 1,1, 2-trichloroethane from
contam nat ed drinking water appears to be unconmon (Westrick et al. 1984).
However, in a New Jersey survey, 6.7%of the wells contained detectable
levels of 1,1,2-trichloroethane; the npbst polluted wells being associ at ed
wi th urban |l and use (Page 1981; Greenberg et al. 1982). It is difficult to
assess occupati onal exposure because data on current production and use are
unavai l abl e. A National Cccupational Exposure Survey (NOES) by the Nationa
Institute of Occupational Safety and Health (NI OSH) through May 1988,
estimates that 1,036 enpl oyees are potentially exposed to 1,1, 2-
trichloroethane in the United States. Cccupational exposure will be
primarily via inhalation.

5.2 RELEASES TO THE ENVI RONVENT
5.2.1 Air

1,1,2-Trichloroethane is emtted in vent gas when produced by the
oxychl orination of ethylene dichloride (Liepins et al. 1977). Environnental
rel eases of 1,1,2-trichloroethane froml,|-dichloroethene manufacture are
smal | ; an EPA study found no 1,1, 2-trichloroethane in process vent gas
(Thomas et al. 1982). 1,1,2-Trichloroethane is formed in snmall quantities
and may be released in vent gas or fugitive em ssions during the production
of other chlorinated hydrocarbons, for exanple, 1,2-dichloroethane and
I,I,l-trichloroethane (Thomas et al. 1982). Fugitive em ssion fromits use
as a solvent and volatilization fromwastewater constitute the mgjor
environmental release of 1,1,2-trichloroethane. An estimte of the total
rel ease of 1,1,2-trichloroethane was nmade for 1979 by conpari ng ambi ent

levels of |,l,l-trichloroethane and 1,1, 2-trichloroethane in urban air and
rel eases of |,I,l-trichloroethane (Thomas et al. 1982). The annual anpunt
of 1,1,2-trichloroethane rel eased annually was cal cul ated to be 10, 000-
20,000 nmillion tons.

A correlation of data fromthe EPA Air Toxics Em ssion Inventory with
i ndustrial source categories (SIC codes), shows that volatile em ssions of
1,1,2-trichloroethane are associated with plastic materials and resins,
i ndustrial organic chemcals, petroleumrefining, gaskets-packing and
seal i ng devices, plating and polishing, residential lighting fixtures, radio
and TV communi cation equi prent, el ectronic conponents, notor vehicles parts
and accessories, engineering and scientific instrunments, photographic
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equi prrent and supplies (SIC Codes 2821, 2869, 2911, 3293, 3471, 3645, 3662,
3679, 3714, 3811, 3861) (EPA 1987a).

1,1,2-Trichl oroethane was found at hazardous waste sites that are
included in the National Priorities List (NPL). Volatile organic conpound
(VOC) enissions are observed at solid waste landfills (these em ssions are
2.6-tines 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 | andfil
gases from NPL sites.

5.2.2 Water

Wast ewat er streams fromthe production of 1,1,2-trichloroethane by
i qui d- phase chlorination of ethylene dichloride and the oxychlorination of
ethylene dichloride with HJ 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 conprehensive wastewater survey conducted by the Effl uent
Qui delines Division of the EPA shown in Table 5-1. Over 4000 sanpl es of
wast ewat er froma broad range of industrial facilities and publicly-owned
treatnment works were analyzed in this survey. Wile the percentage of
i ndustries in a particular category containing 1,1, 2-trichloroethane or the
vol ume of wastewater generated by them was not indicated, the data suggest
that significant anpbunts of 1,1,2-trichloroethane are released into
wat erways nationwi de (see Table 5-1). Between 1980 and 1988, 707 sanpl es of
wast ewater in EPA's STORET dat abase were anal yzed for 1,1, 2-trichloroethane
(STORET 1988). Ten percent of the sanples contained 10 parts per billion
(ppb) or higher concentrations of 1,1,2-trichloroethane and the maxi num
| evel obtained was 360 ppb. Unfortunately, the detection limt is
apparently recorded when no chemical is detected, so it is inpossible to say
whet her the 90 percentile figure represents positive sanples or nerely
hi gher detection limts. EPA investigated priority pollutants in 40
geographically distributed publicly-owned treatment works (POTW)
representing a variety of municipal treatnent technol ogies, size ranges, and
i ndustrial flow conditions. In this study, 1,1,2-trichloroethane was
detected in 7% of influent sanples, 3% of effluent sanples, and 4% of raw
sl udge sanpl es at maxi num concentrations of 135, 6, and 2100 ppb,
respectively (EPA 1982c).

1,1,2-Trichl oroethane was found at concentrations of 2.1, 26, and 180
ppb in three outfalls fromthe Dow Chenical of Canada plant into the St
Clair River for a net |oading of 3.5 kg/day (King and Sherbin 1986).
Puddl es contai ni ng chl ori nated hydrocarbons had been di scovered on the
bottomof the St. Cair R ver, which received these effluents (King and
Sherbin 1986; Kai ser and Conba 1986). These chemicals are thought to be
products or byproducts of chlorinated hydrocarbons nanufactured at this
site. Waste fromthis operation is now being incinerated but was
historically landfilled. Landfill |eachate fromthe landfill is treated
wi th carbon and then discharged into a ditch leading to the St. dair River
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The concentration of 1,1,2-trichl oroethane before and after treatnent was
1,300 and 1,800 ppb. However the carbon filter was reportedly spent at the
time of the survey.

1,1,2-Trichl oroet hane was detected in two sanples at 2-3 ppb from
Eugene, OR in the National Uban Runoff Program in which 86 sanpl es of
runoff from 19 cities throughout the U S. were analyzed (Cole et al. 1984).
Runof f water from NPL hazardous waste sites containing 1,1, 2-trichl oroethane
m ght be contam nated with this pollutant. No nonitoring studies of runoff
water fromwastes sites was found in the available literature

5.2.3 Soi

No i nformation 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 chemcal may be |andfilled (Jackson et al. 1984).
In an experinent designed to simulate the anaerobic conditions for
bi odegradation in landfills, 1,1,2-trichloroethane was found to be a
bi odegradati on product of 1,1, 2,2-tetrachloroethane (Hallen et al. 1986).
Therefore 1,1,2.-trichloroethane may be produced in landfills or other
anaerobi ¢ environnments (e.g. groundwater) that have been contam nated with
1,1, 2, 2-tetrachl or oet hane.

5. 3 ENVI RONMENTAL FATE
5.3.1 Transport and Partitioning

Based on a neasured Henry's Law Constant of 9.1x10* atm mi- nol
(Ashworth et al. 1988), the volatilization half-life of 1,1, 2-
trichloroethane in a nodel river 1 mdeep flowing 1 niset with a wind of 3
mset is estimated to be 4.5 hr, with resistance in the liquid phase
primarily controlling volatilization (Thomas 1982). The half-life in a | ake
or pond would be rmuch longer. The half-life of 1,1,2-trichloroethane in the
| ower Rhine river was 1.9 days (Zoetenan et al. 1980). This determ nation
was based on nonitoring data and river flow data. This half-life was
ascribed to volatilization. In wastewater treatnent plants that receive
refractory volatile compounds such as 1,1,2-trichloroethane fromindustria
di scharges or other sources, stripping will be an inportant nechani smfor
transferring the chenmical fromthe 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 nmuch greater and
liquid/gas mass transfer greatly enhanced. In 5 pilot scale treatnent
plants, 98 - >99% of 1,1, 2-trichloroethane was renoved by this process (EPA
1981). In view of its noderately high vapor pressure and | ow adsorptivity
to soil, 1,1,2-trichloroethane is expected to volatilize rapidly from soi
surfaces. In one experinment in which 1,1,2-trichloroethane was applied to a
columm of sandy soil with a very |ow organi c carbon content, volatilization
and ;eaching were equal ly inportant transport processes (Thomas et al
1982).
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The adsorption based on organic carbon, K, of 1,1,2-trichloroethane
on a sandy forest soil (low organic carbon content and cati on exchange
capacity, CEC), an agricultural soil, and a forest soil (pH Ilower than the
agricultural soil) was 60.0, 63.7, and 108, respectively (Seip et al. 1986).
In soil colunm experinents with these soils, the 1,1, 2-trichl oroethane noved
t hrough the sandy forest soil alnost at the sanme 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
t hrough 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-
trichl oroethane woul d not adsorb appreciably to soil, sedinent, and
suspended solids in the water columm and woul d be expected to readily |each
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 |ower
orga?ic carbon content than that used in the first study (WIlson et al.
1981).

The bi oconcentration factors for 1,1,2-trichloroethane reported in the
literature are <10 (Kawasaki 1980) and 17 (lsnard and Lanmbert 1988).
Therefore it would not be expected to bioconcentrate in fish to any great
ext ent.

5.3.2 Transformati on and Degradati on
5.3.2.1 Air

In the atnosphere, 1,1,2-trichloroethane will be degraded by reaction
wi t h phot ochemi cal | y-produced hydroxyl radicals. The reaction proceeds hy
Hatom abstraction to yield water and the corresponding CHC , radical
The rate of this reaction is 3.28x10 " cc/ ol ecul es-set whi ch woul d gi ve
rise to a half-life of 49 days, assunming an average hydroxyl radical
concentration of 5x10° radicals/cc (Jeong et al. 1984).

5.3.2.2 Water

1,1, 2-Trichl oroet hane undergoes both a pH i ndependent and a basecatal yzed
hyrol ysis at environnmental pH s. The neutral hydrol ysis process is a substitution
reaction leading to the formati on of an al cohol, while the base-catal yzed reaction
is an elimnation reaction giving rise to |I,|dichloroethene and HO (Mabey et al.
1983; Vogel et al. 1987). 1In the case of 1,1,2-trichloroethane, the base-
catal yzed rate is 5.9x10° I/nDI-set at 25°C and i s dom nant above pH 5.4; the
neutral rate is only 9x10-8 sec™
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 degradati on was obtained in seawater, (pH

7.4-7.7) in 14 days at a tenperature of |l-12°C (Jensen and Rosenberg 1975).



67
5. POTENTI AL FOR HUVMAN EXPOSURE

1,1, 2-Trichl oroet hane showed no bi odegradation in both a 24-day
nodi fi ed shake flask test and a river die-away test (Midder and Misternan
1982). In two other biodegradabati on screening tests, one investigator
reported no degradation and the other slow degradation after a |ong
acclimation period (Kawasaki 1980; Tabak et al. 1981). However the unknot
extent to which volatilization contributed to | osses in the second study
makes the results suspect.

Under anaerobic conditions, 1,1,2-trichloroethane is reported to
undergo dehal ogenation. In order to establish whether this is a
bi ol ogically nediated reaction and not sinply an abiotic reaction catal yzed
by free iron or iron porphyrin at |ow redox potential, Dow Chemi cal
conducted 28-day studies in sterile solutions (Klecka and Gonsior 1983).
They found that ppm concentrations of 1,1,2-trichloroethane did not undergo
nonenzymati ¢ dehal ogenation in a sterile, anaerobic solution at pH 7 or when
a sulfide redox buffer or hematin was added (Kl ecka and Gonsi or 1983).

5.3.2.3 Soi

The only study |ocated regarding the degradation of 1,1,2-trichloro-

ethane in soil involved subsurface sanples taken fromthe margin of a
fl oodpl ai n near Lula, Cklahoma (WIson et al. 1983). These sanpl es were
obt ai ned both above the water table of a shallow aquifer and in the
unconsol idated material in the saturated zone. A portion of the soil was
sterilized and slurries were made and test chenical added. Mani pul ations
made with sanples fromthe saturated zone were carried out under nitrogen
After 16 weeks of incubation, no degradation of 1,1,2-trichloroethan was
observed in the sanples from above or below the water table. These results
are in conflict with other studies (Wlson et al. 1983). It has been
suggested that the tinme frame for the experinment may have been insufficient
for resident microorgani sns to have becone acclimated to the chenica
(Newsom 1985) .

In an attenpt to sinulate the anaerobic conditions for biodegradation
in landfills, experiments were perforned under anoxic conditions using
i nocul a from anaerobic digester units of wastewater treatnent facilities
that were not acclimated to industrial solvents. After 1 week of incubation

with 10 pug/L of 1,1,2-trichloroethane, 0.44 ug/g of vinyl chloride was
formed, the highest |evel observed fromany of the chlorinated ethanes or
et henes studied (Hallen et al. 1986). In further experinents when the

concentration of inoculumwas increased, 4.3 and 5.8 ug/g of vinyl chloride
was fornmed after 1 and 2 weeks, respectively. The degradation reactions
observed not only include reductive dehal ogenation but the transformation of
chlorinated ethanes into ethenes. It is interesting to note that autoclaved
controls for a 1,1, 2-trichl oroet hane anaerobi ¢ bi odegradati on experi ment
yielded I,I,-dichloroethene (Mlton et al. 1987). The formati on of

I, dichloroethene indicates that the conversion of 1,1,2-trichloroethane is
nonbi ol ogi cal
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5.4 LEVELS MONI TORED COR ESTI MATED | N THE ENVI RONMENT
5.4.1 Air

Two air sanples fromrural Okl ahoma and air sanples fromrural areas of
the Pacific Northwest did not contain 1,1, 2-trichl oroethane (Brodzinsky and
Singh 1982; Ginsrud and Rasmussen 1975). Wiile both inland and nearshore
rural sites near San Francisco averaged 14 parts per trillion (ppt) of
1,1,2-trichl oroethane, 95% of inland sites and 46% of nearshore sites
contained |l evel s above the 6 ppt detection limt (Singh et al. 1977). In
930 urban/suburban sites in the U S. the 25th, 50th, 75th percentile and
maxi mum concentration of 1,1,2-trichloroethane was 0, 9.1, 22, and 11, 000
ppt, respectively (Brodzi nsky and Singh 1982). Oher studies that include
13 major U S. cities, report average air concentrations of 1,1, 2-
trichl oroethane 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 Canden, Elizabeth, and Newark, NJ were

noni tored during the sunmer of 1981. O the 111 sanpl es neasured, 27%
contained a detectable quantity of the pollutant, with a detection Iinit of
5 PPt. The following winter, 41% of the sanples fromthese cities contai ned
1,1,2-trichl oroethane. The geonetric mean concentrations ranged from 20-50
ppt for the winter nmeasurenments. This was significantly higher than the 10
ppt val ue obtai ned the previous sumer (Harkov et al. 1987). The nedi an
concentration of 1,1,2-trichloroethane in 97 sanples obtained from source-
rel ated areas throughout the U S. was 45 ppt. O these sanples, 25%
exceeded 210 ppt and a maxi mum concentration was 2,300 ppt was measured in
Dom nguez, CA (Brodzinsky and Singh 1982). The data conpil ed by Brodzi nsky
and Singh (1982) has been reviewed and nost of it is of good quality. Mre
dat a have now been added to this National Anmbient Volatile O ganic Conpounds
Dat abase bringing the nunber of monitoring data points to 886 (Shah and
Heyerdahl 1988). According to this database, the nedian concentration of
1,1,2-trichloroethane in rural, suburban, and urban areas was 0 ppt; at
source-dom nated sites the median 1,1,2-trichloroethane concentrati on was 2
PPt. The limted nonitoring data suggest that roughly one-quarter to one-
hal f of the urban popul ation may be exposed to the conpound in air. Were
1,1,2-trichloroethane is found, nost |evels range froml| 0-50 ppt.

The only data on levels of 1,1,2-trichloroethane nmeasured in indoor air
were contained in a study of eight honmes in Knoxville, TN obtained during
the winter (Gupta et al. 1984). Eleven of sixteen sanples contained 1,1, 2-

trichl oroethane with a mean [SD] concentration of 14.1 [7.8] ng/m (2.5
[1.4] ppb), however sanples taken outside the homes did not contain
detectable I evels of the chemical. Sources of the 1,1, 2-trichloroethane

i nside the honmes nmay be building materials or solvent-containing products.

Traces to 0.32 ppb of 1,1,2-trichloroethane in air sanples were found
in Iberville Parish, Louisianna, where many organi ¢c chem cal and producer,
user, and storage facilities are |ocated along the M ssissippi River
(Pellizarri 1982).
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5.4.2 \Water

1,1, 2-Trichl oroet hane was not detected in conposite sanples of the
wat er supplies of Phil adel phia, PA and Huntington, W, both of which are
derived fromsurface sources (Dreisch et al. 1980). The levels in finished
water froma New Ol eans, LA water supply ranged fromO0.1 to 8.5 ppb (EPA
1980). In a I0-city EPA survey conducted in 1975, 1,1, 2-trichl oroethane
was only detected in the water supply of Mam, FL, which obtains its water
froma groundwat er source (EPA 1975). The | evel of contam nation was not
determ ned. The maxi mum concentration of 1,1,2-trichloroethane detected in
a survey of community and noncomunity water supplies from groundwater
sources and private wells in Suffolk County, NY, was 13 ppb (Zaki et al.
1986). 1,1, 2-Trichl oroethane 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 sanples tested (Rogers et al. 1987). In a U S.
Groundwat er Supply survey, none of the 945 groundwat er supply sources tested
contained 1,1,2-trichloroethane at a quantitation limt of 0.5 ppb (Wstrick
et al. 1984). 1,1,2-Trichloroethane was found in 6 of the 1174 conmmunity
wells and 19 of the 617 private wells in a Wsconsin survey conducted in the
early 1980s (Krill and Sonzogni 1986). All wells contained |ess than the
recomended health advisory level of 6.1 ppb. Representative sanpl es of
ground and surface water were analyzed fromthe state of New Jersey during
1977-1979 (Page 1981). These sanples were collected fromevery county, from
urban, suburban, and rural areas, and from areas of every |land use comon in
the state. Seventy-two of the 1069 groundwater sanples (6.7% and 53 of the
603 surface water sanples (8.7% contained detectable levels of 1,1, 2-
trichloroethane with concentrations as high as 31.1 and 18.7 ppb bei ng found
for ground and surface water, respectively. Sonme of the nost polluted wells
wer e under urban | and use areas (Page 1981, G eenberg et al. 1982). G ound
water near landfill sites in Mnnesota and Wsconsin contained up to 31 ppb
of 1,1,2-trichloroethane (Sabel and Cd ark 1984).

O 7 sanples fromtwo Chio River tributaries, 3 were positive for
1,1,2-trichloroethane (0.6 ppb maxi mun). However, only 4% of the sanples
fromthe Ohio mainstream were positive and the conpound was not found in 88
additional stations (Chio River Valley Sanitation Comm ssion 1980). One
nmeasurenent of 1,1,2-trichloroethane in marine water was found, 153 ppt off
t he shore at Point Reyes, CA (Singh et al. 1977).

Bet ween 1980 and 1988, 3255 sanples of surface water in EPA's STORET
dat abase were anal yzed for 1,1, 2-trichloroethane (STORET 1988). Ten percent
of the sanples contained the chenical at 10 parts per billion (ppb) or
hi gher. A maxi mnum | evel of 18,000 ppb was reported in 1982. The maxi mum
concentration of 1,1,2-trichloroethane reported for subsequent years ranged
from10 to 125 ppb. O the 22,615 sanples of groundkater in the database,
10% wer e above 3 ppb. The maxi num concentration of 1,1,2-trichloroethane in
a groundwat er was 350,000 ppb, reported in 1985. For the other years, the
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maxi mum concentration reported ranged from 18 to 1800 ppb. Unfortunately,
the detection limt is apparently recorded in STORET when no chenical is
detected, so it is inpossible to say whether the 90 percentile figure
represents positive sanples or nerely higher detection limts.

5.4.3 Soi

1,1,2-Trichl oroethane was found in 25 of the 418 hazardous waste sites
listed on the National Priorities List of highest priority sites for
possi ble renedial action (Mtre 1987). Additionally, it was found in 3
sites in the Contract Laboratory Statistical Database at nean concentrations
ranging from 12 to 636 ppb (Viar and Conpany 1987).

5.4.4 O her Mdia

1,1,2-Trichl oroethane was detected in 9 of 22 comercial batches of
technical grade I,I,I-trichloroethane supplied by eight different European
manuf acturers and deal ers (Henschler et al. 1980). The concentration in
t hese sanpl es ranged from 300 to 3,015 ppmand the detection limt was 0.5
PPm It was also found in sonme commercially available trichloroethylene in
Japan (Tsuruta et al. 1983).

1,1, 2-Trichl oroet hane was not detected in any of the 46 conposite
sanpl es of human adi pose tissue collected during FY82 as part of the
Nati onal Human Adi pose Tissue Survey (Stanley 1986). The conposite
speci mens represented the nine U S. census divisions stratified by three age
groups (0-14, 15-44, 45 plus). Between July and Decenber 1980, air and
breath from nine New Jersey subjects were nonitored in a pilot study to
nmeasur e personal exposure to volatile organic substances for EPA s Total
Exposure Assessment Met hodol ogy (TEAM Study (Wallace et al. 1984). The
personal air concentrations of 1,1,2-trichloroethane were bel ow the
detection limt in 151 of 161 of the sanples, 7 contained trace |levels of

the chemical and the others ranged from0.14 to 34.70 pg/ni (0.025 to 6.25

ppb), with a nmedian of 0.35 pg/ni (0.063 ppb) (Wallace et al. 1984).
Breath sanples were negative in 44 of 49 sanples and the others ranged from

trace to 5.13 pg/m (0.92 ppb), with a median of 0.2 pg/nm (0,036 ppb). No
1,1,2-trichloroethane was found in the subjects' drinking water at hone.

5.5 GENERAL POPULATI ON AND OCCUPATI ONAL EXPOSURE

A National Cccupational Exposure Survey (NOES) conducted by NI OSH from
1981 to 1983 estimates that 1036 workers, including 15 wonen, are
potentially exposed to 1,1,2-trichloroethane in the United States (N OSH
1988). The estimate is provisional, as all of the data for trade nane
products which may contain 1,1, 2-trichl oroet hane have not been anal yzed.
The NOCES survey was based on field surveys of 4,490 facilities and was
designed as a nationwi de survey based on a statistical sanple of virtually
all workplace environments in the United States where eight or nore persons
are enployed in all SIC codes except mning and agriculture. In the earlier
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NI OSH Nati onal COccupational Hazard Survey, the hi ghest exposures occurred
around bl ast furnaces, in steel rolling mlls and in factories manufacturing
technical instruments (Konietzko 1984).

Consistent with its tendency to partition into air, nost exposures to
1,1,2-trichloroethane are fromair. Linmited nonitoring data suggest that
one-quarter to one-half of the urban popul ati on nay be exposed to the
compound in air. Wiere 1,1,2-trichloroethane is found, |evels appear to be

about |0-50 ppt, for an average daily intake of 1.1-5.5 ug/day. It appears
that the general population is rarely exposed to 1,1,2-trichloroethane in
dri nki ng wat er.

5.6 POPULATI ONS W TH POTENTI ALLY H GH EXPOSURE

I f people use products containing 1,1,2-trichloroethane as a sol vent,
they will be potentially exposed to high |levels of this chenical. Mol enaar
and A son (1989), in a witten comuni cation as spokesnen for the Dow
Chem cal Conpany, however, stated that they are not aware of any consumer
uses and that the Dow Chem cal Conpany screens potential custoners to
determ ne how they intend to use the 1,1, 2-trichl oroethane they purchase
Therefore, the potential for exposure fromuse of consunmer products is
probably | ow

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 nunber of people
may be exposed to high levels of 1,1,2-trichloroethane from contani nated air
or drinking water. In Lake Charles, LA, the median and nmaximum air
concentrations of 1,1,2-trichloroethane were 4.8 and 7.4 ppb (Brodzi nsky and
Singh 1982). This indicates that half of the population of this comunity

have a daily intake of 530 to 820 pg/g, conpared with a nedian intake of 2.6

ug/ g for all the urban/suburban areas of the United States that were
nonitored. Other cities where air concentrations greater than 0.1 ppb were
soneti mes observed were Elizabeth, NJ, Deer Park, TX, Freeport, TX Geismar,
LA, Edison, NJ, and Dom ngues, 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. Fromthe avail able data, it
is apparent that some wells in Suffolk County, NY, New Jersey, and near
landfills in Mnnesota and Wsconsin contain 1,1, 2-trichl oroethane
concentrations as high as 13 to 31 ppb, corresponding to an average daily
intake of 26 to 62 ug/g per day. The available data are insufficient to
estimate the nunber of people that nmay be exposed to high levels of 1,1, 2-
trichl oroet hane.

5.7 ADEQUACY OF THE DATABASE
5.7.1 Data Needs

Physi cal and Chem cal Properties. The physical and chem cal properties of
1,1, 2-trichloroet hane have been adequately characterized (see Table 3.2).
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Envi ronnental Fate. Further investigation would resolve the
di screpancies in the data for anaerobic degradation of 1,1, 2-
trichl oroet hane. Additional studies are needed to characterize the nature
of the transformation and to clarify whether biotic, abiotic, or catal yzed
abiotic reactions are involved. WII these reactions generally occur under
environmental conditions? A determination of the half-life in
representative groundwater and sedi nent-water systens would be useful. From
t he avail abl e evi dence, biodegradation in aerobic systens appears unlikely,
al t hough additional studies, particularly in soil, are desireable and woul d
clarify this point.

Exposure Levels in Environmental Media. The best estimates of exposure are
based on nonitoring data and these data add credence to em ssion and exposure
estimates based on production and use. In the case of 1,1, 2-trichl oroethane,
nonitoring data are fragnentary and not very recent; nobst of the data are fromthe
early 1980s or earlier. Information on production and use, particularly that with
the largest probability for exposure, is not available. Wile 1,1, 2-
trichloroethane may be contained in sone consumer products, the Dow Chemnica
Company is not aware of any consumer uses (Mol enaar and O son 1989).

Exposure Levels in Humans. Estimates of general popul ation and
occupati onal exposure require current nonitoring 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 NCES. If this is the case,
the results of the NOES could be reanalyzed in order to reflect current
occupati onal exposures.

Exposure Registries. Qther than the N OSH survey, no exposure
registries for 1,1,2-trichl oroethane were | ocated. The devel opnent of a
regi stry of exposed persons would provide a useful reference tool in
assessi ng exposure levels and frequency. In addition, a registry would
al | ow an assessnent of the variations In exposure concentrations by, for
exanpl e, geography, season, regulatory actions, presence of hazardous waste
landfills, or manufacturing or use facility. These assessnments, in turn,
woul d provide a better understanding of the needs for sone types of research
or data acquisition based on the current exposure concentrati ons.
Additionally, such a database of exposures would be useful for |inking
exposure to 1,1,2-trichloroethane with specific toxic effects or diseases.

5.7.2 On-going Studies

No i nformation 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
I11), the Environnmental Health Laboratory Sciences Division of the Center
for Environmental Health and Injury Control, Centers for Disease Control,
wi || be anal yzi ng human bl ood sanples for 1,1, 2-trichloroethane and ot her
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vol atil e organic conpounds. These data will give an indication of the
frequency of occurrence and background | evels of these conpounds in the
general population. NTOSH is continuing to revise its estinmtes of
occupati onal exposures in its National Occupational Exposure Survey (NCES)
t hrough the inclusion of trade nanme conpounds. No other on-going studies
regardi ng general or occupational exposure to 1,1, 2-trichloroethane were

| ocated. According to the Energency Planning and Conmunity Right to Know
Act of 1986 (EPCRTKA), (8313), (Pub. L. 99-499, Title IIIl, 8313), industries
are required to submt release infornmation to the EPA. The Toxic Rel ease
Inventory (TRI), which contains release information for 1987, becane
available in May of 1989. This database will be updated yearly and should
provide a nore reliable estimate of industrial production and em ssion,
which will be useful for determ ning potential human exposure.
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6. ANALYTI CAL METHODS
6.1 BI OLOG CAL MATERI ALS

The anal ytical nethods 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 anal yses of this conpound in biologica
mat ri ces. The di scussi on about the methods that may be npbst sensitive for
the determnation of 1,1,2-trichloroethane |evels in environmental sanples
and t he advant ages and di sadvantages of the conmmonly used net hods as given
for environmental sanples are thought to be applicable for biologica
sanpl es because identical quantification nethods are used for both kinds of
sanpl es. Most biol ogi cal sanpl es, however, pose unique problens during
quantification. For exanple, the binding of the analytes to protein in
sanpl es contai ning high protein (e.g., whole blood) may result in reduced
recovery (Cranmer et al. 1988). Both blood and urine are very susceptible to
foam ng, especially at-high tenperatures used during purging (Cranmer et al.
1988; M chael et al. 1980). Poor and variable recovery has al so been
observed for tissue sanples with high lipid content (Mchael et al. 1980).

6. 2 ENVI RONMENTAL SAMPLES

The common net hods used for the determ nation of 1,1,2-trichl oroethane
in environmental sanples are given in Table 6-2. The two comon net hods
that are used for the preconcentration of 1,1,2-trichloroethane for the
determination of its levels in air are adsorption on a sorbent columm or
collection in a cryogenically-cooled trap. The disadvantage with the
cryogenic cooling is that the nmethod is cunbersone and condensati on of
nmoi sture in the air may bl ock the passage of further air flow through the
trap. The di sadvantages with the sorption tubes are that the sorption and
desorption efficiencies my not be 100% and that the background inpurities
in the sorbent tubes may limt detection in sanples containing | ow
concentrations (Cox 1983).

The npst common nethod for the determ nation of 1,1,2-trichl oroethane
levels in water, sedinent, soil, and aquatic species is the purging of the
vapor fromthe sanple or its suspension in water with an inert gas and
trappi ng the desorbed vapors in a sorbent trap. Subsequent therna
desorption is used for the quantification of its concentration.

The two quantification nmethods that provide the | owest detection limts
are halide-specific detection (e.g., Hall electrolytic conductivity
detector) and nmss spectronetry. Since the conpound has three chlorine
atonms, electron capture detection is also very sensitive for this conmpound.
The advantages of halide-specific detectors are that they are not only very
sensitive but are also specific for halide conpounds. The nass
spectrometer, on the other hand, provides an additional confirmation of the
presence of a conpound through the ionization patterns, and is desirable



TABLE 6-1. Analytical Methods for 1,1,2-Trichloroethane in Biological Sampled

Sample Matrix Sample Preparation Analytical Detection Accuracy Reference
Method Limit :
Exhaled air Collected in Tedlar bag, adsorbed Cryofocussing HRGC-MS NG NG Barkley et al. 1980
on Tenax and thermally desorbed
Btood and urine Purge at 50°C, trap in Tenax, Cryofocussing HRGC-MS NG NG Barkley et al. 1980
thermal desorption o
Btood Purge and trap in Tenax, thermally GC-MS NG NG Cramer et al. 1988
desorb ‘ %
>
Urine Equilibriate in sealed vial at HRGC-MS NG NG Ghittori et al. 1987 )
37°C and headspace gas analyzed :j
a =
Human milk Purge at 70°C, trap in Tenax, Cryofocussing HRGC-MS NG NG Pellizzari et al. 1982 >
desorb thermally Michael et al. 1980 r
=
=
3at though the analytical methods given were used for 1,1,1-trichloroethane, these methods should be applicable to st
1,1,2-trichloroethane. 8
7]

NG = Not given; GC = gas chromatography; HRGC = high resolution gas chromatography; MS = mass spectrometry




TABLE 6-2.

Analytical Methods for 1,1,2-Trichloroethane in Environmental Samples

Sample Matrix Sample Preparation Analytical Detection Accuracy Reference
Method Limit
Ambient air Direct injection. Subambient air MG-MS <5 ppt NG Grimsrud and
Rasmussen 1975
Adsorption on Tenax, thermal Subambient HRGC-MS 0.01-0.1 ppb NG Harkov et al. 1985,
desorption into a staintess Kebbekus and
steel cylinder. . Bozzelli 1982
Sample collected in a cryogeni- GC-ECD <0.01 ppb 85-115% Singh et al. 1982
cally cooled trap.
Occupational air Adsorption on charcoal, desorp- GC-FID (NIOSH 0.05 mg/sampte 92.3% NIOSH 1977a,b
tion by CS,. Methods P & CAM 127
and 5134)
Landfill air Adsorption on Tenax, thermal Cryofocussing GC-MC 0.1 ppba NG LaRegina et al.
desorption into a stainless 1986
steel cylinder.
prinking, ground Vacuum distillation with cryo- HRGC-ECD 0.2 ug/L 54% Comba and Kaiser
and surface water genic trapping. 1983
Finished water Purge at ambient temperature, GC-HECD (EPA Method 0.007 ug/L 95% at 0.4 ug/L EPA 1986a
and raw source trap in Tenax/silica/charcoal 502.1)
water and desorb thermatly. ’
Purge at ambient temperature, subambient program- NG NG EPA 1986a
trap in Tenax/silica charcoal, mable GC-MS (EPA desorb thermally.
Method 524.1)
Purge at ambient temperature, Cryofocussing HRGC-MS 0.1 ug/L (wide 104% (wide bore) EPA 1986a
trap in Tenax/silica charcoal, (wide or narrow bore) bore) at 0.5-10.0 pg/L
thermally desorb. (EPA Method 524.2) 0.08 ug/L (narrow 102% (narrow bore)
bore) at 0.5 ug/L
Water/wastewater Purge at ambient temperature, GC-HECD (EPA Method 0.02 ug/L 91% at 0.45-50.0 EPA 1982a

trap in Tenax/silica charcoal,
thermal ly desorb.

601)

‘9
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TABLE 6-2 (continued)

Sample Matrix Sample Preparation Analytical Detection Accuracy Reference
Method Limit
Water/wastewater Purge at ambient temperature, GC-MS (EPA Method 5.0 ug/L 101-104% EPA 1982a
trap in Tenax/silica, thermally 624)
desorb.
Groundwater/ Purge at ambient temperature, GC-MS (EPA-CLP 5 ug/tL NG EPA 1987a
leachate trap in Tenax/silica, desorb Method)
thermally.
Purge at ambient temperature, GC-HECD (EPA Methods 0.2 pg/L 0.86c + 0.30 (where EPA 1982b, 1986b
trap in Tenax/silica/charcoal, 5030 and 8010) : ¢ is the concentra-
desorb thermally. tion
Sediment Closed- loop purging and steam GC-MS 1 ug/L 77-91% Amin and Narang
distitlation, trap in Porapak 1985
N, solvent desorption.
Sediment/fish Vacuwum distillation and cryo- HRGC-MS NG 98% (sediment) Hiatt 1981, 1983
genic condensation. 66% (fish)
Soil/sediment Purge suspension in water at GC-MS (EPA-CLP 5 ug/L NG EPA 1987a
50°C, trap in Tenax/silica, Method)
desorb thermally.
Soil, sludge, Sample dispersed in a glycol, GC-HECD (EPA 0.2 pg/kg (soil) 0.86c + 0.30 EPA 1982b, 1986b

liquid and solid

purge at ambient temperature,
trap in Tenax/silica, desorb
thermal ly.

Method 5030 and
8010)

10 pgs/kg (ligquid
waste)

25 pg/kg (sludge
and solid waste)

9Based on a detection limit equivalent to twice the laboratory and field btank samples.

GC = Gas chromatography; MS = mass spectrometry; NG = not given; HRGC = high resolution gas chromatography; FID = flame
electron capture detector; HECD = Hall electrolytic conductivity detector

detector; ECD =

ionization

9
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when a variety of conmpounds nust be quantified. The inability of halide-
specific detectors to detect and quantify non-hal ogen conpounds can be
greatly overconme 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 colums is a better nethod for volatile
compounds than are packed col ums because they provi de better resol ution of
closely eluting conpounds and increase the sensitivity of detection. In
addi tion, purge and whol e-colum cryotrapping elimnates the need for the
conventional purge-and-trap unit and reduces the tinme of analysis (Pankow
and Rosen 1988). The plugging of the trap by the condensati on of npisture
during cryotrappi ng may be avoi ded by the use of a very w de-bore capillary
col umm, al though the chronmatographic resolution of such a colum is inferior
to narrow bore capillary columms (Pankow and Rosen 1988; Mysesnman et al
1987). Regardl ess of the analytical method used for biological and

envi ronment al sanpl es, precautions should be taken during sanpling,
preservation, and storage of sanples to prevent loss fromvolatilization.

6.3 Adequacy of the Database
6.3.1 Data Needs

Met hods for Determ ning Parent Conpounds and Metabolites in Biologica
Materials. The anal ytical nethods for determning | evels of volatile chlorinated
compounds in biological nmedia are general ones, applicable to the entire class of
chemi cal s. The publications that describe these methods do not report either the
recovery or the detection limt of 1,1,2-trichloroethane in different biological
matrices. The study of the levels of the parent conpound in human bl ood, urine or
ot her biological matrices can be useful in deriving a correlation between the
| evel of this conpound found in the environment and those found in human tissue or
body fluid. Such correlation studies are unavailable for this conpound, although
t he parent conpound has been detected in hunman breath and urine (see Subsection
2.4).

No nmetabolite of 1,1,2-trichloroethane fromhuman exposure to this
compound has yet been identified (see Subsection 2.6.3). The changes in
nmet abolite concentrations with time in human bl ood, urine, or other
appropriate biol ogical mediummmay be useful in estimating its rate of
nmet abol i smin humans. |In sonme instances, a netabolite nmay be useful in
correlating the exposed doses to the hunman body burden. Such studies on the
| evel s of netabolites in human biol ogical matrices are not available for
this compound, although netabolic products of this conpound from ani mal and
in vitro studies have been identified (see Subsection 2.6.3) and anal ytica
nmet hods for their quantification are avail able.

Met hods for Bi omarkers of Exposure. No studies were | ocated that
identified biomarkers specific for 1,1, 2-trichloroethane-induced di sease
states (see Subsection 2.9.2). If a biomarker for this conpound in a hunan
bi ol ogi cal tissue or fluid were available and a correlation were found to
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exi st between the | evel of biomarker and a certain health effect, it could
be used as an indication of a health effect caused by the exposure to this
cheni cal

Met hods for Determ ning Parent Conpounds and Degradation Products in
Envi ronnental Media. As shown in Table 6-2, nmethods are available for the anal ysis
of 1,1,2-trichloroethane in environmental sanples. The |levels of this conpound in
di fferent environnmental nmedia can be used to indicate whether there could be human
exposure to this conmpound through the inhalation of air and ingestion of drinking
wat er and foods containing 1,1,2-trichloroethane. If a correlation with human
tissue or body fluid levels were available, the intake |levels fromdifferent
envi ronmental sources can be used to estinate the body burden of the chemical in
humans.

Al t hough the products of biotic and abiotic processes of this conmpound in
t he environment are adequately known, no systematic study is avail abl e that
measured the concentrations of its reaction products in the environnent. In
i nstances where the product(s) of an environmental reaction is nore toxic than the
parent conpound, it iIs inmportant that the | evel of the reaction products in the
envi ronment be known. It is known that 1,1,2- trichloroethane under anaerobic
conditions (e.g. in anaerobic soils |leading to contam nation to groundwater) may
dehydrochlorinate to vinyl chloride (see Section 5.3), a conmpound nore toxic than
t he parent conmpound. The anal ytical nethods for the determ nation of the |evels of
t hese and ot her environnmental degradation products of 1,1,2-trichloroethane are
avai | abl e.

6. 3.2 Ongoi ng Studies

The Environmental Health Laboratory Sciences Division of the Center for
Envi ronnental Health and Injury Control, Centers for Disease Control, is
devel opi ng nethods for the analysis of 1,1, 2-trichloroethane and ot her
vol atil e organi c conpounds in blood. These met hods use purge and trap
met hodol ogy and nagnetic nass spectronetry which gives detection limts in
the low parts per trillion range
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International, national, and state regul ations and gui delines pertinent
to human exposure to 1,1, 2-trichl oroethane are sumari zed in Table 7-1.

1,1,2-Trichloroethane is regulated by the Clean Water Effl uent
Quidelines for the follow ng industrial point sources: electroplating,
organi ¢ chenicals, steamelectric, asbestos, tinmber products processing,
metal finishing, paving and roofing, paint fornulating, ink fornulating, gum
and €§od, carbon bl ack, and electrical and el ectronic conmponents (EPA
1988b) .
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TABLE 7-1. Regulations and Guidelines Applicable to 1,1,2-Trichloroethaﬁe

Agency Description value Reference
International -
1ARC Cancer Classification 3a 1ARC 1987
National
Regulations
a. Air:
OSHA Permissible Exposure Limit 10 ppm OSHA 1989
- 29 CFR 1910.1000
b. Water:
EPA OWRS Ambient Water Quality Criterion: 45 FR 79318
For consumption of water and EPA 1980
organisms . 0.6 ug/L €11/28/80)
For consumption of organisms only 41.8 ug/L
c. Nonspecific media:
EPA OERR Reportable Quantity 100 Lbs 52 FR 8140
40 CFR 117, 302
(03/16/87)
Guidelines
a. Air:
ACGIH TWA for 8-hr workday 10 ppm ACGIH 1988
Occupational Exposure .
b. Water:
EPA Required Monitoring in Community 52 FR 25715
Water Systems (07/08/87)
40 CFR 141, 142
EPA ODW One Day Heatth Advisory 600 pug/L EPA 1987
Ten Day Health Advisory 400 pg/L EPA 1987
Long Term Health Advisory 400 ug/L EPA 1987
(10 kg child)
Long Term Health Advisory 1000 ug/L EPA 1987
(70 kg adult)
Lifetime Health Advisory 3 pg/L EPA 1987
c. Nonspecific media:
EPA RfD for chronic oral exposure 0.004 mg/kg/day EPA 1988a
EPA gl* for oral exposure 0.057/mg/kg/day EPA 1988a
ql* for inhalation exposure 0.057/mg/kg/day EPA 1988a
verified 7/23/86
EPA Cancer Classification Cb EPA 1988a
EPA RCRA Listed 52 FR 25942
(07/09/87)
40 CFR 260
EPA Listed as a Hazardous Substance 51 FR 6541
(02/25/86)

40 CFR 261
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TABLE 7-1 (continued)

Agency Description Value Reference

State

State Agencies
a. Air: Acceptable ambient air concentrations

Kentucky 4.5 mg/m> (8-hour avg) 401 KAR 63:022
b. Water: Drinking Water quality guidelines FSTRAC 1988
Arizona 1 ug/L
California 100 ug/L
Minnesota 6 pg/L
New Mexico 10 ug/L
gcroup 3 - Not classifiable as to its carcinogenicity in humans

Group C - Possible human carcinogen
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9. GLOSSARY

Acut e Exposure -- Exposure to a chem cal for a duration of 14 days or |less, as
specified in the Toxicol ogical Profiles.

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

Adsorption Ratio (Kd) -- The anpbunt of a chemi cal adsorbed by a sedi nent or soi
(i.e., the solid phase) divided by the anbunt of chemical in the

sol ution phase, which is in equilibriumwi th the solid phase, at a fixed
solid/solution ratio. It is generally expressed in mcrograns of chem ca
sorbed per gramof soil or sedinent.

Bi oconcentration Factor (BCF) -- The quotient of the concentration of a
chem cal in aquatic organisns at a specific tinme or during a discrete tine
peri od of exposure divided by the concentration in the surroundi ng water at
the same time or during the sanme period.

Cancer Effect Level (CEL) -- The | owest dose of chemcal in a study, or
group of studies, that produces significant increases in the incidence of
cancer (or tunors) between the exposed popul ation and its appropriate
control

Carci nogen -- A chemical capable of inducing cancer.

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

Chroni ¢ Exposure -- Exposure to a chemi cal for 365 days or nore, as
specified in the Toxicol ogical Profiles.

Devel opnental Toxicity -- The occurrence of adverse effects on the
devel opi ng organismthat may result from exposure to a chemical prior to
conception (either parent), during prenatal devel opment, or postnatally to
the time of sexual maturation. Adverse devel opnental effects nay be
detected at any point in the life span of the organi sm

Enbryotoxicity and Fetotoxicity -- Any toxic effect on the conceptus as a
result of prenatal exposure to a chemcal; the distinguishing feature
between the two ternms is the stage of devel opment during which the insult
occurred. The termnms, as used here, include mal formations and vari ati ons,
altered growth, and in utero death.

EPA Heal th Advisory -- An estimate of acceptable drinking water levels for a
chem cal substance based on health effects information. A health advisory

is not a legally enforceabl e federal standard, but serves as technica

gui dance to assist federal, state, and local officials,
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| medi atel y Dangerous to Life or Health (IDLH) -- The naxi num environnent al
concentration of a contam nant from which one could escape within 30 m n without
any escape-inpairing synptons or irreversible health effects.

I nternedi ate Exposure -- Exposure to a chem cal for a duration of 15-364
days as specified in the Toxicol ogical Profiles.

| unol ogi ¢ Toxicity -- The occurrence of adverse effects on the i mMmune
systemthat may result from exposure to environnental agents such as
chemi cal s.

In vitro -- Isolated fromthe living organismand artificially maintained,

as in a test tube.

In vivo -- Cccurring within the living organi sm

Let hal Concentration(,) (LC,) -- The |l owest concentration of a chenmical in air

whi ch has been reported to have caused death in humans or ani nal s.

Let hal Concentration(,) (LC,) -- A calculated concentration of a chemcal in air
to which exposure for a specific length of tine is expected to cause death in 50%
of a defined experinmental aninmal popul ation.

Let hal Dose(,) (LD, -- The |owest dose of a chenical introduced by a
route other than inhalation that is expected to have caused death in humans
or ani mal s.

Let hal Dose(,,) (LD,) -- The dose of a chemical which has been calculated to cause
death in 50% of a defined experinental animal popul ation.

Lethal Tinme(,) (LTs,) -- A calculated period of tine within which a
specific concentration of a chemical is expected to cause death in 50% of a
defined experinmental ani mal popul ation.

Lowest - Cbserved- Adverse- Ef fect Level (LOAEL) -- The | owest 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 popul ation and its appropriate control.

Mal formati ons -- Permanent structural changes that may adversely affect
survival, devel opnent, or function.

M nimal Risk Level -- An estimate of daily human exposure to a chemcal that is
likely to be without an appreciable risk of deleterious effects
(noncancerous) over a specified duration of exposure.
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9. GLOSSARY
Mut agen -- A substance that causes nutations. A nmutation is a change in the
genetic material in a body cell, Mitations can lead to birth defects,
nm scarriages, or cancer.
Neurotoxicity -- The occurrence of adverse effects on the nervous system

foll owi ng exposure to chem cal

No- Qbserved- Adver se- Ef fect 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 popul ati on
and its appropriate control. Effects may be produced at this dose, but they

are not considered to be adverse.

Cctanol -Water Partition Coefficient (Kow) -- The equilibriumratio of the
concentrations of a chemcal in n-octanol and water, in dilute sol ution.

Per m ssi bl e Exposure Limt (PEL) -- An allowabl e exposure |evel in workplace air
averaged over an 8-hour shift.

g,* -- The upper-bound estimte of the | ow dose slope of the dose-response
curve as determined by the nultistage procedure. The g,* can be used to
cal cul ate an estimate of carcinogenic potency, the incremental excess cancer

risk per unit of exposure (usually pg/L for water, ng/kg/day for food, and
ug/ M for air).

Ref erence Dose (RfD) -- An estimate (with uncertainty spanni ng perhaps an
order of magnitude) of the daily exposure of the human popul ation to a
potential hazard that is likely to be without risk of deleterious effects
during alifetine. The RFD is operationally derived fromthe NOAEL (from

ani mal and hunman studi es) by a consistent application of uncertainty factors
that reflect various types of data used to estimate RfDs and an additiona
nodi fying factor, which is based on a professional judgment of the entire
dat abase on the chemical. The RfDs are not applicable to nonthreshold

ef fects such as cancer

Reportabl e Quantity (RQ -- The quantity of a hazardous substance that is
consi dered reportabl e under CERCLA. Reportable quantities are (1) 1 Ib or
greater or (2) for selected substances, an anount established by regul ation
ei ther under CERCLA or under Sect. 311 of the Cean Water Act. Quantities
are measured over a 24-hour period.

Reproductive Toxicity -- The occurrence of adverse effects on the
reproductive systemthat may result from exposure to a chenical. The
toxicity may be directed to the reproductive organs and/or the rel ated
endocrine system The manifestation of such toxicity nay be noted as
alterations in sexual behavior, fertility, pregnancy outcones, or
nodi fi cations in other functions that are dependent on the integrity of this
system
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Short - Term Exposure Limt (STEL) -- The maxi mum concentrati on to which
wor kers can be exposed for up to 15 min continually. No nore than four
excursions are allowed per day, and there nust be at |east 60 m n between
exposure periods. The daily TLV-TWA may not be exceeded.

Target Organ Toxicity -- This termcovers a broad range of adverse effects
on target organs or physiological systens (e.g., renal, cardiovascul ar)
extending fromthose arising through a single Iinmted exposure to those
assuned over a lifetinme of exposure to a chemni cal

Teratogen -- A chemical that causes structural defects that affect the
devel oprment of an organi sm

Threshold Limt Value (TLV) -- A concentration of a substance to which nopst
wor kers can be exposed without adverse effect. The TLV nay be expressed as a TWA
as a STEL, or as a CL.

Ti me-wei ghted Average (TWA) -- An all owabl e exposure concentration averaged over a
nor mal 8- hour workday or 40- hour wor kweek.

Toxi ¢ Dose (TD50) -- A cal cul ated dose of a chemical, introduced by a route other
than inhal ation, which is expected to cause a specific toxic effect in 50% of a
defined experinental ani mal popul ation.

Uncertainty Factor (UF) -- A factor used in operationally deriving the RfD from
experinental data. UFs are intended to account for (1) the variation in
sensitivity anong the nenbers of the human popul ation, (2) the

uncertainty in extrapolating animal data to the case of human, (3) the
uncertainty in extrapolating fromdata obtained in a study that is of |ess

than lifetime exposure, and (4) the uncertainty in using LOAEL data rat her

than NOAEL data. Usually each of these factors is set equal to 10



109

APPENDI X
PEER REVI EW

A peer review panel was assenbled for 1,1, 2-trichloroethane. The Panel
consisted of the follow ng nmenbers: Dr. Janes V. Bruckner, Associate
Prof essor and Director of Toxicology, University of Georgia College of
Pharmacy; Dr. Richard J. Bull, Associate Professor of Pharnmacol ogy/
Toxi col ogy, University of Washington; Dr. MIldred Christian, Argus Research
Laboratories; and Dr. Curtis Klaasen, University of Kansas. These experts
collectively have know edge of 1,1, 2-Trichl oroethane's physical and cheni cal
properties, toxicokinetics, key health end points, nechanisnms of action,
human and ani mal exposure, and quantification of risk to humans. All
reviewers were selected in conformity with the conditions for peer review
specified in the Superfund Arendnments and Reauthorization Act of 1986,
Section 110.

A joint panel of scientists from ATSDR and EPA has revi ewed the peer
reviewers' conments and determ ned which comrents will be included in the
profile. Alisting of the peer reviewers' conments not incorporated in the
profile, with a brief explanation of the rationale for their exclusion,
exists as part of the administrative record for this conpound. A |ist of
dat abases reviewed and a |ist of unpublished docunents cited are al so
included in the adm nistrative record.

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