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Acronyms and Abbreviations 

bw body weight

cc cubic centimeters

CD Caesarean Delivered

CERCLA Comprehensive Environmental Response, Compensation and Liability Act

of 1980

CNS central nervous system

cu.m cubic meter

DWEL Drinking Water Equivalent Level

FEL frank-effect level

FIFRA Federal Insecticide, Fungicide, and Rodenticide Act

g grams

GI gastrointestinal

HEC human equivalent concentration

Hgb hemoglobin

i.m. intramuscular

i.p. intraperitoneal

i.v. intravenous

IRIS Integrated Risk Information System

IUR inhalation unit risk

kg kilogram

L liter

LEL lowest-effect level

LOAEL lowest-observed-adverse-effect level

LOAEL(ADJ) LOAEL adjusted to continuous exposure duration

LOAEL(HEC) LOAEL adjusted for dosimetric differences across species to a human

m meter

MCL maximum contaminant level

MCLG maximum contaminant level goal

MF modifying factor

mg milligram

mg/kg milligrams per kilogram

mg/L milligrams per liter

MRL minimal risk level

MTD maximum tolerated dose

MTL median threshold limit
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NAAQS National Ambient Air Quality Standards

NOAEL no-observed-adverse-effect level

NOAEL(ADJ) NOAEL adjusted to continuous exposure duration

NOAEL(HEC) NOAEL adjusted for dosimetric differences across species to a human

NOEL no-observed-effect level

OSF oral slope factor

p-IUR provisional inhalation unit risk

p-OSF provisional oral slope factor

p-RfC provisional inhalation reference concentration

p-RfD provisional oral reference dose

PBPK physiologically based pharmacokinetic

ppb parts per billion

ppm parts per million

PPRTV Provisional Peer Reviewed Toxicity Value

RBC red blood cell(s)

RCRA Resource Conservation and Recovery Act

RDDR Regional deposited dose ratio (for the indicated lung region)

REL relative exposure level

RfC inhalation reference concentration

RfD oral reference dose

RGDR Regional gas dose ratio (for the indicated lung region)

s.c. subcutaneous

SCE sister chromatid exchange

SDWA Safe Drinking Water Act

sq.cm. square centimeters

TSCA Toxic Substances Control Act

UF uncertainty factor

:g microgram

:mol micromoles

VOC volatile organic compound
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PROVISIONAL PEER REVIEWED TOXICITY VALUES FOR
trans-1,2-DICHLOROETHYLENE (CASRN 156-60-5)

Derivation of a Chronic Inhalation RfC

Background

On December 5, 2003, the U.S. Environmental Protection Agency's (EPA's) Office of
Superfund Remediation and Technology Innovation (OSRTI) revised its hierarchy of human
health toxicity values for Superfund risk assessments, establishing the following three tiers as the
new hierarchy:

1. EPA's Integrated Risk Information System (IRIS).

2. Provisional Peer-Reviewed Toxicity Values (PPRTV) used in EPA's Superfund
Program.

3. Other (peer-reviewed) toxicity values, including:

< Minimal Risk Levels produced by the Agency for Toxic Substances and Disease
Registry (ATSDR),

< California Environmental Protection Agency (CalEPA) values, and
< EPA Health Effects Assessment Summary Table (HEAST) values.

A PPRTV is defined as a toxicity value derived for use in the Superfund Program when
such a value is not available in EPA's Integrated Risk Information System (IRIS).  PPRTVs are
developed according to a Standard Operating Procedure (SOP) and are derived after a review of
the relevant scientific literature using the same methods, sources of data, and Agency guidance
for value derivation generally used by the EPA IRIS Program.  All provisional toxicity values
receive internal review by two EPA scientists and external peer review by three independently
selected scientific experts.  PPRTVs differ from IRIS values in that PPRTVs do not receive the
multi-program consensus review provided for IRIS values.  This is because IRIS values are
generally intended to be used in all EPA programs, while PPRTVs are developed specifically for
the Superfund Program.

Because science and available information evolve, PPRTVs are initially derived with a
three-year life-cycle.  However, EPA Regions or the EPA Headquarters Superfund Program
sometimes request that a frequently used PPRTV be reassessed.  Once an IRIS value for a
specific chemical becomes available for Agency review, the analogous PPRTV for that same
chemical is retired.  It should also be noted that some PPRTV manuscripts conclude that a
PPRTV cannot be derived based on inadequate data.
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Disclaimers

      Users of this document should first check to see if any IRIS values exist for the chemical
of concern before proceeding to use a PPRTV.  If no IRIS value is available, staff in the regional
Superfund and RCRA program offices are advised to carefully review the information provided
in this document to ensure that the PPRTVs used are appropriate for the types of exposures and
circumstances at the Superfund site or RCRA facility in question.  PPRTVs are periodically
updated; therefore, users should ensure that the values contained in the PPRTV are current at the
time of use. 

It is important to remember that a provisional value alone tells very little about the
adverse effects of a chemical or the quality of evidence on which the value is based.  Therefore,
users are strongly encouraged to read the entire PPRTV manuscript and  understand the strengths
and limitations of the derived provisional values.  PPRTVs are developed by the EPA Office of
Research and Development’s National Center for Environmental Assessment, Superfund Health
Risk Technical Support Center for OSRTI.  Other EPA programs or external parties who may
choose of their own initiative to use these PPRTVs are advised that Superfund resources will not
generally be used to respond to challenges of PPRTVs used in a context outside of the Superfund
Program.

Questions Regarding PPRTVs

      Questions regarding the contents of the PPRTVs and their appropriate use (e.g., on
chemicals not covered, or whether chemicals have pending IRIS toxicity values) may be directed
to the EPA Office of Research and Development’s National Center for Environmental
Assessment, Superfund Health Risk Technical Support Center (513-569-7300), or OSRTI.

This document has passed the STSC quality review and peer review evaluation indicating
that the quality is consistent with the SOPs and the standards of the STSC and is suitable for use
by registered users of the PPRTV system.
      

INTRODUCTION

An RfC for trans-1,2-dichloroethylene is not available on IRIS (U.S. EPA, 2002) or in
the HEAST (U.S. EPA, 1997).  The CARA list (U.S. EPA, 1991, 1994a) includes a Health
Effects Assessment (HEA) for trans-1,2-dichloroethylene (U.S. EPA, 1984) and a Health and
Environmental Effects Profile (HEEP) on dichloroethylenes (U.S. EPA, 1986) that reported no
data regarding inhalation toxicity in humans and inconsistent results in two subchronic inhalation
assays in animals.  ATSDR (1996) established an intermediate inhalation MRL of 0.2 ppm (0.8
mg/m3) based on a LOAEL of 200 ppm (790 mg/m3) in a 16-week subchronic inhalation study in
rats by Freundt et al. (1977) to protect against hepatic effects.  ACGIH (1991, 2001) assigned a
TLV-TWA of 200 ppm (790 mg/m3) for all isomers of 1,2-dichloroethylene based on a no-effect
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level of 1000 ppm following exposure to mixed isomers in a study by Torkelson (ACGIH, 1991). 
However, the value was under review, since liver effects had been reported in rats repeatedly
exposed to 200 ppm of the trans isomer (Freundt et al., 1977).  The NIOSH (1981, 2001) REL-
TWA and OSHA (1999, 2000) PEL for isomers of 1,2-dichloroethylene were both established at
200 ppm (790 mg/m3) to protect against irritation of the eyes and respiratory system and
depression of the central nervous system.  Neither IARC (2001) nor the WHO (2001) have
written a toxicological review document on trans-1,2-dichloroethylene.  A toxicity review on
unsaturated halogenated hydrocarbons (Lemen, 2001) and the NTP (2001a,b) management status
report and health and safety report for trans-1,2-dichloroethylene were consulted for relevant
information.  Literature searches were conducted from 1994 to June 2001 for studies relevant to
the derivation of a provisional RfC for  trans-1,2-dichloroethylene.  The databases searched
were: TOXLINE, MEDLINE, CANCERLIT, TOXLIT/BIOSIS, RTECS, HSDB, GENETOX,
CCRIS, TSCATS, EMIC/EMICBACK, and DART/ETICBACK.

REVIEW OF THE PERTINENT LITERATURE

Human Studies

Acute exposures to high concentrations (>1000 ppm) of trans-1,2-dichloroethylene have
been reported to cause eye irritation, nausea, vertigo, and narcosis in humans (ACGIH, 1991;
OSHA, 1999).  Due to its narcotic effects, trans-1,2-dichloroethylene has been used as an
anesthetic in humans (ACGIH, 1991).  One human fatality, presumably from depression of the
central nervous system, was reported following exposure to an unknown quantity of 1,2-
dichloroethylene vapor (isomer composition unreported) in an enclosed area (ATSDR, 1996). 
No data regarding chronic or subchronic inhalation toxicity of trans-1,2-dichloroethylene in
humans were found in the available review documents (U.S. EPA, 1984, 1986; Lemen, 2001) or
in the literature search.

Animal Studies

1,2-Dichloroethylene has been used as an anesthetic in animals (ACGIH, 1991; Lemen,
2001).  Inhalation toxicity studies of trans-1,2-dichloroethylene in animals include a subchronic
rat study by Freundt et al. (1977) and a developmental rat study by Hurtt et al. (1993).  No
chronic duration animal study was located in the literature search.

Other Studies

Freundt et al. (1977) exposed groups of six female Wistar rats by inhalation to 0 or 200
ppm (0 or 794 mg/m3) of trans-1,2-dichloroethylene for 8 hours/day for 1 day only and for 8
hours/day, 5 days/week for prolonged durations of 1, 2, 8 and 16 weeks. Additional studies were
done at higher concentrations (1000 and 3000 ppm) for 8 hours/day for a single day. All
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concentrations were given as mean values with a variability of ±3% (S.E.M.) based on
monitoring the chambers using  gas chromatography.

Subsequent to single and repeated exposures at 200 ppm, the rats were examined for
gross pathology and histological pathology of selected organs (brain, sciatic nerve, lung, heart,
liver, kidney, spleen, brain, and muscle).  No signs of narcosis were observed during exposure,
and no mortality was reported.  Histopathological effects were observed only in the liver( fatty
accumulation in liver lobule and Kupffer cells) and lungs (capillary hyperemia and alveolar
septum distension).

Repeated exposures of 200 ppm for 1 and 2 weeks produced only slight histopathological
changes for liver and lungs in contrast to the studies of 8 and 16 weeks where slight to severe
changes were noted. Therefore, these latter studies of longer duration will only be addressed in
this report.

In the group exposed for 8 weeks, fatty degeneration was observed in the liver lobule of
3/6 treated rats (versus 0/6 controls) and in the Kupffer cells of 3/6 treated rats (versus 1/6
controls).  In the group exposed for 16 weeks, fatty degeneration both in the liver lobule and in
Kupffer cells was observed in 5/6 treated rats and 2/6 controls.  The observed liver lesions were
graded as slight changes, except for Kupffer cell fat accumulation in the 8-week exposure group
(all 3 treated and 1 control rats showing the lesion) and liver lobule fat accumulation in the 16-
week exposure group (3 of the 5 treated rats with the lesion), which were graded as severe
changes.  Lung lesions were all graded as slight changes.  In the 8-week exposure group,
pulmonary capillary hyperemia and distension of the alveolar septum were observed in 6/6
treated rats (3 with severe pneumonic infiltration) and 0/6 controls.  Identical findings were
reported in the16-week exposure group.  This study identified a free standing LOAEL of 200
ppm (794 mg/m3) for hepatic and pulmonary lesions in rats subchronically exposed to trans-1,2-
dichloroethylene.

These findings are supported by shorter-term experiments described in the same paper. 
Freundt et al. (1977) observed the same hepatic and pulmonary effects (hepatic fatty infiltration,
pulmonary capillary hyperemia, and alveolar septal distension) in rats exposed to 200 ppm for as
short as 8 hours. With the exception of one rat in a single exposure for 8 hours only), the 
incidence and/or severity was lower . Eight-hour exposure to higher concentrations produced no
additional effects, except that histopathology of the cardiac muscle was observed in rats given a
single 8-hour exposure to 3000 ppm.  Additional studies showed that pulmonary lesions similar
to those observed by inhalation exposure were also produced by intraperitoneal exposure.  Based
on this finding and the absence of histological evidence (transudates or exudates) for irritation of
the bronchial epithelium, the investigators suggested that irritation can be discounted as the
causal agent for the observed lesions and that the pulmonary lesions may be, at least in part,
systemic in origin.
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An overview of all the brief and prolonged studies demonstrates that both dose (200,
1000 and 3000 ppm for 8 hours) and time (200 ppm for 8 hours, 1, 2, 8 and 16 weeks) do appear
to make a difference in the severity of fat accumulation in the liver lobule and of cardiotoxicity.

A developmental study by Hurtt et al. (1993) showed that the developing organism is not
a sensitive target for trans-1,2-dichloroethylene.  Hurtt et al. (1993) exposed groups of 24
presumed pregnant female CRL:CD BR rats by inhalation to concentrations of 0, 2000, 6000, or
12,000 ppm (0, 7940, 23,820, or 47,640 mg/m3) of trans-1,2-dichloroethylene (99.64% purity)
for 6 hours/day on gestational days (GD) 7-16.  Rats were observed daily (twice daily on
exposure days) for clinical signs.  During exposure, the response of the dams to a sound stimulus
(rapping on the side of the exposure chamber) was recorded; because of the design of the
chamber, not all animals in each group could be observed.  Maternal body weight was recorded
on GD 1, 7-17, and 22; feed consumption was measured on alternate days from GD 1-19 and on
GD 22.  Dams were sacrificed on GD 22 and examined for gross pathology; the weights of liver,
gravid uterus and empty uterus were recorded.  Other endpoints included the number of uterine
resorptions (revealed by ammonium sulfide staining in apparently ‘nonpregnant’ dams), fetal
mortality, weight and sex of live fetuses, and the number of stunted live fetuses.  All fetuses were
examined for external malformations and variations, and subsequently analyzed for either
skeletal or visceral changes.  Two control females were found to be not pregnant and were
excluded from most analyses.

No maternal mortality was observed (Hurtt et al., 1993).  Significantly reduced body
weight gain was observed at 6000 ppm on GD 11-13 and at 12,000 ppm on GD 7-17 (actual loss
of weight on GD 7-9).  Significantly reduced feed consumption occurred at 2000 ppm on GD 13-
15, and at both higher doses during the exposure period.  Body weight and food consumption
reverted to normal values during the post-exposure period.  Ocular irritation (lacrimation and
stained periocular hair) was observed in all exposed groups.  Narcotizing effects of treatment and
alopecia were observed at 6000 and 12,000 ppm, and lethargy and salivation at 12,000 ppm.  Of
these clinical signs, only alopecia was observed in exposed rats in the post-exposure period.  No
other compound-related effects were observed in dams.  Significant trends and increases in the
mean number of total and early resorptions per litter were found in dams exposed to 6000 or
12,000 ppm.  However, the researchers considered this finding to be not biologically significant,
but rather an artifact of the unusually low resorption rate in the concurrent control group; rates in
exposed groups were within the limits of historical control data from the same laboratory during
the previous 2 years.  The pregnancy rate, corpora lutea, fetuses per litter, and number of stunted
fetuses were unaffected by treatment.  At 12,000 ppm, mean fetal weight was significantly
reduced and there was a small, statistically nonsignificant increase in the incidence of
hydrocephalus.  Otherwise, treatment had no significant effect on the incidence of fetal
malformations or variations.  In this study, fetal effects were found only at high concentrations
producing overt maternal toxicity, indicating that the developing organism is not a sensitive
target of trans-1,2-dichloroethylene toxicity.
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In a briefly-described range-finding experiment for the developmental study, Hurtt et al.
(1993) exposed groups of pregnant female Crl:CD BR rats by inhalation to 0, 6000, 9000, or
12,000 ppm (0, 23,820, 35,730, or 47,640 mg/m3) of trans-1,2-dichloroethylene for 6 hours/day
on gestational days 7-16.  Narcosis [central nervous system (CNS) depression] was observed in
all test groups during exposure and was evident as incoordination immediately following
exposure.  Maternal body weight gain and food consumption were decreased at the two highest
exposure levels, and fetal body weight was decreased at the highest level.

DERIVATION OF A PROVISIONAL RfC FOR trans-1,2-DICHLOROETHYLENE

No pertinent data were located regarding the chronic or subchronic inhalation toxicity of 
trans-1,2-dichloroethylene in humans.  No chronic inhalation toxicity study in animals was
located in the literature search.  The 16-week subchronic rat inhalation toxicity study by Freundt
et al. (1977) was cited on IRIS (U.S. EPA, 2002) in support of the oral RfD, but was not used to
derive a p-RfC.  The U.S. EPA (1986) concluded that there was an unresolvable conflict between
the adverse level of 200 ppm for the trans isomer in the Freundt study and results of an
unpublished study on the mixed isomers by Torkelson that was submitted in 1965 to the ACGIH
(1991).  As reported in secondary sources (Torkelson and Rowe, 1981; ACGIH, 1991), no
adverse effects were observed in rats, guinea pigs, rabbits, or dogs exposed by inhalation to the
equivalent of 200 or 400 ppm of trans-1,2-dichloroethylene (500 or 1000 ppm of 1,2-
dichloroethylene containing 40% trans isomer) for 7 hours/day, 5 days/week for 6 months. 
However, as indicated in a report of this study submitted to the EPA in 1994 (Dow, 1962),
statistically significant increases in organ weights relative to body weight were observed in the
liver of female rats and the kidney of male rats at both exposure levels, and in kidney of female
rats at the high exposure level; in addition, average relative liver weight was also increased in a
small group of male and female rabbits.  The reported organ weight changes observed for the
mixed isomers in the Dow (1962) study would appear to provide support for the trans-isomer-
related hepatic toxicity reported by Freundt et al. (1977).  However, absolute organ weights and
histopathology results were not reported for the Dow (1962) study.

The critical study of Freundt et al. (1977) reported adverse effects in the liver (fatty
degeneration) and lung (pulmonary capillary hyperemia and distension of the alveolar septum) in
female Wistar rats exposed to atmospheres containing 200 ppm (794 mg/m3) of trans-1,2-
dichloroethylene 8 hours/day, 5 days/week for 16 weeks.  As mentioned above, the pulmonary
effects were considered to be not only local, but systemic, since they occurred in rats exposed by
other routes and were not accompanied by signs of irritation in the lungs (Freundt et al., 1977). 
Although these same lesions were also observed in rats exposed to the same free standing
LOAEL of 200 ppm for only 8 hours, a p-RfC based on this LOAEL is expected to be protective
for systemic effects from chronic exposure.  The minimal nature of the effects in the 8-hour study
suggests that the LOAEL of 200 ppm is very close to the threshold for acute effects.  Exposure to
200 ppm for longer durations (up to 16 weeks) or higher concentrations (up to 3000 ppm) for
acute durations produced increases in incidence and/or severity of the lesions, but no differences
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in the types of lesions observed or target organs (with the exception of cardiac histopathology
after 3000 ppm for 8 hours).  This suggests that the concentration- and duration-response curves
for trans-1,2-dichloroethylene are shallow, and therefore, that the LOAEL of 200 ppm is a
reasonable basis for a chronic p-RfC (i.e., uncertainty factors applied during derivation of the
p-RfC are likely to encompass the chronic NOAEL).

The developmental study of Hurtt et al. (1993) was conducted at much higher
concentrations (2000-12000 ppm) than the Freundt et al. (1977) study.  At these levels, trans-1,2-
dichloroethylene produced overt clinical signs of toxicity in the dams.  Fetal effects were
observed, but only at levels that also produced overt maternal toxicity.  Therefore, a p-RfC based
on the LOAEL of 200 ppm (794 mg/m3) is expected to provide adequate protection of the fetus
in case of maternal exposure.

To calculate the provisional RfC, the LOAEL of 200 ppm (794 mg/m3) in rats (Freundt et
al., 1977) is first adjusted for intermittent exposure, as follows (U.S. EPA, 1994b):

  LOAELADJ = (LOAELRAT) (hours/24 hours) (days/7 days)
= (794 mg/m3) (8/24) (5/7)
= 189 mg/m3

For purposes of calculating the p-RfC, trans-1,2-dichloroethylene was treated as a
category 3 gas.  Lesions in the lung, as well as the liver, were considered extrarespiratory effects
for this derivation, because the evidence (discussed above) suggests that the lung lesions were, at
least partly, systemic in origin.  The human equivalent concentration (HEC) for extrarespiratory
effects produced by a category 3 gas is calculated by multiplying the duration-adjusted LOAEL
by the ratio of blood:gas partition coefficients (Hb/g) in animals and humans (U.S. EPA, 1994b). 
Since the value of Hb/g for trans-1,2-dichloroethylene in rats (9.58; Gargas et al., 1989) is larger
than Hb/g in humans (6.04), a default value of 1 is used for the ratio of partition coefficients, and
the LOAELHEC becomes 189 mg/m3:

LOAELHEC
= (LOAELADJ) x [(Hb/g)RAT / (Hb/g)HUMAN], 

            If       (Hb/g)RAT > (Hb/g)HUMAN, then (Hb/g)RAT / (Hb/g)HUMAN = 1

Since    9.58    > 6.04,
= 189 mg/m3 x [1] = 189 mg/m3

A composite uncertainty factor of 3000 was used, reflecting the following areas of
uncertainty: use of a LOAEL, use of a less than chronic study, extrapolation from rats to humans
using the dosimetric adjustments, protection of sensitive individuals, and database deficiencies
(including lack of a multigeneration reproduction study).  The modifying factor was set to 1.  The
provisional RfC for trans-1,2-dichloroethylene was derived as follows:
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p-RfC = LOAELHEC  ÷ (UF x MF)
= 189 mg/m3  ÷ (3000 x 1)
= 0.06 or 6E-2 mg/m3

Although based on the same critical study, the provisional RfC for trans-1,2-
dichloroethylene (6E-2 mg/m3) is 13-fold lower than the intermediate inhalation MRL (8E-1
mg/m3) calculated by ATSDR (1996).  This difference stems from lack of duration adjustment
and an alternative application of uncertainty factors in the ATSDR (1996) assessment.

STATEMENT OF CONFIDENCE

Confidence in the critical study is low because, although methods and results were
adequately designed, conducted and reported, certain inadequacies remain, namely, small sample
size, use of a single sex, the use of a single exposure level, the relatively short exposure duration,
and the lack of analysis of body and organs weights, nasal histology, clinical chemistry, and
hematology.  Confidence in the database is low because of the lack of data for exposures longer
than 16 weeks, or for species other than rat, and the lack of a multigeneration reproduction study. 
Low confidence in the p-RfC results.
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