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1,1-Dichloroethene (Vinylidene Chloride)

FOREWORD

Concise International Chemical Assessment
Documents (CICADs) are thelatest in afamily of
publications from the International Programme on
Chemical Safety (IPCS) — a cooperative programme of
the World Health Organization (WHO), the International
Labour Organization (ILO), and the United Nations
Environment Programme (UNEP). CICADs join the
Environmental Health Criteria documents (EHCs) as
authoritative documents on the risk assessment of
chemicals.

International Chemical Safety Cards on the
relevant chemical(s) are attached at the end of the
CICAD, to provide the reader with concise information
on the protection of human health and on emergency
action. They are produced in a separate peer-reviewed
procedure at IPCS. They may be complemented by
information from IPCS Poison Information Monographs
(PIM), similarly produced separately from the CICAD
process.

CICADs are concise documents that provide sum-
maries of the relevant scientific information concerning
the potential effects of chemicals upon human health
and/or the environment. They are based on selected
national or regional eval uation documents or on existing
EHCs. Before acceptance for publication as CICADs by
IPCS, these documents undergo extensive peer review
by internationally selected expertsto ensure their com-
pleteness, accuracy in the way in which the original data
are represented, and the validity of the conclusions
drawn.

The primary objective of CICADs s characteri-
zation of hazard and dose-response from exposure to a
chemical. CICADs are not asummary of all available
dataon aparticular chemical; rather, they include only
that information considered critical for characterization
of the risk posed by the chemical. The critical studies
are, however, presented in sufficient detail to support the
conclusions drawn. For additional information, the
reader should consult the identified source documents
upon which the CICAD has been based.

Risks to human health and the environment will
vary considerably depending upon the type and extent of
exposure. Responsible authorities are strongly encour-
aged to characterize risk on the basis of locally measured
or predicted exposure scenarios. To assist the reader,
examples of exposure estimation and risk characteriza-
tion are provided in CICADs, whenever possible. These
examples cannot be considered as representing all

possible exposure situations, but are provided as
guidance only. The reader is referred to EHC 170.*

While every effort is made to ensure that CICADs
represent the current status of knowledge, new informa-
tion is being developed constantly. Unless otherwise
stated, CICADs are based on a search of the scientific
literature to the date shown in the executive summary. In
the event that a reader becomes aware of new informa-
tion that would change the conclusionsdrawnin a
CICAD, thereader isrequested to contact IPCSto
inform it of the new information.

Procedures

The flow chart on page 2 shows the procedures
followed to produce a CICAD. These procedures are
designed to take advantage of the expertise that exists
around the world — expertise that is required to produce
the high-quality evaluations of toxicological, exposure,
and other data that are necessary for assessing risksto
human health and/or the environment. The |PCS Risk
Assessment Steering Group advises the Coordinator,
IPCS, on the selection of chemicalsfor an IPCS risk
assessment based on the following criteria:

there isthe probability of exposure; and/or
there is significant toxicity/ecotoxicity.

Thus, itistypical of apriority chemical that

itisof transboundary concern;

itisof concern to arange of countries (developed,
developing, and those with economiesin transition)
for possible risk management;

thereis significant international trade;

it has high production volume;

it has dispersive use.

The Steering Group will also advise IPCS on the appro-
priate form of the document (i.e., EHC or CICAD) and
which institution bears the responsibility of the docu-
ment production, as well as on the type and extent of the
international peer review.

Thefirst draft is based on an existing national,
regional, or international review. Authors of the first
draft are usually, but not necessarily, from the institution
that developed the original review. A standard outline
has been devel oped to encourage consistency in form.
Thefirst draft undergoes primary review by IPCS to
ensure that it meets the specified criteriafor CICADs.

! International Programme on Chemical Safety (1994)
Assessing human health risks of chemicals: derivation of
guidance values for health-based exposure limits. Geneva,
World Health Organization (Environmental Health Criteria
170) (also available at http://www.who.int/pcs/).
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CICAD PREPARATION FLOW CHART

Selection of priority
chemical, author
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9
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Primary acceptance
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9
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9
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Approval by Coordinator,
IPCS

9

Publication of CICAD on
web and as printed text

Advice from Risk Assessment
Steering Group

Criteriaof priority:

$ there isthe probability of exposure;
and/or
$ there is significant toxicity/ecotoxicity.

Thus, it istypical of apriority chemical that

$ itis of transboundary concern;

$ itisof concern to arange of countries
(devel oped, devel oping, and those with
economies in transition) for possible risk
management;

$ there is significant international trade;

$ the production volume is high;

$  theuseisdispersive.

Special emphasisis placed on avoiding
duplication of effort by WHO and other
international organizations.

A prerequisite of the production of aCICAD is
the availability of arecent high-quality national/
regional risk assessment document = source
document. The source document and the
CICAD may be produced in parallel. If the
source document does not contain an environ-
mental section, this may be produced de novo,
provided it is not controversial. If no source
document is available, IPCS may produce a de
novo risk assessment document if the cost is
justified.

Depending on the complexity and extent of
controversy of the issuesinvolved, the steering
group may advise on different levels of peer
review:

$  standard IPCS Contact Points
$  above+ specialized experts
$  above + consultative group
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The second stage involves international peer review
by scientists known for their particular expertise and by
scientists selected from an international roster compiled
by IPCS through recommendations from IPCS national
Contact Points and from IPCS Participating I nstitutions.
Adequate timeis allowed for the selected expertsto
undertake athorough review. Authors are required to
take reviewers' commentsinto account and revise their
draft, if necessary. The resulting second draft is
submitted to a Final Review Board together with the
reviewers comments. At any stage in the international
review process, a consultative group may be necessary
to address specific areas of the science.

The CICAD Final Review Board has several
important functions:

to ensure that each CICAD has been subjected to an
appropriate and thorough peer review;

to verify that the peer reviewers' comments have
been addressed appropriately;

to provide guidance to those responsible for the
preparation of CICADs on how to resolve any
remaining issuesif, in the opinion of the Board, the
author has not adequately addressed all comments
of thereviewers; and

to approve CICADs as international assessments.

Board members serve in their personal capacity, not as
representatives of any organization, government, or
industry. They are selected because of their expertisein
human and environmental toxicology or because of their
experience in the regulation of chemicals. Boards are
chosen according to the range of expertise required for a
meeting and the need for balanced geographic repre-
sentation.

Board members, authors, reviewers, consultants,
and advisers who participate in the preparation of a
CICAD are required to declare any real or potential
conflict of interest in relation to the subjects under
discussion at any stage of the process. Representatives
of nongovernmental organizations may be invited to
observe the proceedings of the Final Review Board.
Observers may participate in Board discussions only at
theinvitation of the Chairperson, and they may not
participate in the final decision-making process.
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1. EXECUTIVE SUMMARY

This CICAD on 1,1-dichloroethene (vinylidene
chloride) was prepared by the US Environmental
Protection Agency (EPA). The US EPA considered data
identified as of April 2001 in the national assessment
document (US EPA, 2002d). Information on the nature
of the peer review and availability of this national
assessment document is presented in Appendix 1. The
literature search for this CICAD was updated in August
2002. Information on the peer review of thisCICAD is
presented in Appendix 2. This CICAD was approved as
an international assessment at a meeting of the Final
Review Board, held in Monks Wood, United Kingdom,
on 16-19 September 2002. Participants at the Final
Review Board meeting are presented in Appendix 3. The
International Chemical Safety Card for 1,1-dichloro-
ethene (ICSC 0083), produced by the International
Programme on Chemical Safety (IPCS, 2000), has also
been reproduced in this document.

1,1-Dichloroethene (CAS No. 75-35-4), or 1,1-
DCE, does not occur naturally. It is produced commer-
cially by the dehydrochlorination of 1,1,2-trichloro-
ethane in the presence of excess base or by thermal
decomposition of methyl chloroform (1,1,1-trichloro-
ethane). 1,1-DCE is used as a captive intermediate in the
production of hydrochlorofluorocarbons (HCFC-141b
and HCFC-142b), in the production of chloroacetyl
chloride, and in the production of homo-, co-, and
terpolymers (latex and resin). The polymersareusedin a
variety of consumer products, including food packaging,
textiles, and outdoor furniture.

1,1-DCE can be found in the environment from
release during its manufacture and use, from the break-
down of polyvinylidene (PVDC) products, and from the
biotic or abiotic breakdown of 1,1,1-trichloroethane,
tetrachloroethene, 1,1,2-trichloroethene, and 1,1-di-
chloroethane. The principal sources of environmental
exposure for humans are ambient air and contaminated
drinking-water.

In groundwater, biotransformation of 1,1-DCE can
form vinyl chloride through reductive dechlorination.

The high vapour pressure and low water solubility
of 1,1-DCE favour relatively high concentrationsin the
atmosphere compared with other environmental com-
partments. Atmospheric hydroxy! radicals play a major
rolein the degradation of 1,1-DCE. The atmospheric
half-life is estimated at 16 h. Volatilization is the major
transport process from water, soil, and sediment. Bio-
accumulation is expected to be low based on the chem-
ical’ s octanol/water partition coefficient and water
solubility.

1,1-DCE is rapidly absorbed following inhalation
and oral exposure. Because of itslow relative molecular
mass and hydrophobic nature, dermal absorption is also
likely, but there are no relevant published data. Although
1,1-DCE israpidly distributed to all tissues, most of the
free 1,1-DCE, its metabolites, and covalently bound
derivatives are found in the liver and kidney. 1,1-DCE is
rapidly oxidized by cytochrome P450-dependent mono-
oxygenase 2E1 (CY P2EL) to 1,1-dichloroethene oxide
(DCE-epoxide), 2-chloroacetyl chloride, and 2,2-di-
chloroacetaldehyde. The major metabolites, DCE-
epoxide and 2-chloroacety! chloride, can react with
glutathione (GSH), water, or tissue macromolecules. It is
not known if the metabolism of 1,1-DCE is the samein
humans, although in vitro microsomal preparations from
human liver and lung form the same initial products.

The only existing epidemiological study isinade-
quate to assess the cancer or non-cancer health effects of
1,1-DCE.

Following high-dose exposure by the oral or
inhalation route, the target organs in experimental
animals arethe liver, the kidney, and the Clara cells of
the lung. Following low-dose, long-term exposure, the
liver isthe major target organ in rats following oral or
inhal ation exposure, but the kidney is the major target
organ in mice following inhalation exposure.

Bioassays for cancer by the oral route of exposure
have been conducted in rats, mice, and trout. Although
these bioassays have protocol limitations, none provides
any significant evidence that 1,1-DCE is a carcinogen by
the oral route of exposure. Bioassays for cancer by the
inhal ation route of exposure have been conducted in rats,
mice, and hamsters. Most of these bioassays also have
protocol limitations. One bioassay in male mice showed
an increase in the incidence of kidney adenocarcinomas
at one exposure level. Thereis evidence that the induc-
tion of kidney adenocarcinomasis a sex- and species-
specific response related to the expression of CYP2EL in
the kidney of male mice. The results of the one bioassay
showing an increase in tumoursin one sex and at one
exposure level in asingle rodent species are not suffi-
cient to justify an exposure—response assessment.

1,1-DCE causes gene mutations in microorganisms
in the presence of an exogenous activation system. Most
tests with mammalian cellsin vitro or in vivo show no
evidence of genotoxicity.

Thereis no evidence that reproductive toxicity or
teratogenicity isacritical effect for 1,1-DCE. No repro-
ductive or developmental toxicity was observed at an
oral exposure that caused minimal toxicity in the liver of
the dams. There is some evidence of developmental
variationsin the heart after oral exposure, but it is not
clear if these effects are directly caused by exposure to
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1,1-DCE. Thereis evidence of fetal toxicity (delayed
ossification) following inhalation exposurein the
absence of maternal toxicity.

One study shows no evidence that 1,1-DCE causes
skin sensitization.

Thetoxicity of 1,1-DCE is associated with cyto-
chrome P450-catalysed metabolism of 1,1-DCE to
reactive intermediates that bind covalently to cellular
macromolecules. The extent of binding isinversely
related to loss of GSH, so that severities of tissue
damage parallel the declinein GSH. Thus, the responses
to 1,1-DCE at low doses with little depletion of GSH are
expected to be very different from the responses at high
doses causing substantial GSH depl etion.

The critical effect from oral exposure is minimal
hepatocellular mid-zonal fatty change in female
Sprague-Dawley rats. Based on a BMDL; (the lower
95% confidence limit on the benchmark dose [BMD] for
a 10% response) of 4.6 mg/kg body weight per day and a
total uncertainty factor of 100, thetolerable intakeis
0.05 mg/kg body weight per day.

The critical effect from inhalation exposureis
minimal hepatocellular mid-zonal fatty change in female
Sprague-Dawley rats. Based on aBMCL;q (the lower
95% confidence limit on the benchmark concentration
[BMC] for a 10% response) of 6.9 mg/nt and atotal
uncertainty factor of 30, the tolerable concentration is
0.2 mg/n.

Human exposure to 1,1-DCE is likely to be highly
variable due to site-specific contamination. However,
data suggest that the mean exposure from drinking-water
will not exceed 6-9 x 10~° mg/kg body weight per day
for a70-kg individual consuming 2 litres per day. The
oral exposure from food and soil is most likely neg-
ligible. Data suggest that the upper end of the range for
the mean concentration of 1,1-DCE in air will not
exceed 0.004 mg/n¥. Thus, human exposure is expected
to be far below the tolerable intake of 0.05 mg/kg body
weight per day and the tolerable concentration of
0.2mg/n?.

There are only limited data on the effects of 1,1-
DCE in the aquatic and terrestrial environments. In
studies conducted in closed systems, the EC,, for
inhibition of the growth of a mixed methanotrophic
culture was 0.05 mg/litre; the 72-h EC5o for inhibition of
growth of green alga Chlamydomonas reinhardtii was
9.12 mg/litre; and the 96-h LCs for bluegill (Lepomis
macrochirus) was 74 mg/litre. The limited data on
occurrence of 1,1-DCE in surface water suggest that
concentrations are in the microgram per litre range,
indicating that acute toxic risks from 1,1-DCE for the

aquatic environment are minimal. There are no long-
term toxicity datawith which to assess sublethal effects
of 1,1-DCE on any organisms. However, because of the
rapid volatilization of 1,1-DCE from the agquatic and
terrestrial environments, no significant risk is expected.

2. IDENTITY AND PHYSICAL/CHEMICAL
PROPERTIES

Synonyms for 1,1-dichloroethene (CAS No. 75-35-
4; CGH,Cl,) include 1,1-DCE, 1,1-dichloroethylene,
vinylidene chloride, and vinylidene dichloride. Its
relative molecular massis 96.94; its solubility in water is
2.5 gllitre; its octanol/water partition coefficient (log
Kaow) is1.32; its vapour pressureis 67 kPaat 20 °C; and
its measured Henry’ s law constant is 23.2 kPa-nt/mol at
20 °C. Itschemical structureis shown below:

1,1-Dichloroethene

The chemical and physical properties of 1,1-DCE
are summarized in the International Chemical Safety
Card (ICSC 0083), which isincluded in this document.

The conversion factors® for 1,1-dichloroethenein air
(at 20 °C and 101.3 kPa) are asfollows;

1 ppm = 4.0 mg/n?
1 mg/n? = 0.25 ppm

3. ANALYTICAL METHODS

Because of itsvolatility, 1,1-DCE is well suited to
determination by gas chromatography (GC) using a
variety of detectors, including flame ionization (FID),
electron capture, electrolytic conductivity (ECD), and
mass spectrometry (MS). The major analytical limitation

Yin keeping with WHO policy, which is to provide measure-
mentsin Sl units, all concentrations of gaseous chemicalsin air
will be givenin Sl unitsin the CICAD series. Where the
original study or source document has provided concentrations
in Sl units, these will be cited here. Where the original study or
source document has provided concentrationsin volumetric
units, conversions will be done using the conversion factors
given here, assuming a temperature of 20 °C and a pressure of
101.3 kPa. Conversions are to no more than two significant
digits.
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isinterference by other constituents of the media
analysed.

Methods are available for quantifying 1,1-DCE in
environmental samples (air, water, soil, sediment).
Quantification of 1,1-DCE in air with a detection limit in
the 1 pg/n? range typically uses cold or absorbent
column trapping followed by GC/FID (Foerst, 1979;
Sidhu, 1980). A method for whole air sasmples using
SUMMA canisters with a comparable method of
detection isavailable (US EPA, 1988; Brymer et al.,
1996). A method with aworking range of 2-20 mg/n?
for a5-litre air sampleis available for monitoring in the
workplace (NIOSH, 1994). This method uses GC/FID.
Quantification of 1,1-DCE in water with a detection
limit in the 0.1-0.5 pg/litre range uses headspace
analysis and GC/FID or GC/ECD (Piet et al., 1978;
Otson & Williams, 1982). Other methods with a
comparabl e detection limit include purge and trap with
GClion trap detector (Eichelberger et al., 1990; US EPA,
1995) and purge and trap with GC/MS (US EPA, 1998).
Some newer techniques for sample collection include
solid-phase microextraction (Arthur et al., 1992; Shirey,
1995) and sample introduction using membrane tech-
nology (Bauer & Solyom, 1994; Wong et al., 1995).
Quantification of 1,1-DCE in soils and sediments with a
detection limit in the 5-10 pg/kg range uses extraction
with an organic solvent or purging with an inert gas,
trapping, and GC/MS (DelLeon et al., 1980; Speis, 1980;
Amaral et al., 1994; US EPA, 1998).

Methods are also available for quantifying 1,1-DCE
in biological samples (breath, food, body tissues). Quan-
tification of 1,1-DCE in human breath with a detection
limit of 0.16 pg/n? uses spirometry for sample collec-
tion, cryogenic or Tenax trapping, and GC/M S (Wallace
et al., 1982, 1984). Quantification of 1,1-DCE in food
(Gilbert et a., 1980) and body tissues (Lin et al., 1982)
with adetection limit in the 5-10 pg/kg range uses a
headspace technique (Gilbert et al., 1980), purge and
trap, and GC/ECD (Lin et a., 1982) or GC/MS (Easley
et al., 1981; Hiatt, 1983).

4. SOURCES OF HUMAN AND
ENVIRONMENTAL EXPOSURE

1,1-DCE is not known to occur as a natural product.
It is produced commercially by the dehydrochlorination
of 1,1,2-trichloroethane in the presence of excess base or
by thermal decomposition of methyl chloroform (1,1,1-
trichloroethane). 1,1-DCE is used as a captive interme-
diatein the production of hydrochlorofluorocarbons
(HCFC-141b and HCFC-142b), in the production of
chloroacetyl chloride, and in the production of homo-,
co-, and terpolymers (latex and resin) (also known as

PVDC polymers) (W. Stott, personal communication,
2002). These polymers are produced as emulsion
polymers, as solvent-soluble powders for coating
applications, and asresins for extrusion and co-
extrusion. PVDC copolymers containing 79-90% 1,1-
DCE are used to form moisture and vapour barrier
coatings and films, with applications as food packaging
products. PVDC copolymers containing 10-70% 1,1-
DCE are used to improve flame and ignition resistance
propertiesin the final product. Residual 1,1-DCE in

PV DC used for food packaging products typically
ranges from 5 to <1 mg/kg, the limit of detection of the
method. Other consumer products containing PVDC
include PV DC-latex for carpet backing (<2 mg/kg
residual 1,1-DCE), PVDC-latex for Foil Scrim Kraft
(<3mg/kg residual 1,1-DCE), PVDC-latex for photo-
graphic film coating (<100 mg/kg residual 1,1-DCE),
PVDC for flame retardant fibres for clothing and
outdoor awnings (<100 mg/kg residual 1,1-DCE), and
PV DC-fluorinated copolymers for application on textiles
(<100 mg/kg residual 1,1-DCE). Further processing
decreases the residual 1,1-DCE in the final consumer
product.

1,1-DCE can be found in the environment from
release during its manufacture and use; from the break-
down of PVDC products; and from the biotic or abiotic
breakdown of 1,1,1-trichloroethane, tetrachl oroethene,
1,1,2-trichloroethene, and 1,1-dichloroethane. 1,1-DCE
isfrequently found at hazardous waste sites.

In the early 1980s, annual world production was
estimated at 306 000 tonnes (IPCS, 1990). IPCS (1990)
estimated that 1%, or 3000 tonnes, was rel eased to ambi-
ent air. The US EPA (2002c) reported that 74 tonnes
were released to ambient air and 0.06 tonne was rel eased
to surface water in 1999 in the USA. For the period
1988-1999, the average annual release to ambient air
was 99 tonnes and the average annual release to surface
water was 0.39 tonne in the USA (US EPA, 2002c).

5. ENVIRONMENTAL TRANSPORT,
DISTRIBUTION, AND TRANSFORMATION

51 Transformation and distribution

511 Air

The high vapour pressure and low water solubility
of 1,1-DCE favour relatively high concentrationsin the
atmosphere compared with other environmental com-
partments. Atmospheric hydroxy! radicals play a major
rolein the degradation of 1,1-DCE. The rate constant for
the oxidation reaction ranges from 0.8 x 10! to 2.6 x
10" cm®/molecule per second, with an atmospheric



1,1-Dichloroethene (Vinylidene Chloride)

half-life estimated at 16 h (Grosjean, 1991). The major
reaction products are formaldehyde, phosgene, and
hydroxyacetyl chloride. Removal of 1,1-DCE from the
atmosphere by reactions with chlorine atoms, peroxy
radicals, ozone, and nitrate are quantitatively insignifi-
cant, asisremoval by rain droplets or by adsorption on
particulate matter in the atmosphere (IPCS, 1990;
Grosjean, 1991).

5.1.2 Water

Consideration of the physical and chemical proper-
ties of 1,1-DCE indicates that volatilization is the major
transport process from water. The half-life for evapora-
tion of 1,1-DCE (1 g/litre) from a stirred agueous sol u-
tion with adepth of 6.5 cmwas 27.2 min at 20 °C
(Dilling, 1977). The calculated half-life of 1,1-DCE was
6 daysin static pond water and 1 day in mobileriver
water (IPCS, 1990). Photolysis and hydrolysis are not
likely to be significant pathways for removal of 1,1-DCE
from aqueous sol utions.

5.1.3 Soils and sediments

Volatilization is expected to be the major process
for the removal of 1,1-DCE from soils and sediments.
The chemical’ s octanol/water partition coefficient and
solubility in water also suggest that |eaching from soils
to water can occur.

5.2 Biotransformation

MITI (1992) reported no significant biodegradation
in aclosed bhottle test using activated sludge. This test
was conducted according to Organisation for Economic
Co-operation and Development (OECD) Guideline
302C. However, Tabak et al. (1981) measured microbial
degradation of 78% of 1,1-DCE (5 mg/litre) following
7 days of incubation at 25 °C in a static culture flask, in
the dark, with settled domestic wastewater as microbial
inoculum. With subseguent incubations (after adapta-
tion), 100% loss of compound occurred. At 10 mg/litre,
45% losswas found in the first 7 days of incubation.
Volatilization losses over 7 days at 25 °C were 24% and
15% at 5 and 10 mg/litre, respectively.

The biotransformation of 1,1-DCE has been studied
in anaerobic microcosms (Barrio-Lage et al., 1986;
Vogel & McCarty, 1987). The biotransformation first
produces vinyl chloride by reductive dehalogenation,
which is subsequently mineralized to carbon dioxide.
Barrio-Lage et al. (1986) obtained sediment and water
from two different locations in the Florida Everglades.
This material was spiked with 1,1-DCE to 5 mg/litre and
incubated anaerobically at 25 °C in the dark for up to
6 months. In this experiment, 1,1-DCE was consumed
and vinyl chloride was produced. The first-order rate
constant for depletion of 1,1-DCE was 1.67 x 10 %/hin

one microcosm and 3.57 x 10°*/h in the other, indicating
avery slow rate of dehalogenation. Not all of the 1,1-
DCE depleted appeared as vinyl chloride, indicating that
mechanisms of biotransformation other than reductive
dechlorination occur. Glod et al. (1997) presented
evidence for an alternative pathway of biotransformation
involving cobalamin. Cobalaminisinvolved in the
enzymatic reduction of halogenated ethenes by a variety
of anaerobic bacteria. Glod et al. (1997) investigated the
mechanism of the reduction of 1,1-DCE in homogeneous
solutions containing titanium(l11) citrate as the bulk
electron donor. Cob(l)alamin reduced 1,1-DCE to ethene
and ethane in pH-dependent reactions. At pH 7, acetyl-
ene was detected as the magjor intermediate, and only a
minor amount of vinyl chloride was formed. A possible
mechanism involves addition of cob(l)alaminto 1,1-
DCE. The deprotonated form of the R-dichloroethyl
cobalamin then loses a chloride to form a carbene
intermediate, which is transformed into a (3-chlorovinyl
cobalamin by transfer of an a-hydrogen. The 3-chloro-
vinyl cobalamin is converted to acetylene by [-elimina-
tion through a cobalt (111)-p complex. At pH 9, where the
overall reaction was much slower than at pH 7, about
equal amounts of vinyl chloride and ethene were formed
simultaneously. The formation of vinyl chloride at pH 9
possibly involvestwo different pathways. Thefirst
pathway involves 3-elimination of a chloride from 3-
dichloroethyl cobalamin with acobalt (111)-p complex as
an intermediate. The second pathway involves a dissoci-
ative electron transfer yielding achlorovinyl radical as
the intermediate.

Dolan & McCarty (1995) studied the aerobic bio-
transformation of 1,1-DCE using a mixed methano-
trophic cultureisolated from a US Superfund site. The
initial oxidation of 1,1-DCE is believed to be catalysed
by methane monooxygenase, which has a broad sub-
strate specificity. The degradation of 1,1-DCE stopped
after the first few hours due to the toxicity of the
metabolites of 1,1-DCE, most likely the epoxide or an
acyl chloride.

5.3 Bioaccumulation

Bioaccumulation is expected to be low based on the
octanol/water partition coefficient and water solubility of
1,1-DCE. A bioconcentration factor of 4 and a bioaccu-
mulation factor of 6.9 were reported for fish (Atri,

1985). A bioaccumulation factor of less than 13 was
reported for common carp (Cyprinus carpio) (MITI,
1992).
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6. ENVIRONMENTAL LEVELS AND
HUMAN EXPOSURE

6.1 Environmental levels

6.1.1  Air

Singh et al. (1981) and Brodzinski & Singh (1983)
reported data on 1,1-DCE in ambient air in 30 US loca-
tions, and Guicherit & Schulting (1985) measured 1,1-
DCE in ambient air at three sitesin the Netherlands. All
three data sets are consistent and indicate typical mean
values of 20-120 pg/n? and maxima of 40-560 pg/nt.
Measurements taken in industrial areas near sources of
1,1-DCE in these studies yielded a much higher mean
value of 120 x 10° pg/n? and a maximum of 270 x
10° ug/n?. US EPA (1985) reported mean values of
0.02 pg/n? in non-industrial areas and 8.7 pg/nt in
industrial areas. US EPA (2002a) compiled ambient air
quality datafrom 1982 to 2001 for 1,1-DCE at locations
throughout the USA. The data for 2001 provide the
arithmetic mean of the samples collected from 87 indi-
vidual locations. The range in the arithmetic mean
values for these |ocations was 0.004—4 pg/nt.*

6.1.2 Water

Of the 439 hazardous waste sites in the USA with
detections of 1,1-DCE, 186 sites reported quantitative
information on the concentration of 1,1-DCE in water
(USEPA, 2002b). The mean maximum detected con-
centration in water was 2 mg/litre.

Hallbourg et al. (1992) investigated the occurrence
of 1,1-DCE in groundwater and surface water near three
municipal landfillsin Florida, USA, using a method with
adetection limit of 1 pg/litre. 1,1-DCE was not detected
in any surface water or in any well near two of the land-
fills. At the third landfill, 1,1-DCE was not detected in
two wells, but was detected in athird well at 24.4 pg/li-
tre.

Y amamoto et al. (1997) determined the concentra-
tion of 1,1-DCE in surface water from 30 sitesin Osaka,
Japan, using a method with a detection limit of 0.4 pg/li-
tre. 1,1-DCE was detected in only 3 of 136 samples. The
maximum concentration found was 1 pg/litre.

Stangroom et al. (1998) reported on the occurrence
of 1,1-DCE in 1995 from data collected by the National
Centre for Toxic and Persistent Substancesin the United
Kingdom. 1,1-DCE was detected in 4% of industrial
effluentsin England and Wales at a mean concentration
of 0.67 pg/litre.

1 The upper end of the range of the mean concentration was
used in the sample risk characterization in section 11.

6.1.3 Sewage sludge

Wilson et al. (1994) reported on the occurrence of
1,1-DCE in digested sewage sludge from 12 locations
(rural, urban, and industrial) in northwest England. The
mean concentration of 1,1-DCE was 7.97 mg/kg dry
weight (range 1.92-16.6 mg/kg dry weight).

6.1.4  Soil

Of the 439 hazardous waste sites in the USA with
detections of 1,1-DCE, 45 reported quantitative informa-
tion on the concentration of 1,1-DCE in soil (US EPA,
2002b). The mean maximum detected concentration in
soil was 90 mg/kg.

6.2 Human exposure

For the general population, potential sources of
exposure to 1,1-DCE include breathing contaminated air,
drinking contaminated water, dermal contact with
contaminated water, and eating contaminated food.

Wallace et a. (1986) reported a 5-year US EPA
study in urban populations of personal exposuresto 1,1-
DCE from air. Among the 400 participants, 1,1-DCE
was detected only occasionally in personal air sasmples at
levels exceeding 1 pg/nt based on a 24-h average. No
recent data were located.

Storm (1994) summarized the results of monitoring
drinking-water sourcesin California, USA, from 1984 to
1992 using a method with a detection limit of 0.1 pg/li-
tre. Of 11 686 sources sampled, 120 contained 1,1-DCE
with a mean concentration of 2.45 pg/litre (based on
1437 individual samples from the 120 sources).?

Biziuket al. (1996) investigated the occurrence
of 1,1-DCE in the drinking-water of the Gdansk district
of Poland using a method with a detection limit of
0.01 pg/litre. 1,1-DCE was not detected in the 22 sam-
ples analysed.

Chung et al. (1997) reported on the occurrence of
1,1-DCE in raw water, treated water, and tap water from
1993 to 1995 in water supplies from six citiesin Korea
(Seoul, Pusan, Taegu, Tagjon, Kwangju, and Inchon)
using a method with a detection limit of 0.012 pg/litre.
The mean concentration of 1,1-DCE in raw water and
treated water at the treatment plants and in tap water
from individual households was 0.012, 0.022, and
0.019 pgl/litre, respectively.

2 The results of this study were used in the sample risk
characterization in section 11.
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No reliable data are available to estimate the expo-
sure from food. However, this source is expected to be
negligible.

In the workplace, Ott (1976) reported arange of 20—
280 mg/n? for 1,1-DCE in a fibre production facility.
These data were collected in 1960 and 1965. US EPA
(1985) reported levels of 1,1-DCE in monomer and
polymer plants of 90-100 pg/n? and 25-50 pg/n?,
respectively. No recent data were located.

7. COMPARATIVE KINETICS AND
METABOLISM IN LABORATORY ANIMALS
AND HUMANS

1,1-DCE israpidly absorbed following inhal ation
and oral exposures. Because of itslow relative molecular
mass and hydrophobic nature, dermal absorption is also
likely, but there are no relevant published data. In rats
treated with 1,1-DCE by gavage in corn oil, complete
gastrointestinal absorption occurs at =350 mg/kg body
weight (Jones & Hathway, 1978a,b; Putcha et al., 1986).
1,1-DCE is easily transported across the alveolar
membrane. At a concentration of 600 mg/nt and below
ininspired air, equilibrium or near steady stateis
reached in the blood in rats in approximately 45 min
(Dallaset a., 1983). Continued uptake in rats reflects to
some extent continuing deposition in fatty tissues, but is
primarily aresult of metabolism of 1,1-DCE.

The major route of excretion for unchanged 1,1-
DCE isthrough the lungs (Jones & Hathway, 1978a).
The majority of the 1,1-DCE, however, israpidly
metabolized to non-volatile compounds and covalently
bound derivatives (McKennaet a., 1978a,b). In both
animal and human tissue, CY P2E1 catalysesthe initial
oxidation of 1,1-DCE (Dowsley et a., 1996). The
covalent binding and cellular damage in kidney, lung,
and liver correlate with the high concentration of
CYP2E1 in certain cell populationsin these tissues
(Forkert, 2001). Mice metabolize more 1,1-DCE than
rats. For example, when given 50 mg/kg body weight by
oral gavage in corn oil, mice excrete 6% and rats excrete
28% of the dose as unchanged 1,1-DCE through the
lungs (Jones & Hathway, 1978b). When exposed to
40 mg/nt by inhalation for a single 6-h period, mice
excrete 0.65% and rats excrete 1.63% of the absorbed
dose as unchanged 1,1-DCE through the lungs
(McKennaet al., 1977). Intraperitoneal administration
of [**C]1,1-DCE at 125 mg/kg body weight to mice
resulted in the highest concentrations of covalent
binding (based on protein content) in the kidney, lung,
and liver (Okine et a., 1985; Okine & Gram, 1986a,b).

The metabolic pathways are summarized in Figure
1. These pathways were determined from experimental
studiesin laboratory animals. It is not known if the
metabolism of 1,1-DCE is the same in humans, although
invitro microsomal preparations from human liver and
lung form the same initial products (Dowsley et a.,
1999).

The primary metabolites of 1,1-DCE formed in rat
hepatic microsomal incubations are DCE-epoxide, 2,2-
dichloroacetaldehyde, and 2-chloroacetyl chloride
(Costa & Ivanetich, 1982, 1984, Liebler et al., 1985,
1988). These metabolites were also identified from
mouse microsomal incubations (Dowsley et al., 1995).
All these electrophilic metabolites undergo secondary
reactions, including oxidation, conjugation with GSH,
and hydrolysis. The mgjor products formed are GSH
conjugates, 2-(S-glutathionyl)acetyl glutathione[B] and
2-S-glutathionyl acetate [C], that are believed to be
derived from the DCE-epoxide (Fig. 1). S-(2,2-Dichloro-
1-hydroxy)ethyl glutathione [A], the GSH conjugate
formed from reaction of GSH with 2,2-dichloroacetal -
dehyde, was not observed in liver microsomal incuba-
tions containing GSH (Dowsley et al., 1995). The acetal,
together with chloroacetic acid and S-(2-chloroacetyl)-
glutathione [D], the hydrolysis and GSH-conjugated
products of 2-chloroacetyl chloride, respectively, were
detected at levels much lower than those of the DCE-
epoxide-derived conjugates [B] and [C]. In human liver
and lung microsomal incubations (Dowsley et al., 1999),
the DCE-epoxide-derived GSH conjugates[B] and [C]
were the magjor metabolites detected. 2,2-Dichloroacetal-
dehyde was detected at low levels. Liver microsomes
from three out of five human samples metabolized 1,1-
DCE to the epoxide-derived GSH conjugates at levels
that were 2.5- to 3-fold higher than those in mouse liver
microsomes, based on GSH conjugate formed per
milligram of microsomal protein. These GSH conjugates
were also the major products formed in lung microsomes
from eight human samples; only low levels of 2,2-
dichloroacetaldehyde were formed. The mean level of
GSH conjugates formed by lung microsomes from
humans was about 50% of the amount formed by lung
microsomes from mice.

The significance of the metabolic pathway in the
liver involving 2,2-dichloroacetaldehydeis unclear.
Existing evidence, however, suggests that this pathway
is of minor toxicological importance. In addition to 2,2-
dichloroacetaldehyde and the GSH conjugate, other
potential metabolites include the acetal (the hydration
product of the aldehyde), dichloroacetic acid, and
dichloroethanol. Aninitial study with rat liver micro-
somes found atrace level of 2,2-dichloroacetaldehyde
but no detectabl e dichloroacetic acid (Costa & |vanetich,
1982). A later report using isolated rat hepatocytes
detected dichloroacetic acid and trace levels of 2,2-
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Fig. 1: Pathways for 1,1-dichloroethene metabolism and toxicity (see text for details).

dichloroacetaldehyde, 2,2-dichloroethanol, and chloro-
acetic acid (Costa & lvanetich, 1984). Forkert (1999a)
and Forkert & Boyd (2001), using intact mice, found no
acetal in liver cytosol. However, the acetal was detected
in the bile in one study (Forkert, 1999a) but not men-
tioned as being found in the bile in the other study
(Forkert & Boyd, 2001). In early studies on the metab-
olism of 1,1-DCE, none of the potential metabolites
from this pathway was reported as being found in the
urine of rodents using techniques that readily identified
chloroacetic acid (McKenna et al., 1977, 1978a,b; Jones
& Hathway, 1978a,b). A pharmacokinetic analysis
showed that any dichloroacetic acid formed in the liver
israpidly metabolized in the liver to two-carbon, non-
chlorinated chemicals and carbon dioxide (Merdink et
al., 1998).

The oxidative metabolism of 1,1-DCE reaches
saturation in rats at an oral exposure of 10-50 mg/kg
body weight and an inhal ation exposure of 790 mg/n?
(McKennaet al., 1977; Andersen et a., 1979; Dallas et
a., 1983; D’ Souza & Andersen, 1988).

Because 1,1-DCE is lipophilic and has a blood-to-
air partition coefficient of 5in rats (D’ Souza & Ander-
sen, 1988), any 1,1-DCE not metabolized following oral
or inhalation exposureisrapidly exhaled unchanged
when exposure is terminated. Based on its|ow octanol/
water partition coefficient, 1,1-DCE will not bioaccu-
mulate in tissues to any significant extent.

10

D’ Souza & Andersen (1988) devel oped physio-
logically based pharmacokinetic (PBPK) modelsfor 1,1-
DCE in therat for both oral and inhalation exposure. No
validated model is available for humans. D’ Souza &
Andersen (1988) used allometric scaling to estimate
comparative amounts of epoxide formed (mg/kg body
weight) in rats and humans. Cardiac output and
pulmonary ventilation were scaled by (body weight)®”,
Vimax Was scaled by (body weight)®™, and body fat was
estimated at 7% in the 200-g rat and 20% in the 70-kg
human. When the oral exposure was less than 5 mg/kg
body weight, the estimated amount of epoxide formed
was about the same in rats and humans. When the inhal -
ation exposure was less than 400 mg/n?, the estimated
amount of epoxide formed was 5-fold lower in humans
thaninrats.

El-Masri et al. (1996a,b) used a combination of gas
uptake experiments in Sprague-Dawley rats and PBPK
modelling to assess the potential for interaction between
1,1-DCE and trichloroethene. Both substrates are
activated by CYP2EL. Thus, thereis apotential for
competitive inhibition when simultaneous exposure to
both substrates occurs. The results of the gas uptake
experiments confirmed a model based on competitive
inhibition. There was, however, no evidence of com-
petitive inhibition when exposure to both substrates was
400 mg/n? or less. As environmental exposures to these
chemicals are expected to be below 400 mg/n?, thereis
little potential for reduced toxicity from 1,1-DCE when
individuals are also exposed to trichloroethene.
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8. EFFECTS ON LABORATORY MAMMALS
AND IN VITRO TEST SYSTEMS

8.1 Single exposure

Mice are more sensitive than rats to the acute
toxicity of 1,1-DCE. Toxicity is enhanced by fasting
(Jaeger et al., 1974, 1975, 1977a,b; Andersen & Jenkins,
1977; McKennaet a., 1978a,b; Chieco et al., 1981,
Moslen et al., 1985), GSH depletion (Jaeger et al., 1974,
1977b; Andersen et a., 1980; Kanz et al., 1988; Moussa
and Forkert, 1992), or vehiclesthat promote rapid oral
absorption — for example, aqueous Tween versus
mineral or corn oil (Chieco et al., 1981). Toxicity is
decreased by agents that decrease metabolism by the
cytochrome P450 system (Andersen et al., 1978; Moslen
et al., 1989) or hypothyroidism, which increasesintra-
cellular GSH (Kanz et al., 1991).

The National Toxicology Program (NTP, 1982)
conducted studies to determine lethality in five male and
five female F344 rats (9 weeks old) and in five male and
five female B6C3F; mice (9 weeks old) after asingle
exposure to 1,1-DCE by gavagein corn oil at 0, 10, 50,
100, 500, or 1000 mg/kg body weight. Animals were
observed for 14 days. Mortality was 0/10, 1/10, 0/10,
0/10, 1/10, and 2/10 in rats and 0/10, 0/10, 1/10, 0/10,
8/10, and 10/10 in mice at 0, 10, 50, 100, 500, and 1000
mg/kg body weight, respectively. NTP did not calcul ate
an LDsq for either species or report clinical signs of
toxicity.

Representative oral LDsgsand inhalation LCsgs are
summarized in Table 1. Clinical signs of toxicity were
not reported in these studies.

Thetarget organs for toxicity after acute oral or
inhalation exposure are the liver, the kidney, and the
Claracellsof thelung. The effectsin theliver include an
increasein liver enzymesin the serum (Jenkinset al.,
1972; Jaeger, 1977; Jenkins & Andersen, 1978;
Reynolds et al., 1980), severe histopathol ogical damage,
including disruption of bile canaliculi, cytoplasmic
vacuolization, and haemorrhagic necrosis (Reynolds et
a., 1984; Kanz & Reynolds, 1986), an increasein
covalent binding of 1,1-DCE (Jaeger et a., 1977a,b;
Forkert & Moussa, 1991, 1993), and a decrease in GSH
(Reichert et a., 1978, 1979; Kanz et al., 1988; Forkert &
Moussa, 1991, 1993) mediated by CY P2E1 metabolism
of 1,1-DCE to intermediates that react with GSH (Kainz
et al., 1993; Lee & Forkert, 1995). Details of these
studies are reported in US EPA (2002d).

Toxic effects of 1,1-DCE exposure in the kidney

include increased kidney weight, increased blood urea
nitrogen and creatinine (Jenkins & Andersen, 1978;

1

Jackson & Conolly, 1985), and histopathol ogical
changes, including vacuolization, tubular dilatation, and
necrosis of the proximal tubules (Jenkins & Andersen,
1978; Jackson & Conolly, 1985). These changes are
correlated with metabolic activation of 1,1-DCE by

CY P2E1 in the proximal tubules, decreased GSH
concentration, increased covalent binding of 1,1-DCE,
and the presence of arelatively high concentration of 3-
lyase activity in kidney tissue (Dekant et al., 1989;
Brittebo et al., 1993; Dekant, 1996). In addition, renal
toxicity can beinhibited by pretreatment of animals with
aminooxyacetic acid, an inhibitor of renal cysteinyl-3-
lyase (Ban et al., 1995; Cavelier et al., 1996).

The effectsin the Claracells of the lung include
extensive histopathological changes (Forkert &
Reynolds, 1982; Forkert et al., 1985, 1990), repair of
damage through cell proliferation (Forkert et a., 1985),
depletion of GSH, and covalent binding of 1,1-DCE
mediated through the formation of DCE-epoxide by
CYP2E1 (Forkert & Moussa, 1991; Moussa & Forkert,
1992; Lee & Forkert, 1995; Dowsley et a., 1996;
Forkert, 1999b). Details of these studies are reported in
US EPA (2002d).

8.2 Skin sensitization

Warbrick et al. (2001) tested the ability of 1,1-DCE
to cause skin sensitization using the local lymph node
assay. 1,1-DCE was dissolved in acetone:olive il (4:1
v/v) to give a 0%, 10%, 25%, or 50% concentration.
Groups of mice (n = 4) were exposed topically on the
dorsum of both earsto 25 pl of the test solution daily for
3 consecutive days. Five hours after the injection of
[*H]methyl thymidine, the mice were sacrificed. The
draining auricular lymph nodes were excised and tested
for incorporation of [*H]thymidine. 1,1-DCE failed to
elicit apositive response at any concentration tested.

8.3 Short-term exposure

8.3.1 Oral

NTP (1982) conducted a 14-day study in male and
female F344 rats (five animals of each sex, 9 weeks old)
administered 1,1-DCE by gavagein corn oil. Survival
was 10/10, 10/10, 10/10, 10/10, 7/10, and 3/10 at O, 10,
50, 100, 500, and 1000 mg/kg body weight per day,
respectively. Mean body weight was significantly
depressed at 500 mg/kg body weight per day and above.
Haemorrhagic necrosisin the liver was observed in all of
therats that died at 500 and 1000 mg/kg body weight per
day. NTP did not report clinical signs of toxicity.

NTP (1982) conducted a 14-day study in male and
female B6C3F; mice (five of each sex, 9 weeks old)
administered 1,1-DCE by gavagein corn oil. Survival
was 10/10, 10/10, 10/10, 10/10, 10/10, and 0/10 at O, 10,
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Table 1: Summary of oral LDsps and inhalation LCses for exposure of rats and mice to 1,1-dichloroethene.

Species Dose/exposure Effect Reference
Oral
Rat (male) 1550 mg/kg body weight per day LDso Jenkins et al., 1972
Rat (male) 1800 mg/kg body weight per day LDso Ponomarkov & Tomatis, 1980
Rat (female) 1500 mg/kg body weight per day LDso Ponomarkov & Tomatis, 1980
Mouse (male) 217 mg/kg body weight per day LDso Jones & Hathway, 1978b
Mouse (female) 194 mg/kg body weight per day LDso Jones & Hathway, 1978b
Inhalation
Rat (male, fed) 25000 mg/m3 /4h LCso Siegeletal., 1971
Rat (male, fasted) 800 mg/m3 /4.1h LTs0® Andersen etal., 1978

1600 mg/m3/3.6 h

2000 mg/m®/3.0h

4000 mg/m®/2.4h

8000mg/m®/1.4h
Mouse (male) 390 mg/m3 /22-23 h LCso Shortetal., 1977c
Mouse (female) 420 mg/m3 /22-23h LCso Shortetal., 1977c

# LTso values are times taken for 50% mortality following exposure at the concentrations indicated.

50, 100, 500, and 1000 mg/kg body weight per day,
respectively. Haemorrhagic necrosisin the liver was
observed in al mice at 1000 mg/kg body weight per day.
NTP did not report clinical signs of toxicity.

8.3.2 Inhalation

Prendergast et al. (1967) evaluated the toxicity of
1,1-DCE in Long-Evans and Sprague-Dawley rats,
Hartley guinea-pigs, beagle dogs, New Zealand albino
rabbits, and squirrel monkeys. The test animals (15 rats
per group, 15 guinea-pigs per group, 3 rabbits per group,
2 dogs per group, and 3 monkeys per group) were
exposed to 1,1-DCE vapours for 8 h/day, 5 days/week,
for atotal of 30 exposures at 395 + 32 mg/n¥. The age
of the animals was not specified. The exposed animals
were evaluated for visible signs of toxicity, mortality,
and haematol ogical, pathological, and body weight
changes. In this study, there were no deaths, no visible
signs of toxicity, and no haematological or histopatho-
logical changes attributed to exposureto 1,1-DCE.
Rabbits and monkeys lost weight (3.6% and 5.9%,
respectively). The no-observed-adverse-effect level
(NOAEL) in this study is 395 mg/nt (the highest
exposure tested), equivalent to an adjusted NOAEL
based on continuous exposure of 94 mg/nt.

Plummer et al. (1990) exposed black hooded Wistar
ratsto 1,1-DCE at 1000 mg/n? for 6 h/day, 5 days/week,
for 4 weeks (six males and six females, age not
specified) or continuously at 200 mg/n? for 4 weeks
(except for two 1.5-h periods per week) (18 males and
18 females, age not specified). The total exposure
(concentration x time) was nearly the same for the two
profiles (132 000 mg/n¥-h for the continuous exposure
and 120 000 mg/n?-h for the intermittent exposure).

Animalsin the intermittent exposure group showed signs
of early coagulative necrosisin theliver (incidence not
reported). Animals (11/12) in the continuous exposure
group showed less severe injury, including fatty changes
in variable numbers of hepatocytes and only very
occasional focal liver cell necrosis. The lowest-
observed-adverse-effect level (LOAEL) inthisstudy is
200 mg/n?.

8.4 Medium-term exposure

8.4.1 Oral

NTP (1982) conducted a study in male and female
F344 rats (10 of each sex, 9 weeks old) administered
1,1-DCE by gavagein corn oil at 0, 5, 15, 40, 100, or
250 mg/kg body weight per day. Animals were exposed
5 times per week for 13 weeks. Representative tissues
(skin, lung and bronchi, trachea, bone and bone marrow,
spleen, lymph nodes, heart, salivary gland, liver,
pancreas, stomach, small intestine, large intestine,
kidneys, urinary bladder, pituitary, adrenal, thyroid,
parathyroid, mammary gland, prostate and seminal
vesicles or uterus, testis or ovary, brain, thymus, larynx,
and oesophagus) from animals receiving 250 mg/kg
body weight per day and from control animals were
examined microscopically. Liversfrom all groups were
examined. Three female rats receiving 250 mg/kg body
weight per day died during the first week of the study.
No other rats died. The mean body weight was depressed
13% for male rats receiving 250 mg/kg body weight per
day compared with controls. Mean body weight in other
groups was comparable. Only the liver showed effects
attributed to 1,1-DCE. At 250 mg/kg body weight per
day, the three femal e rats that died showed severe
centrilobular necrosis. Minimal to moderate



1,1-Dichloroethene (Vinylidene Chloride)

hepatocytomegaly was seen in therest of the rats at
250 mg/kg body weight per day. Minimal to mild
hepatocytomegaly was seen in 6/10 male rats and 3/10
female rats that received 100 mg/kg body weight per
day. No hiologically significant changes were observed
in rats that received 40 mg/kg body weight per day or
below. The NOAEL in this study is 40 mg/kg body
weight per day (equivalent to 28.6 mg/kg body weight
per day after adjusting for 5 days/week exposure); the
LOAEL is 100 mg/kg body weight per day (equivalent
to 71.4 mg/kg body weight per day after adjusting for
5days/week exposure).

NTP (1982) conducted a study in male and female
B6C3F; mice (10 of each sex, 9 weeks old) administered
1,1-DCE by gavagein corn ail at 0, 5, 15, 40, 100, or
250 mg/kg body weight per day. Animals were exposed
5 times per week for 13 weeks. Representative tissues
(see above paragraph) from mice receiving 100 and
250 mg/kg body weight per day and from control
animals were examined microscopically. Livers from al
groups were also examined. Survival was 10/10, 10/10,
10/10, 9/10, 8/10, and 0/10 in males and 10/10, 9/10,
9/10, 10/10, 7/10, and /10 in females at 0, 5, 15, 40,
100, and 250 mg/kg body weight per day, respectively.
At 100 mg/kg body weight per day, there was a decrease
in mean body weight in males (14%) but not females.
No biologically significant change in mean body weight
was observed at |lower exposures. Only the liver showed
effects attributed to 1,1-DCE. Centrilobular necrosis of
the liver was observed in 5/10 males and 5/10 females
that received 250 mg/kg body weight per day and 2/10
males and 2/10 females that received 100 mg/kg body
weight per day. No biologically significant changesin
the liver occurred in mice receiving 40 mg/kg body
weight per day or below. The NOAEL in thisstudy is
40 mg/kg body weight per day (equivalent to 28.6 mg/kg
body weight per day after adjusting for 5 days/week
exposure); the LOAEL is 100 mg/kg body weight per
day (equivalent to 71.4 mg/kg body weight per day after
adjusting for 5 days/week exposure).

Quast et al. (1983) conducted a study in beagle dogs
(four per group, 8 months old) administered 1,1-DCE by
gavage in peanut oil at 0, 6.25, 12.5, or 25 mg/kg body
weight per day for 97 days. There were no significant
differences among any groups in appearance and
demeanour, mortality, body weight, food consumption,
haematology, urinalysis, clinical chemistry determina-
tions, organ weights, and organ-to-body-weight ratios.
No exposure-related gross or histopathological changes
were present in tissues. There was no depletion of the
non-protein sulfhydryl levelsin the liver or kidneys.
The no-observed-effect level (NOEL) inthisstudy is
25 mg/kg body weight per day (the highest exposure
tested).
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8.4.2 Inhalation

Prendergast et al. (1967) evaluated the toxicity of
1,1-DCE in Long-Evans or Sprague-Dawley rats,
Hartley guinea-pigs, beagle dogs, New Zealand albino
rabbits, and squirrel monkeys. The test animals (15 rats
per group, 15 guinea-pigs per group, 3 rabbits per group,
2 dogs per group, and 3 or 9 monkeys per group) were
exposed continuously for 90 daysto 1,1-DCE vapours at
20+ 2.1, 61+ 5.7, 101 + 4.4, or 189 + 6.2 mg/nT. The
concurrent controls included 304 rats, 314 guinea-pigs,
48 rabbits, 34 dogs, and 57 monkeys. The age of the
animals was not specified. The exposed animals were
evaluated for visible signs of toxicity, mortality, and
haematol ogical, biochemical, pathological, and body
weight changes. There was apparent exposure-related
mortality in guinea-pigs and monkeys. Mortality was
2/314, 2/45, 3/15, 3/15, and 7/15 in guinea-pigs and
1/57, 1/21, 0/9, 2/3, and 3/9 in monkeysin the O, 20, 61,
101, or 189 mg/n? exposure groups, respectively. The
guinea-pigs died on the 3rd and 4th days of exposure,
between the 3rd and 6th days of exposure, and between
the 4th and 9th days of exposurein the 61, 101, and
189 mg/nt groups, respectively. The monkeys died on
days 39 and 47 and on days 26, 60, and 64 in the 101
and 189 mg/n? groups, respectively. There were no
visible signs of toxicity in any surviving animals.
Because visible signs of toxicity were not observed and
only non-life-threatening liver damage is apparent in this
study (see below), the mortality datain guinea-pigs and
monkeys are given no weight. Varying degrees of
growth depression were found in all exposures, but
growth depression was significant in all speciesonly at
189 mg/n?. The test animals exhibited no significant
haematol ogical alterations, and serum ureanitrogen
levels were within control limitsin all exposuresin
which determinations were made. Significant elevations
of serum glutamic—pyruvic transaminase and liver
akaline phosphatase activities were found in rats (a 3-
fold and 1.75-fold increase, respectively) and guinea-
pigs (a 7-fold and 2.4-fold increase, respectively)
exposed to 189 mg/n? (other species not tested), but not
at 20 mg/n? (enzyme levels at intermediate exposures
not tested). Histopathol ogical examination of liver from
dogs, monkeys, and rats revealed damage at 189 mg/n?
(other species not examined). The effects observed
included fatty metamorphosis, focal necrosis, haemo-
siderosis deposition, lymphocytic infiltration, bile duct
proliferation, and fibrosis. The changes were most
severe in dogs. Sections of kidney from all rats showed
nuclear hypertrophy of the tubular epithelium. No
detectable liver or kidney damage was observed in any
species exposed to 101 mg/n? or less. The NOAEL in
this study is 101 mg/n?; the LOAEL is 189 mg/n¥.
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8.5 Long-term exposure and
carcinogenicity
851 Oral

Bioassays for cancer by the oral route of exposure
have been conducted in rats (Ponomarkov & Tomatis,
1980; NTP, 1982; Quast €t al., 1983; Maltoni et al.,
1985), mice (NTP, 1982), and trout (Hendrickset al.,
1995). Some of these bioassays were conducted at an
exposure below the maximum tolerated dose. The
bioassay conducted by Maltoni et al. (1985) exposed the
animalsfor only 1 year. The bioassay in rats (Quast et
a., 1983) and the bioassay in mice (NTP, 1982) were
well conducted, and both showed some toxicity in the
liver at the highest exposure. Neither of these bioassays
provides any significant evidencethat 1,1-DCE isa
carcinogen by the oral route of exposure.

Quast et al. (1983) summarized the results of a 2-
year chronic toxicity and carcinogenicity study of 1,1-
DCE conducted in Sprague-Dawley rats (6—7 weeks
old). Humiston et al. (1978) reported detailed data from
the study. There were 80 rats of each sex in the control
group and 48 rats of each sex in each exposed group.
The 1,1-DCE was incorporated in the drinking-water of
the rats at nominal concentrations of 0, 50, 100, or
200mg/litre. The time-weighted average exposure over
the 2-year period was 7, 10, and 20 mg/kg body weight
per day for males and 9, 14, and 30 mg/kg body weight
per day for females. There were no significant differ-
ences among the groupsin appearance and demeanour,
mortality, body weight, food consumption, water con-
sumption, haematology, urinalysis, clinical chemistry
determinations, organ weights, or organ-to-body-weight
ratios. After 1 year on study, there was no depletion of
the non-protein sulfhydryl levelsin the liver or the
kidneys (Rampy et al., 1977). The only treatment-related
effect observed in rats was minimal hepatocellular mid-
zonal fatty change and hepatocellular swelling. In the
mal e rats at the termination of the study, there was an
increased incidence of minimal hepatocellular fatty
change (control, 14/80; 50 mg/litre, 5/48; 100 mg/litre,
13/48; 200 mg/litre, 19/47) and minimal hepatocellular
swelling (control, 0/80; 50 mg/litre, 1/48; 100 mg/litre,
2/48; 200 mg/litre, 3/47). The changes were statistically
significant (P < 0.05) only in the 200 mg/litre group. In
female rats at the termination of the study, there was an
increased incidence of minimal hepatocellular fatty
change (control, 10/80; 50 mg/litre, 12/48; 100 mg/litre,
14/48; 200 mgl/litre, 22/48; statistically significant [P <
0.05] at 100 and 200 mg/litre) and minimal hepatocellu-
lar swelling (control, 3/80; 50 mg/litre, 7/48; 100 mg/li-
tre, 11/48; 200 mg/litre, 20/48; statistically significant
[P <0.05] inall groups). No hepatocellular necrosis was
evident at any exposure. In addition, there was no
changein liver weight, no changein clinical chemistry
measurements diagnostic for liver damage, and no other
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indication of abnormal liver function. Based on the
minimal nature of the hepatocellular swelling reported
by the authors, this effect is not considered biologically
significant and is not an adverse effect in this study. The
statistically significant hepatocellular mid-zonal fatty
change, however, is considered aminimal adverse effect
in this study. Accordingly, the NOAEL in maleratsis
10 mg/kg body weight per day and the LOAEL is
20 mg/kg body weight per day; the NOAEL in female
ratsis 9 mg/kg body weight per day and the LOAEL is
14 mg/kg body weight per day. The US EPA conducted
aBMD analysisfor the resultsin female rats (Appendix
4). In femalerats, the BM Dy (BMD for a 10% response)
is 6.6 mg/kg body weight per day, and the BMDLyg is
4.6 mg/kg body weight per day.
8.5.2 Inhalation

Bioassays for cancer by the inhalation route of
exposure have been conducted inrats (Lee et al., 1977,
1978; Viola & Caputo, 1977; Hong et al., 1981; Maltoni
et al., 1985; Quast et al., 1986; Cotti et a., 1988), mice
(Leeeta., 1977, 1978; Hong et a., 1981; Maltoni et al.,
1985), and hamsters (Maltoni et a., 1985). None of
these bioassays was conducted by a protocol that meets
current standards. The major defectsin most of these
bioassays include exposure of the animalsfor 1 year and
exposure at |ess than the maximum tolerated dose. The
only bioassay showing some evidence of carcinogenicity
was the study in Swiss-Webster mice (Maltoni et al.,
1985). This study was conducted at or near the maxi-
mum tol erated dose, as animal's exposed at 200 mg/n?
died after afew exposures.

Quast et al. (1986) and Rampy et al. (1977) reported
results from studies that exposed male and female
Sprague-Dawley rats (Spartan substrain, 86 animals per
sex per group) to 1,1-DCE by inhalation 6 h/day,

5 days/week, for up to 18 months. Interim sacrifices
(4-5 animal's per sex per group) occurred at 1, 6, and
12 months. Rats were exposed to 1,1-DCE concentra-
tions of 40 or 160 mg/nT for the first 5 weeks of the
study. Based upon the absence of observable treatment-
related effects among rats sacrificed after 1 month of
exposure, the concentrations were increased to 100 and
300 mg/nt. Exposures were continued at these concen-
trations through the 18th month of the study. The
surviving animals were then held without exposure to
1,1-DCE until 24 months. Cytogenetic evaluations were
performed on a separate group of animals (four per sex)
exposed to 0, 100, or 300 mg/n? for 6 months. There
were no exposure-rel ated changes in mortality, appear-
ance and demeanour, body weight, clinical chemistry
determinations, haematol ogical evaluations, urinalysis,
or cytogenetic evaluation of bone marrow preparations.
Minimal hepatocellular fatty change in the mid-zonal
region of the hepatic |obule was observed in both male
and female rats in the 100 and 300 mg/n? groups at the
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6-month interim sacrifice (male: control, 0/5; 100
mg/n¥, 1/5; 300 mg/nt, 4/5; female: control, 0/5; 100
mg/n¥, 2/5; 300 mg/nt, 4/5). The fatty change was also
observed at the 12-month sacrifice, but there was no
indication of progression of severity (male: control, 0/5;
100 mg/n?, 3/5; 300 mg/nt, 5/5; female: control, 0/5;
100 mg/n?, 5/5; 300 mg/n¥, 5/5). At the 18-month
sacrifice, the incidence of this change was no longer
increased in male rats (control, 0/27; 100 mg/n?, 0/25;
300 mg/n?, 1/27). However, the change persisted in
female rats (control, 0/16; 100 mg/n¥, 6/29; 300 mg/n?,
7/20). In female rats, the fatty change was statistically
significant (P < 0.05) only at the higher exposures.
During the last 6 months of the study, after exposure had
been discontinued, this effect was no longer discernible
(male: control, 0/46; 100 mg/n¥, 1/47; 300 mg/nt, 0/51;
female: control, 0/49; 100 mg/nt, 0/46; 300 mg/n?,
1/48). Although the minimal hepatocellular mid-zonal
fatty changeisreversible and did not result in altered
organ weight, clinical chemistry changes diagnostic for
liver damage, or any obvious decrement in liver func-
tion, the fatty changein liver is considered a minimal
adverse effect. Accordingly, the NOAEL in maleratsin
this study is 300 mg/n? (the highest exposure tested).
The NOAEL infemaleratsin this study is 100 mg/n¥;
the LOAEL is 300 mg/nt. The US EPA conducted a
BMC analysis (Appendix 4). In femalerats, using a
conversion factor of 3.97, the BM G (the BMC for a
10% response) is 59.9 mg/nt and the BMCL g is

38.9 mg/n, equivalent to 6.9 mg/nt adjusted for
continuous exposure (38.9 mg/nT x 6/24 x 5/7).

Maltoni et al. (1985) conducted a carcinogenicity
and toxicity study of 1,1-DCE in Swissmice. Animals
(9 or 16 weeks old) were exposed by inhalation to 0, 40,
or 100 mg/n? for 4 h/day, 4-5 days/week, for 52 weeks.
Groups of animals exposed to 200 mg/n? and higher in
this study showed extreme toxicity after only afew
exposures, causing termination of this portion of the bio-
assay. There were two control groups, one with 180 ani-
mal's (90 of each sex) and the other with 200 animals
(100 of each sex). The 40 mg/n? group had 60 animals
(30 of each sex). There were two groups exposed to
100 mg/nt, one with 60 animals (30 of each sex) and the
other with 240 animals (120 of each sex). Following the
52-week exposure, animals were observed until sponta-
neous desath (total duration 126 weeks). Body weight
was measured every 2 weeks during the 52-week
exposure and every 8 weeks thereafter. Full necropsy
and histopathological examination were performed.
There were no biologically significant changesin body
weight. The exposed animals had a somewhat higher
survival than controls. There was a statistically signifi-
cant increase (P < 0.01) compared with controlsin kid-
ney adenocarcinomas in male mice at 100 mg/n¥, but
not in male mice at 40 mg/n? or in female mice at either
exposure. Asreported in US EPA (1985), the incidence
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was 0/126 (0%), 0/25 (0%), and 28/119 (23.5%) in male
mice in the combined control, 40 mg/nt, and combined
100 mg/n? groups, respectively. Because of the study
design, itisimpossible to assess tumour development in
relation to histopathol ogical changes associated with
typical age-related changesin the kidney. Therewas a
statistically significant increase (P < 0.01) compared
with control in mammary carcinomas in female mice at
both exposures, but there was no clear exposure—
response relationship. As reported in US EPA (1985),
the incidence was 3/185 (1.6%), 6/30 (20%), and 16/148
(11%) in females in the combined control, 40 mg/n¥,
and combined 100 mg/n? groups, respectively. There
was also a statistically significant increase (P < 0.01)
compared with control in pulmonary adenomas in both
exposed groups, but there was no clear exposure—
response relationship. As reported in US EPA (1985),
the incidence was 6/153 (3.9%), 11/28 (39.3%), and
23/141 (16.3%) in males and 6/178 (3.4%), 3/30 (10%),
and 18/147 (12.2%) in femalesin the combined controls,
40 mg/nt, and combined 100 mg/n? groups, respec-
tively. There were no pulmonary carcinomasin any
mice. The incidence data are reported as the number of
tumour-bearing animals compared with the number of
animals alive when the first tumour was observed in that
organ (kidney adenocarcinoma, 55 weeks; mammary
tumour, 27 weeks; pulmonary adenoma, 36 weeks). The
researchers discounted the significance of the mammary
and pulmonary tumours.

85.3 Dermal

Van Duuren et a. (1979) evaluated the carcino-
genicity of 1,1-DCE in male and female non-inbred
Ha:ICR Swiss mice. Carcinogenicity was assessed in
three types of tests: a dermal initiation-promotion assay;
arepeated dermal application assay; and a subcutaneous
injection assay. Vehicle, no-treatment, and positive
control groups were included in the tests. In theinitia-
tion-promotion assay, 1,1-DCE was tested as a tumour-
initiating agent with phorbol myristate acetate as the
promoter. Thirty female mice were treated with 121 mg
1,1-DCE each. A significant increase (P < 0.005) was
observed in skin papillomas (ninein eight mice). In the
repeated dermal application assay, exposures of 40 and
121 mg per mouse were used. 1,1-DCE was applied to
the back of the shaved animals (30 females per dose).
No sarcomas were observed at the treatment site.
Although 19 micein the high-dose group and 12 in the
low-dose group had lung tumours and 2 micein the
high-dose group had stomach tumours, the tumour
incidence at both siteswas not significantly different
from controls (30 lung tumours and 5 stomach tumours).
In the subcutaneous injection assay, the test animals
were given weekly injections of 2 mg of 1,1-DCE. After
548 days on test, none of the animalsinjected with 1,1-
DCE developed sarcomas at the injection site. 1,1-DCE
showed initiating activity in the two-stage
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carcinogenesis experiments but was inactive as awhole-
mouse dermal carcinogen and after subcutaneous
injection.

8.6 Genotoxicity and related end-points

Thereisafairly extensive database on the geno-
toxicity of 1,1-DCE. A complete summary of the results
of genetic toxicity testingisprovidedin Table 2. 1,1-
DCE induced mutations in Salmonella typhimuriumand
Escherichia coli in the presence of an exogenous
metabolic activation system. 1,1-DCE was also weakly
mutagenic in Salmonella typhimuriumTA 100 in the
absence of a metabolic activation system. In Saccharo-
myces cerevisiae, 1,1-DCE induced reverse mutation and
mitotic gene conversionin vitro and in a host-mediated
assay in mice. In asingle study in Saccharomyces
cerevisiae, it induced aneuploidy in the presence and
absence of metabolic activation. Invitro, gene mutations
were increased in mouse lymphoma cells but not in
Chinese hamster lung cells with or without an exogenous
metabolic system. In asingle study, 1,1-DCE induced
sister chromatid exchanges in Chinese hamster lung cells
in the presence of an exogenous metabolic activation
system, but not in its absence. In single studiesin vivo,
1,1-DCE did not induce micronuclei or chromosomal
aberrations in bone marrow or in fetal erythrocytes of
mice or in bone marrow of rats, and it did not induce
dominant lethal mutations in mice or rats. A test for
chromosomal damage in the mouse lymphoma system
has not been conducted.

Reitz et a. (1980) investigated the ability of 1,1-
DCE to cause DNA alkylation, DNA repair, and DNA
replication in liver and kidney of rats and mice. Male
Sprague-Dawley rats (body weight 200-250 g) and male
CD-1 mice (body weight 18-20 g) were exposed by
inhalation for 6 h to 40 or 200 mg/n¥. There was only a
minimal increasein DNA alkylation in both rats and
mice at 200 mg/n¥. Similarly, DNA repair in kidney of
mice was only minimally increased at 200 mg/n¥. How-
ever, tissue damage (kidney nephrosis at 200 mg/n?,
minimal effect at 40 mg/nT), an increase in DNA
replication (7-fold increase in [°H]thymidine incorpora-
tion at 40 mg/n?, 25-fold increase at 200 mg/nY), and an
increase in mitotic figures occurred. There was no
observed histopathological damage or increased DNA
replication in the liver of mice at 40 or 200 mg/n?. In
rats, there was a small increase in DNA replication (2-
fold increase in [®H]thymidine incorporation) in the
kidney but no increasein liver at 40 mg/n?. This assay
was not conducted in rats exposed to 200 mg/n¥.
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8.7 Reproductive toxicity

8.7.1 Effects on fertility

Nitschke et al. (1983) evaluated the reproductive
and developmental toxicity of 1,1-DCE in Sprague-
Dawley rats. Three generations of test animals were
exposed to drinking-water containing nominal 1,1-DCE
concentrations of O (initially 15 males and 30 females),
50, 100, or 200 mg/litre (initially 10 males and
20 females at each exposure). The authors provided no
information on water consumption. This study was a
companion study to Quast et al. (1983), using the same
concentrations of 1,1-DCE in drinking-water. In Quast et
al. (1983), the average exposure for femaleswas 9, 14,
and 30 mg/kg body weight per day. After 100 days of
exposure, the rats were mated. In this three-generation
study, there were no biologically significant changesin
fertility index, average number of pups per litter, average
body weight of pups, or pup survival at any exposure.
Neonatal survival was decreased from concurrent control
valuesin the F, and F3, litters of damsingesting 1,1-
DCE from drinking-water. The survival indices, how-
ever, were within the range of control values for this
strain of ratsin thislaboratory. The authors attributed the
decreased survival index in F, to increased litter size at
birth in dams exposed to 1,1-DCE. The apparent effect
seen in the Fg, litters was not repeated in subsequent
matings of the same adults to produce either the F3y, or
the Fx litters. The authors attributed the decreased
survival inthe Fz, litters as being due to chance. Histo-
pathol ogical examination of tissues of rats exposed to
1,1-DCE in the drinking-water in utero, during lactation,
and post-weaning reveal ed slight hepatocellular fatty
change and an accentuated hepatic lobular pattern of a
reversible nature in the adult rats (data not reported, but
the observation is consistent with that reported by Quast
et al. [1983] in a chronic bioassay). These effects were
observed in the 100 and 200 mg/litre groups in the F;
generation and in al groups of the F, generation. The
authors did not present incidence data or report statistical
analysis. Exposureto 1,1-DCE in drinking-water at
concentrations causing mild, dose-related changesin the
liver did not affect the reproductive capacity of rats
through three generations, which produced six sets of
litters. The NOAEL for reproductive and devel opmental
toxicity in this study is 200 mg/litre for exposure to 1,1-
DCE in drinking-water (the highest exposure tested and
about 30 mg/kg body weight per day).

8.7.2 Developmental toxicity

8.7.2.1 Oral

Murray et al. (1979) evaluated the developmental
toxicity of 1,1-DCE administered in drinking-water at
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Table 2: Genetic and related effects of 1,1-dichloroethene.

Result?

without  With Dose’
Test system MA MA (LED/HID) Reference
S. typhimuriumBA13/BAL13, forward mutation - + 500 Roldan-Arjona et al., 1991
S. typhimuriumTA 100, reverse mutation NT + 2% in air Malaveille et al., 1997
S. typhimuriumTA 100, reverse mutation NT + 5% in air Jones & Hathway, 1978c
S. typhimuriumTA 100, reverse mutation - + 5% in air Simmon & Tardiff, 1978
S. typhimuriumTA 100, reverse mutation + + 5% in air Waskell, 1978
S. typhimuriumTA 100, reverse mutation NT + 2% in air Bartsch et al., 1979
S. typhimuriumTA 100, reverse mutation - + 1500 mg/m3 in air Oesch et al., 1983
S. typhimurium TA 100, reverse mutation ) + 125 Strobel & Grummt, 1987
S. typhimurium TA 104, reverse mutation - - 500 Strobel & Grummt, 1987
S. typhimurium TA 1535, reverse mutation - + 3% in air Badenetal., 1977
S. typhimuriumTA 1535, reverse mutation NT + 5% in air Jones & Hathway, 1978c
S. typhimuriumTA 1535, reverse mutation - + 1500 mg/m3 in air Oesch et al., 1983
S. typhimuriumTA 1537, reverse mutation - +) 1500 mg/m3 in air Oesch et al., 1983
S. typhimuriumTA 98, reverse mutation - + 1500 mg/m3 in air Oesch et al., 1983
S. typhimuriumTA 98, reverse mutation - +) 125 Strobel & Grummt, 1987
S. typhimuriumTA 92, reverse mutation - ) 1500 mg/m3 in air Oesch et al., 1983
S. typhimuriumTA 97, reverse mutation - + 5 Strobel & Grummt, 1987
E. coli K12, forward or reverse mutation - ) 242 Oesch et al., 1983
E. coli WP2 uvrA, reverse mutation - + 1500 mg/m3 in air Oesch et al., 1983
S. cerevisiae D7, gene conversion - + 2910 Bronzetti et al., 1983
S. cerevisiae D7, mitotic gene conversion +¢ - 7300 Koch etal., 1988
S. cerevisiae D7, reverse mutation - + 2910 Bronzetti et al., 1983
S. cerevisiae D7, reverse mutation +¢ + 4876 Koch etal., 1988
S. cerevisiae D61.M, aneuploidy + + 2435 Kochetal., 1988
Gene mutation, Chinese hamster lung V79 - - 10% in air Drevon & Kuroki, 1979
cells, hprt locus in vitro
Gene mutation, Chinese hamster lung V79 - - 10% in air Drevon & Kuroki, 1979
cells, ouabain resistance in vitro
Gene mutation, mouse lymphoma L5178Y ? + 0.16% in air McGregor et al., 1991
cells, tk locus in vitro
Sister chromatid exchange, Chinese hamster - + 75 Sawada et al., 1987
lung in vitro
Chromosomal aberrations, Chinese hamster - NT 2910 Sasaki et al., 1980
DON-6 cells in vitro
Chromosomal aberrations, Chinese hamster - NT 2000 Ishidate, 1983
fibroblast CHL cells in vitro
Chromosomal aberrations, Chinese hamster - + 250 Sawada et al., 1987
lung cells in vitro
Host-mediated assay, S. cerevisiae D7 in CD + NT 100 po x 23 Bronzetti et al., 1981
mouse hosts
Host-mediated assay, S. cerevisiae D7 in CD + NT 400 po x 1 Bronzetti et al., 1981
mouse hosts
Micronucleus test, mouse bone marrow in vivo - 200 po x 1 Sawada et al., 1987
Micronucleus test, mouse fetal erythrocytes in - 100 po x 1 Sawada et al., 1987

vivo

Chromosomal aberrations, Sprague-Dawley
rat bone marrow in vivo

Dominant lethal test, male CD-1 mice
Dominant lethal test, CD rats

- 300 mg/m3 inh, 6 h/day,
5 days/week, 6 months

- 200 mg/m2inh, 6 h/day, 5 days

- 220 mg/m®inh, 6 h/day,
5 days/week, 11 weeks

Rampy et al., 1977

Anderson etal., 1977
Shortetal., 1977b

a

MA, metabolic activation; +, positive; (+), weak positive; —, negative; NT, not tested; ?, inconclusive.
LED, lowest effective dose; HID, highest ineffective dose. In vitro tests, pg/ml; in vivo tests, mg/kg body weight; po, orally; inh, inhalation.

Positive in cells grown in logarithmic phase.
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0 (27 animals) or 200 mg/litre (26 animals) to pregnant
Sprague-Dawley rats (body weight 250 g). Rats were
exposed on gestation days 6-15 at 40 mg/kg body
weight per day. No teratogenic effects were seenin the
embryos using standard techniques for soft and hard
tissue examination, and there was no evidence of
toxicity to the dams or their offspring. The NOEL for
developmental toxicity in this study is 40 mg/kg body
weight per day (the only exposure tested).

Dawson et a. (1993) evaluated the ability of 1,1-
DCE administered in drinking-water at 0.15 or 110
mg/litre to femal e Sprague-Dawley rats (body weight
250 g) to induce fetal cardiac changes. Rats were
administered 110 mg 1,1-DCE/litre for 61 days before
mating or for 48 days before mating and for 20 days
during gestation. Other rats were administered 0.15 mg
1,1-DCHE/litre for 82 days before mating or for 56 days
before mating and for 20 days during gestation. The
damswerekilled on gestational day 22, and the gravid
uterus was removed and examined. There was no effect
on maternal weight gain, average resorption sites (sites
where development began but resorption later occurred),
or average implantation sites (sites that did not appear to
develop beyond implantation and contained a metrial
gland only). There was no increase in the incidence of
cardiac changes when dams were exposed only before
mating. There was, however, a statistically significant
increase (P < 0.01) in the percentage of fetuses with
cardiac changes (atrial septal, mitral valve, and aortic
valve changes) when the dams were exposed before
mating and during gestation. The incidences were
control, 7/232 (3%); 0.15 mg/litre, 14/121 (11.6%); and
110 mgl/litre, 24/184 (13%). This statistical analysis was
based on total occurrence of affected fetuses. Because
the dam, not individual fetuses, was exposed, a nested
statistical analysisis preferred. Such an analysistakes
into account the correlation among fetuses within alitter
and the possible nesting of effects within litters. This
analysis has not been conducted, because all the
necessary data are not available. The study author (B.
Dawson, personal communication, 2001) provided
additional datato resolve typographical errorsinthe
exposure information for each group and to clarify the
number of affected litters and number of fetuses per
litter affected. The exposure doses for dams before and
during pregnancy were 0, 0.02, and 18 mg/kg body
weight per day in the control, 0.15 mg/litre, and
110mg/litre groups, respectively. The numbers of
affected litters were 5/21 (24%), 8/11 (73%), and 13/17
(76%), respectively. The mean numbers of affected
fetuses per litter, only affected litters considered, were
1.40 (13% of the fetusesin thelitter), 1.75 (16% of the
fetusesin thelitter), and 1.85 (17% of the fetusesin the
litter), respectively. The mean numbers of affected
fetuses per litter, all litters considered, were 0.33 (3% of
the fetusesin the litter), 1.27 (12% of the fetusesin the
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litter), and 1.41 (13% of the fetusesin the litter),
respectively.

Dawson et al. (1993) did a much more thorough
evaluation of alterationsin cardiac development thanis
donein standard developmental toxicity testing proto-
cols. Thereis no experience with the background rates or
the functional significance of such alterations from other
studies or laboratories. The incidence of alterationsin
control fetuses (3% of all fetuses, 24% of all litters, and
1.40 affected fetuses per litter) suggests a high back-
ground incidence. The authors report that examinations
were done blind to the treatment group, so the data are
presumed not to be affected by observer bias.

Thereis no demonstrated exposure-response
relationship in Dawson et a. (1993). A 900-fold increase
in exposure did not produce a significant increase in
response in any measure of effect. The cardiac changes
are of questionable biological significance, asno
biologically significant effects on growth or survival
were reported in the three-generation study (Nitschke et
al., 1983). No cardiac effects were reported in a prenatal
developmental study (Murray et al., 1979); however, in
this study, exposureto 1,1-DCE did not occur through-
out pregnancy. The pharmacokinetics of 1,1-DCE make
it biologically implausible that the cardiac changes are
causally associated with exposure. The exposures used
in Dawson et al. (1993) are below the level of saturation
of CYP2El intherat liver. Essentially all of the 1,1-
DCE administered to the dams will be metabolized in
the liver and will react with GSH or macromoleculesin
the liver (see the discussion and referencesin section 7).
Therefore, it is extremely unlikely that any significant
amount of 1,1-DCE or any toxic metabolite will bein
the fetal compartment. CYP2EL is not expressed in fetal
liver, but beginsto be expressed shortly after birth
(Cresteil, 1998). Thereis no information on the
expression of CYP2EL in fetal cardiac tissue. Cardiac
tissue, however, is not generally considered to be a
tissue with significant potential for metabolism of
xenobiotics. For these reasons, it cannot be concluded
that the cardiac changes are caused by exposureto 1,1-
DCE.

8.7.2.2 Inhalation

Short et al. (19774a) evaluated the developmental
toxicity of 1,1-DCE administered by inhalation to preg-
nant CD rats (Charles River). Animals were exposed to
0mg/nt (58 animals), 60 mg/nt (18 animals),
230mg/nt (20 animals), 1200 mg/n? (18 animals), or
1800 mg/n? (18 animals) for 22—23 h/day on gestation
days 6-16. Dams were sacrificed on gestation day 20.
There was maternal toxicity, as shown by severe
maternal weight loss (>28 g per dam) at 60 mg/n? and
higher and by statistically significant maternal mortality
at 230 mg/nT and higher. The mortality was 0/58, 2/18,
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3/20, 4/18, and 7/8 in the control, 60 mg/n¥, 230 mg/n?,
1200 mg/n¥, and 1800 mg/nT groups, respectively.
There was a statistically significant increase in the mean
number of fetuses per litter with hydrocephalus at

60 mg/nt and 230 mg/n?, with malaligned sternebrae at
60 mg/n¥, and with unossified sternebrae at 230 mg/n¥.
Because of the severe maternal toxicity at 60 mg/n’? and
higher, this study is not useful for evaluating develop-
mental toxicity.

Short et al. (1977a) evaluated the devel opmental
toxicity of 1,1-DCE administered by inhalation to
pregnant CD-1 mice (Charles River). Animals were
exposed to 0 mg/nt (65 animals), 60 mg/nt (23 ani-
mals), 120 mg/n? (19 animals), 230 mg/nt (21 animals),
580 mg/nt (18 animals), or 1200 mg/rg (15 animals) for
22-23 hiday on gestation days 6-16. Dams were sacri-
ficed on gestation day 17. At 120 mg/n? and higher,
there was severe fetal toxicity with complete early
resorption of the litters. At 60 mg/n?, there was no
evidence of maternal toxicity, no decrease in fetal body
weight, and no decrease in the percentage of viable
fetuses. At 60 mg/n¥, there was an increase in the mean
number of fetuses per litter with hydrocephalus,
occluded nasal passages, microphthalmia, cleft palate,
small liver, and hydronephrosis. None of these changes,
however, was statistically significant when compared
with controls. Also at 60 mg/n?, there was a statistically
significant increase in the mean number of fetuses with
an unossified incus and with incompletely ossified
sternebrae. This study provides evidence of fetal toxicity
at 60 mg/n?. In this study, the LOAEL for developmen-
tal toxicity is 60 mg/n¥, the lowest exposure tested.

Short et al. (1977a) evaluated the devel opmental
neurotoxicity of 1,1-DCE administered by inhalation to
CD rats (Charles River). Pregnant rats were exposed to
0mg/n? (24 animals), 220 mg/nt (20 animals), or
1100 mg/nT (19 animals) for 22—23 h/day on gestation
days 8-20. There was maternal toxicity at both
exposures, as shown by weight loss of 7 g per dam at
220 mg/n? and 15 g per dam at 1100 mg/n¥, but no
maternal mortality at either exposure. There was com-
plete resorption of three litters at 1100 mg/n¥. After
normal delivery, there was a statistically significant
decrease in average pup weight compared with control at
both exposures on postnatal day 1. The differencein pup
weight between control and exposed groups decreased
with time and disappeared by postnatal day 21. There
was no evidence of developmental neurotoxicity at
either exposure in pupstested at various times from
postnatal day 1 to day 21 in a battery of behavioural
tasks, including surface righting, pivoting, auditory
startle, bar holding, righting in air, visual placing, swim-
ming ability, physical maturation, and activity. This
study shows evidence of maternal and fetal toxicity at
both exposures, but no evidence of developmental
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neurotoxicity at either exposure. Accordingly, the
NOAEL for developmental neurotoxicity inthisstudy is
1100 mg/n?¥, the highest exposure tested.

Murray et al. (1979) evaluated the developmental
toxicity of 1,1-DCE administered by inhalation to
pregnant Sprague-Dawley rats (body weight 250 g).
Animals were exposed to 0 mg/nt (20 or 47 animals),

80 mg/n? (44 animals), 320 mg/nt (30 animals), or
640mg/n? (30 animals) for 7 h/day on gestation days 6—
15. At 80 mg/n?, there was no maternal toxicity and no
effect on embryonal or fetal development. At 320 and
640 mg/nt, there was toxicity to the dams (statistically
significant depression in weight gain at gestation days 6—
9: 45% at 320 mg/nt and 86% at 640 mg/nt). At 320
and 640 mg/n?, there was also a statistically significant
increased incidence of wavy ribs and delayed ossifica-
tion of the skull, regarded as an embryotoxic effect. Both
effects were more severe at 640 mg/n?. No teratogenic
effects were seen at any exposure. The NOAEL for
developmental toxicity in this study is 80 mg/n?.

Murray et al. (1979) evaluated the developmental
toxicity of 1,1-DCE administered by inhalation to New
Zealand White rabbits (body weight 3.4—4.7 kg).
Animals were exposed to 0 mg/nt (16 animals),
320mg/nt (22 animals), or 640 mg/nt (18 animals) for
7 h/day on gestation days 6-18. At 320 mg/n?, there was
no maternal toxicity and no effect on embryonal or fetal
development. Toxicity to both the dams and their
devel oping embryos was observed at 640 mg/nt. There
was a marked increase in the incidence of resorptions
per litter (0.3 £ 0.6 versus 2.7 + 3.9). Therewas aso a
significant change in the incidence of several minor
skeletal variationsin their offspring, including an
increase in the occurrence of 13 pairs of ribsand an
increased incidence of delayed ossification of the fifth
sternebra (data not reported). No teratogenic effects were
seen at any exposure. The NOAEL for developmental
toxicity in this study is 320 mg/n?.

8.8 Cardiac sensitization

Siletchnik & Carlson (1974) investigated the effects
of epinephrine on the cardiac sensitization of 1,1-DCE in
male albino rats. Thetest animals (body weight 250
400 g) were exposed to 1,1-DCE at 0 or 100 000 *

2400 mg/n?, and the dose of epinephrine was titrated to
determine the minimum concentration needed to produce
arrhythmias. A dose of 4 ug epinephrine/kg body weight
failed to induce cardiac arrhythmiasin air-exposed
animals. However, the dose necessary to produce life-
threatening arrhythmias was 2.0 pg/kg body weight
following 58—61 min of exposure to 1,1-DCE, 1.0 pg/kg
body weight following 64 min of exposure to 1,1-DCE,
and 0.5 pg/kg body weight following 67-80 min of
exposureto 1,1-DCE. The cardiac sensitization was
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found to be completely reversible upon discontinuation
of the exposureto 1,1-DCE.

8.9 Mode of action

The various observations on the toxicity and
metabolism of 1,1-DCE indicate that cytotoxicity is
associated with cytochrome P450-catal ysed metabolism
of 1,1-DCE to reactive intermediates that bind cova-
lently to cellular macromolecules. The extent of binding
isinversely related to loss of GSH, so that severities of
tissue damage parallel the declinein GSH (Forkert &
Moussa, 1991; Moussa & Forkert, 1992). Hepatotoxicity
is also exacerbated by treatments that diminish GSH
(Jaeger et al., 1974, 1977b; McKennaet a., 1978b;
Andersen et a., 1980). Thus, the responsesto 1,1-DCE
at low doses with little depletion of GSH are expected to
be very different from the responses at high doses
causing substantial GSH depletion. Thetargets of
toxicity are centrilobular hepatocytes and bronchiolar
Claracells (Forkert et al., 1985), cell typesthat arerich
in CYP2EL (Forkert et al., 1991; Forkert, 1995).
Immunohistochemical studies showed formation of
DCE-epoxide—cysteine protein adducts within the
centrilobular hepatocytes and Clara cells (Forkert,
1999a,b). Following short-term exposure of mice to high
concentrations of 1,1-DCE, the degree of cellular
damage in Clara cells and hepatocytes in various strains
of mice correlates with the extent of formation of DCE-
epoxide and the level of CYP2E1 in the tissue (Forkert,
2001; Forkert & Boyd, 2001; Forkert et al., 2001). In
combination, these findings indicate that DCE-induced
toxicity is associated with the formation and reactivity of
the DCE-epoxide within the target centrilobular
hepatocytes and Clara cells (Forkert, 2001).

Speerschneider & Dekant (1995) investigated the
metabolic basis for the species- and sex-specific
nephrotoxicity and tumorigenicity of 1,1-DCE. In kidney
microsomes from Swiss-Webster male mice, the rate of
oxidation of 1,1-DCE depended on the hormonal status
of the animals. Oxidation of 1,1-DCE was decreased by
castration and restored when the castrate was
supplemented with exogenous testosterone. In kidney
microsomes from naive female mice, the rate of
oxidation of 1,1-DCE was significantly lower thanin
males, but could be increased by administration of
exogenous testosterone. Using an antibody to rat liver
CY P2EL1, the researchers showed expression of across-
reacting protein in male mouse kidney microsomes that
was regulated by testosterone and correlated with the
ability to oxidize 1,1-DCE and other substrates for
CYP2EL1 (e.g., p-nitrophenol and chlorozoxazone). The
researchers also showed that different strains of mice
express different levels of CYP2EL. The strains most
sensitive to the effects of 1,1-DCE express greater levels
of CYP2EL. Nephrotoxicity in Swiss-Webster mice after
inhalation of 1,1-DCE was observed in males and in

femal es treated with exogenous testosterone, but not in
naive females. In kidney microsomes obtained from both
sexes of rats and in six samples of human kidney from
mal e donors, no p-nitrophenol oxidase activity was
detected. Other research groups have also reported the
absence of detectable CYP2E1L in human kidney tissue
(Amet et al., 1997; Cummings et al., 2000).

9. EFFECTS ON HUMANS

Ott et al. (1976) investigated the health records of
138 employees occupationally exposed to 1,1-DCE in
processes not involving vinyl chloride. The individuals
included in the study had worked in experimental or
pilot plant polymerization operations, in a monomer
production process as tankcar loaders, or in a production
plant manufacturing a monofilament fibre. Overall, there
were no significant differences in haematology, clinical
chemistry, or mortality between the exposed cohort and
the controls. This study istoo limited to derive useful
information on the toxicity of 1,1-DCE to humans,
because there was an inadequate number of subjects and
only alimited number of end-points examined.

10. EFFECTS ON OTHER ORGANISMS IN
THE LABORATORY AND FIELD

There are only limited data on the effects of 1,1-
DCE on organismsin aquatic and terrestrial environ-
ments.

10.1  Aquatic environment

The data on the effects of 1,1-DCE on aguatic
species are summarized in Table 3. A mgjor limitation in
most of these studiesis the lack of prevention of the
volatilization of 1,1-DCE. In addition, increase in
biomass, not growth rate, was measured in the studies
with aquatic plants.

Anderson & McCarty (1996) measured the effect of
1,1-DCE on the growth rate of a methanotrophic mixed
culture. The growth rate of the culture on 460 pg
methane/litre was reduced approximately 20% in the
presence of 0.05 mg 1,1-DCE/litre.

Hendricks et al. (1995) conducted an 18-month
carcinogenicity study of 1,1-DCE in rainbow trout
(Oncorhynchus mykiss) (8 weeks old) at 4 mg/kg body
weight per day. 1,1-DCE was incorporated in the feed.
Tissues examined for neoplasms included liver, kidney,
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Table 3: Aquatic toxicity of 1,1-dichloroethene.

Species Method? Effect Value (pg/litre) Reference
Freshwater species
Alga Chlamydomonas reinhardtii S, M, closed 72-h EC1o 3940 Brack & Rottler, 1994
system 72-h ECso 9120
chlorophyli(a)
Alga Selenastrum capricornutum S, N 96-h ECso >798 000 US EPA, 1978
chlorophyli(a) and cell
count
Alga Scenedesmus subspicatus S, N 96-h EC1o 240 000 Geyer et al., 1985
96-h ECso 410 000
cell count
Cladoceran Daphnia magna S, N 24- and 48-h LCso 11600 Dill etal., 1980
S, N, capped jar 24-h LCso 98 000 Leblanc, 1980
48-h LCso 79000
S, N 48-h LCso 79000 US EPA, 1978
Fathead minnow Pimephales S, N 96-h LCsp 169 000 Dill etal., 1980
promelas FT,M 96-h LCso 108 000 Dill etal., 1980
Bluegill Lepomis macrochirus S, N 96-h LCso 73900 US EPA, 1978
S,N 96-h LCso 220 000 Dawson et al., 1977
S, N, capped jar 96-h LCso 74000 Buccafusco et al., 1981
Fathead minnow Pimephales FT,M 13-day LCso 29000 Dill etal., 1980
promelas E-L NOEC >2 800 US EPA, 1978
Saltwater species
Alga Skeletonema costatum S, N 96-h ECso >712 000 US EPA, 1978
chlorophylli(a) and cell
count
Mysid shrimp Mysidopsis bahia S,N 96-h LCso 224 000 US EPA, 1978
Sheepshead minnow Cyprinodon S, N 96-h NOEC 80 000 Heitmuller et al., 1981
variegatus 24-, 48-, 72-, and 96-h 250 000
LCso
S, N 96-h LCso 249 000 US EPA, 1978
S, N 96-h LCso 250 000 Dawson et al., 1977
Tidewater silversides Menidia S, N 96-h LCso 250 000 Dawson et al., 1977

beryllina

& S = static, FT = flow-through, N = nominal, M = measured, E-L = embryo-larval.

spleen, gill, gonads, thymus, thyroid, heart, stomach,
pyloric caeca, duodenum, rectum, pancreas, and
swimbladder. 1,1-DCE produced no neoplasms at the
exposure levels used and no increasein liver weight.
There was no evidence of any other chronic toxic
effects.

10.2 Terrestrial environment

Scheunert (1984) examined the toxicity of 1,1-DCE
to terrestrial plantsin astudy conducted according to the
OECD draft (1981) guideline “ Growth test with higher
plants.” No effects on fresh weight of growth shoots
were observed after a 14-day exposure of oats (Brassica
rapa) and turnip (Avena sativa) to 1000 kg 1,1-DCE/kg
soil dry weight (the highest concentration tested).
Pestemer & Auspurg (1986) confirmed these results
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using a comparable test procedure with 14 more culti-
vated plants (Snapis alba, Brassica napus Brassica
rapa, Brassica chinenesis, Raphanus sativus Vicia
sativa, Phaseolus aureus, Trifolium pratense, Trigonella
meliotus-coerulea, Lolium perenne, Triticum aestivum,
Sorghum vulgare, Lepidum sativum, and Lactuca
sativa).

Viswanathan (1984) examined the toxicity of 1,1-
DCE to earthworms (Eisenia fetida) in a study
conducted according to OECD guidelines. After
exposure in an artificial soil mixture, a 28-day L Csg
value of >1000 mg/kg dry soil was established. Expo-
sure to 1,1-DCE in the range of 1001000 mg/kg soil
resulted in asignificant weight reduction of tested
worms. The validity of the study seems limited. The
minimum weight of test animals as prescribed by the
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guideline was not reached in 32% of the tests.
Furthermore, the environmental relevance of the
earthworm test seems questionable, as the factors
determining the bioavailability of the applied chemical
remain completely unconsidered.

11. EFFECTS EVALUATION

11.1 Evaluation of health effects

11.1.1 Hazard identification and dose-response

assessment

The only existing epidemiological study isinade-
quate to assess the cancer or non-cancer health effects of
1,1-DCE.

In laboratory animals, 1,1-DCE israpidly absorbed
following oral and inhalation exposure. Although 1,1-
DCE israpidly distributed to all tissues, most of the free
1,1-DCE, its metabolites, and covalently bound
derivatives are found in the liver and kidney. 1,1-DCE is
rapidly oxidized by CYP2E1 (Figure 1). It is not known
if the metabolism of 1,1-DCE is the same in humans,
although invitro microsomal preparations from human
liver and lung form the same initial products.

Following high-dose exposure by the oral or
inhalation route, the target organs are the liver, the
kidney, and the Clara cells of the lung. Following
longer-term continuous exposure at less than an acutely
toxic exposure, the liver isthe major target in rats
following oral or inhalation exposure (Quast et al., 1983,
1986). The minimal fatty change observed in the liver of
rats following long-term exposure occurs primarily in
mid-zonal hepatocytes, but the changeis not restricted to
the centrilobular region. The minimal fatty change in the
liver also occurs in the absence of significant depletion
of cellular GSH. Although the minimal fatty change
might not be considered adverse, as there is no evidence
of afunctional changeintheliver of rats exposed at this
level and GSH levels are not reduced, it is defined as the
critical effect from both oral and inhalation exposure, as
limiting exposure to thislevel will protect the liver from
more serious damage that could compromise liver
function.

The kidney isthe major target organ in mice
following inhalation exposure. This latter effect appears
related to increased delivery of 1,1-DCE to the kidneys
of mice following inhalation exposure relative to oral
exposure, a gender-specific expression of CYP2E1 in
male mice, and the presence of higher amounts of [3-
lyase in kidney tissue of mice relative to other species.

Thereisno evidence that toxicity occursin the
respiratory tract following exposureto 1,1-DCE at levels
that cause minimal toxicity in theliver of rats and in the
kidney of mice. However, regional responsesin
olfactory epithelium or bronchiolar changesin Clara
cells might have been missed by the methods used to
evaluate these regionsin the toxicological studies.

Asshown in athree-generation study, thereisno
evidence that reproductive toxicity isacritical effect for
1,1-DCE. No reproductive or developmental toxicity
was observed at an exposure that caused minimal
toxicity in theliver of the dams. Thereisalso no
evidence that teratogenicity isacritical effect. Thereis
some evidence of developmental variationsin the heart
following ingestion of 1,1-DCE by pregnant rats from
drinking-water (Dawson et al., 1993), but it is not clear
if these effects are directly caused by exposureto 1,1-
DCE. Thebiological significance of these cardiac
structural variationsis unclear. Thereisno indication
that the structural variations have functional conse-
guences in animals. However, animals known to have
the structural variations have not been tested under
conditions of stress.

There are no focused studies on neurotoxicity, but
there is no indication from chronic, reproductive, or
developmental bioassaysin rats and mice by oral or
inhalation exposure that neurotoxicity is an important
toxic end-point. There are no long-term studies that have
evaluated immunotoxicity in laboratory animals by any
route of exposure. Thereis no indication from the
chronic bioassays that immunotoxicity islikely to bea
critical effect.

Bioassays for cancer by the oral route of exposure
have been conducted in rats (Ponomarkov & Tomatis,
1980; NTP, 1982; Quast et a., 1983; Maltoni et al.,
1985), mice (NTP, 1982), and trout (Hendricks et al.,
1995). Some of these bioassays were conducted at an
exposure below the maximum tolerated dose. The
bioassay conducted by Maltoni et al. (1985) exposed the
animalsfor only 1 year. The bioassay in rats (Quast et
al., 1983) and the bioassay in mice (NTP, 1982) are well
conducted, and both showed sometoxicity in theliver at
the highest exposure. Neither of these bioassays provides
any significant evidence that 1,1-DCE is a carcinogen by
the oral route of exposure.

Bioassays for cancer by the inhalation route of
exposure have been conducted inrats (Lee et al., 1977,
1978; Viola & Caputo, 1977; Hong et al., 1981; Maltoni
et al., 1985; Quast et al., 1986; Cotti et al., 1988), mice
(Leeetal., 1977,1978; Hong et a., 1981; Maltoni et al.,
1985), and hamsters (Maltoni et al., 1985). None of
these bioassays was conducted by a protocol that meets
current standards. The major defectsin most of these
bioassays include exposure of the animals for 1 year and
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exposure at less than the maximum tolerated dose. The
only hioassay showing some evidence of carcinogenicity
was the study in Swiss-Webster mice (Maltoni et al.,
1985). This study was conducted at or near the maxi-
mum tolerated dose, as animals exposed at 200 mg/n?
died after afew exposures. Although the animals were
exposed for only 1 year and then observed until natural
death, this study showed an increased incidence of
kidney adenocarcinomas in male mice at 100 mg/n?, but
not at 40 mg/n¥. The incidence of mammary carcinomas
in female mice and pulmonary adenomas in male and
female mice did not increase with increased exposure.
The responses were actually lower at 100 mg/n? than at
40 mg/nt, but survival and other toxicities were com-
parable. Thereis evidence that the induction of kidney
adenocarcinomas is a sex- and species-specific response
related to the expression of CY P2EL in the kidney of
male mice (Speerschneider & Dekant, 1995; Amet et al.,
1997; Cummings et al., 2000). The data presented by
these researchers, however, are not sufficient to justify a
conclusion that the kidney tumours in male mice have no
relevance for a human health risk assessment. This
recommendation is made with the knowledge that com-
pounds similar in structure to 1,1-DCE (e.g., tetrachloro-
ethene, trichloroethene, and 1,2-dichloroethene) produce
varying degrees of kidney tumoursin animal bioassays.
The genotoxicity studies are incomplete, but most
studiesin mammalian cellsindicate alack of geno-
toxicity. Accordingly, the increased incidence of kidney
adenocarcinomas in male mice (Maltoni et al., 1985)
provides suggestive evidence of carcinogenicity by the
inhal ation route of exposure. The results of this bioassay
showing a sex- and species-specific response are not
sufficient to justify an exposure-response assessment.

1,1-DCE causes gene mutations in microorganisms
in the presence of an exogenous activation system.
Although most tests with mammalian cells show no
evidence of genetic toxicity, the test battery isincom-
plete because it lacks atest for chromosomal damagein
the mouse lymphoma system.

In the absence of a suitable PBPK model, a default
procedure using an uncertainty factor for interspecies
extrapolation is used to determine the tolerable intake for
oral exposure and the tolerable concentration for
inhalation exposure. The point of departure for the
calculation of the tolerable intake for oral exposure and
of the tolerable concentration for inhalation exposureis
the lower 95% confidence limit on the BMD or the BMC
for a 10% response (i.e.,, BMDL;q, BMCL,g), as
described in Appendix 4.

11.1.2 Criteriafor setting tolerable intakes and
tolerable concentrations

The critical effect from oral exposure is minimal
hepatocellular mid-zonal fatty change in female

Sprague-Dawley rats (Quast et al., 1983). The BMDLyq
for this effect is 4.6 mg/kg body weight per day
(Appendix 4). The tolerable intake of 0.05 mg/kg body
weight per day is calculated from the BMDL,o using a
total uncertainty factor of 100 (4.6 mg/kg body weight
per day -+ 100 = 0.046, rounded to 0.05 mg/kg body
weight per day). Individual uncertainty factors of 10
each were used for interspecies extrapolation and
intraspecies variability, because there were no applicable
datato justify adeparture from the default values.

The critical effect from inhalation exposureis
minimal hepatocellular mid-zonal fatty change in female
Sprague-Dawley rats (Quast et al., 1986). The BMCLyec
(the BMCL 4 adjusted to a human equivalent concen-
tration) for this effect is 6.9 mg/m' (Appendix 4). The
tolerable concentration of 0.2 mg/nt is calculated from
the BMCLygc of 6.9 mg/nf‘ using atotal uncertainty
factor of 30 (6.9 mg/m + 30 = 0.23, rounded to
0.2mg/n?). An uncertainty factor of 3 is used for inter-
species extrapol ation. Because a dosimetric adjustment
was used, the default value of 3 for toxicokinetic differ-
ences was reduced to 1; the default value of 3 for toxico-
dynamic differences was retained. An uncertainty factor
of 10 was used for intraspecies variability, because there
were no applicable datato justify adeparture from the
default value.

None of the bioassays by the oral route of exposure
provides any evidence that 1,1-DCE is a carcinogen.
Accordingly, an oral slope factor is not derived. One
bioassay by the inhalation route of exposure shows
suggestive evidence of carcinogenicity. This study,
however, does not provide sufficient weight of evidence
tojustify deriving an inhalation unit risk.

11.1.3 Samplerisk characterization

Human exposureto 1,1-DCE is likely to be highly
variable due to site-specific contamination. However,
data suggest that the mean concentration in drinking-
water will not exceed 0.002-0.003 mg/litre, equivalent
to 6-9 x 10~ mg/kg body weight per day for a 70-kg
individual consuming 2 litres per day. The oral exposure
from food and soil is most likely negligible. Data
suggest that the upper end of the range of the mean
concentration of 1,1-DCE in air will not exceed
0.004 mg/nt. Thus, human exposure is expected to be
far below the tolerable intake of 0.05 mg/kg body weight
per day and the tolerable concentration of 0.2 mg/n?.

11.1.4 Uncertainties in the evaluation of health
risks

The quantitative estimates of 1,1-DCE in air,
surface water, groundwater, and drinking-water are
likely to be highly variable, depending on site-specific
conditions.
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Because the one epidemiological study showed no
effects, there is some uncertainty that the laboratory
animal data demonstrating the liver, lung, and kidney as
target tissues have demonstrated the correct target
tissues for humans. However, as CY P2E1 has been
demonstrated to occur in liver and lung tissue from
humans, it islikely that these tissues will be target
tissuesin humans. Data suggest that human kidney
tissue does not contain CY P2E1, suggesting that human
kidney will not be atarget tissue for 1,1-DCE. Although
there is also no evidence that teratogenicity isacritical
effect, there is some evidence of developmental varia-
tionsin the heart following ingestion of 1,1-DCE by
pregnant rats from drinking-water. However, it is not
clear if these effects are directly caused by exposure to
1,1-DCE. The biological significance of these cardiac
structural variationsis unclear.

There are anumber of uncertaintiesin the assess-
ment of the carcinogenicity of 1,1-DCE. Many of the
bioassays by the inhalation route of exposure were not
conducted at the maximum tolerated dose or for the full
lifetime of the animals. In addition, our knowledge of
the metabolic pathwaysfor 1,1-DCE in humansis
incomplete. Whileit islikely that the initial oxidation of
1,1-DCE in humans occurs via CY P2EL1, there could be
other CYPisoformsthat could activate 1,1-DCE. Thus,
there is some potential for a species-specific carcino-
genic response in humans similar to the apparent
species- and sex-specific response observed by Maltoni
et al. (1985) in the kidney of male mice.

Asthere are no useful datain humans, the expo-
sure-response assessment for humansis uncertain. The
interspecies extrapol ation was conducted using val ues of
10 for oral exposure and 3 for inhal ation exposure. There
is also uncertainty asto whether the uncertainty factor of
10 adequately accounts for human variability in
expression of CY P2EL.

11.2 Evaluation of environmental effects

Studies on the effects of 1,1-DCE on aquatic species
are limited to acute toxicity studies with algae, inverte-
brates, and fish and one carcinogenicity and chronic
toxicity study in trout. A major limitation of these
studiesisthefailure to prevent volatilization of 1,1-
DCE. Only three species were tested using measured
initial concentrations of 1,1-DCE. Of these studies, only
the algal growth inhibition test with Chlamydomonas
reinhardtii was carried out under closed test conditions.
Algal growth inhibition with this species was also the
most sensitive test end-point (72-h ECs of 9.12 mg/li-
tre). Thisresult has been used to estimate the predicted
no-effect concentration (PNEC), together with an
uncertainty factor of 1000 (EC, 1996):

PNEC = 9.12 mg/litre / 1000 = 0.009 mg/litre
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There were no available long-term effects data with
which to assess the chronic toxicity of 1,1-DCE. How-
ever, the PNEC derived above included an uncertainty
factor that should be sufficient to be protective for
chronic toxicity.

Thelimited data on the occurrence of 1,1-DCE in
surface waters suggest that concentrations arein the
microgram per litre range. Using a maximum concen-
tration of 0.001 mg/litre reported for surface watersin
Osaka, Japan, as the predicted exposure concentration
(PEC) gives a PEC/PNEC hazard quotient of 0.11.
Because thisislessthan 1, no further information,
testing, or risk reduction measures are required for
freshwater species.

Data are inadequate to eval uate the effects of 1,1-
DCE on the terrestrial environment. However, because
of the rapid volatilization of 1,1-DEC, no significant risk
is expected.

11.2.1 Uncertainties in the evaluation of

environmental effects

There were insufficient marine exposure or effects
datato conduct arisk characterization specific for the
marine environment. There is a need for further testing
with arange of marine/estuarine species from different
trophic levels using closed experimental systemswith
measurement of 1,1-DCE concentrations throughout the
tests.

12. PREVIOUS EVALUATIONS BY
INTERNATIONAL BODIES

IPCS (1990) eval uated the human health and envi-
ronmental effects of 1,1-DCE in 1990. This assessment
updates that evaluation.

WHO established adrinking-water quality guideline
for 1,1-DCE of 0.03 mg/litre in 1993. WHO has advised
that this guideline is under review.*

IARC (1999) evaluated the carcinogenicity and
genetic toxicity datafor 1,1-DCE and concluded that
there isinadequate evidence in humansfor its carcino-
genicity; that thereislimited evidence in experimental
animalsfor its carcinogenicity; and that it is not classi-
fiable asto its carcinogenicity to humans (Group 3).

! New information relevant to a revised guideline should
become available on the WHO website
http://www.who.int/water_sanitation_health/ GDWQ/Chemical
s/orgconstitindex.htm.
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APPENDIX 1 — SOURCE DOCUMENTS

US EPA (2002d): Toxicological review of 1,1-
dichloroethylene (CAS No. 75-35-4) in support
of summary information on the Integrated Risk
Information System (IRIS) (EPA/635/R02/002)

Copies of the document may be obtained from:

EPA Risk Assessment Hotline

513-569-7254 (telephone)

513-569-7159 (fax)

rih.iris@epa.gov (e-mail address)
http://www.epa.govl/iris/toxreviews/0039-tr.pdf (Internet pdf file)

This document and summary information on IRIS have
received peer review both by Environmental Protection Agency
(EPA) scientists and by independent scientists external to EPA.
Subsequent to external review and incorporation of comments, this
assessment has undergone an Agency-wide review process
whereby the IRIS Program Manager has achieved a consensus
approval among the Office of Research and Development; Office of
Air and Radiation; Office of Prevention, Pesticides, and Toxic
Substances; Office of Solid Waste and Emergency Response; Office
of Water; Office of Policy, Planning, and Evaluation; and the
Regional Offices.

Internal EPA reviewers:

J. Cogliano, C. Kimmel, L. Flowers, K. Hogan, National Center
for Environmental Assessment, Washington, DC

J. Strickland, National Center for Environmental Assessment,
Research Triangle Park, NC

D. Niedzwiecki, Colorado Department of Public Health and
Environment

External peer reviewers:

Melvin E. Andersen, Colorado State University, Ft. Collins, CO

James V. Bruckner, University of Georgia, Athens, GA

Poh-Gek Forkert, Queen’s University, Kingston, Ontario,
Canada

Sam Kacew, University of Ottawa, Ottawa, Ontario, Canada

Kannan Krishnan, University of Montreal, Montreal, Quebec,
Canada

US EPA (1980): Ambient water quality criteria
for dichloroethylenes (EPA 440/5-80-041)

This report was prepared by the Office of Water Regulations
and Standards, the Office of Research and Development, the
Carcinogen Assessment Group, and the Environmental Research
Laboratories of the US Environmental Protection Agency (EPA). It
was reviewed by the Environmental Criteria and Assessment Office,
US EPA, and approved for publication. It is available to the public
from the National Technical Information Service in Springfield,
Virginia, or on the Internet at:
http://www.epa.gov/ost/pc/ambientwqc/dichloroethylenes80.pdf.
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IPCS (1990): Vinylidene chloride (Environmental
Health Criteria 100)

The first draft of this Environmental Health Criteria document
was prepared by Dr J.K. Chipman, University of Birmingham,
England. The draft was sent for peer review to IPCS national
Contact Points and Collaborating Centres and was reviewed and
approved as an international assessment document at a Task Group
Meeting held in October 1988 in Rome, Italy.

This report is available from Marketing and Dissemination,
World Health Organization, 1211 Geneva 27, Switzerland (fax + 41
22 791 4857) or at bookorders@who.int; it is also available on the
Internet at http://www.inchem.org/documents/ehc/ehc/ehc100.htm.
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APPENDIX 2 — CICAD PEER REVIEW

The draft CICAD on 1,1-DCE was sent for review to institutions
and organizations identified by IPCS after contact with IPCS national
Contact Points and Participating Institutions, as well as to identified
experts. Comments were received from:

A. Andreassen, Department of Chemical Toxicology,
Norwegian Institute of Public Health, Norway

R.M. Bruce, US Environmental Protection Agency, USA

R.J. Chhabra, National Institute of Environmental Health
Sciences, USA

C. Cooke, Health and Safety Executive, United Kingdom

C. Cowles, Health and Safety Executive, United Kingdom

C.L. Deford, The Dow Chemical Company, USA

1. Desi, University of Szeged, Hungary

G. Dura, Fodor J6zsef National Public Health Centre, Hungary
C. Elliott-Minty, Health and Safety Executive, United Kingdom

L. Fishbein, Private Consultant, USA

E. Frantik, National Institute of Public Health, Czech Republic

M. Gwinn, National Institute of Occupational Safety and Health,
USA

K. Hattefield, National Institute of Occupational Safety and
Health, USA

R.F. Hertel, Federal Institute for Health Protection of
Consumers and Veterinary Medicine, Germany

C. Hiremath, US Environmental Protection Agency, USA

A. Hirose, National Institute of Health Sciences, Japan

A. Hirvonen, Institute of Occupational Health, Finland

P. Howe, Centre for Ecology and Hydrology, United Kingdom

J. Kielhorn, Fraunhofer Institute of Toxicology and Aerosol
Research, Germany

G. Koennecker, Fraunhofer Institute of Toxicology and Aerosol
Research, Germany

S.H. Lee, Catholic University, Korea
J. Rantanen, Institute of Occupational Health, Finland
J. Stauber, CSIRO Energy Technology, Australia

J.H.M. Temmink, Wageningen Agricultural University,
Netherlands

D. van Wijk, European Centre for Ecotoxicology and Toxicology
of Chemicals (ECETOC) / Euro Chlor, Belgium

K. Victorin, Karolinska Institutet, Sweden

|. Zastenskaya, Scientific Institute of Sanitary and Hygiene,
Belarus
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APPENDIX 3 — CICAD FINAL REVIEW
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Monks Wood, United Kingdom,
16-19 September 2002

Members

Dr R. Benson, US Environmental Protection Agency, Region VIII,
Denver, CO, USA

Mr R. Cary, Health and Safety Executive, Bootle, Merseyside, United
Kingdom

Dr R. Chhabra, National Institute of Environmental Health Sciences,
Research Triangle Park, NC, USA

Dr S. Chou, Agency for Toxic Substances and Disease Registry
(ATSDR), Atlanta, GA, USA

Dr S. Czerczak, Nofer Institute of Occupational Medicine, Lodz,
Poland
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Abbots Ripton, Huntingdon, Cambridgeshire, United Kingdom

Dr G. Dura, National Institute of Environmental Health, Jozsef Fodor
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Dr L. Fishbein, Private Consultant, Fairfax, VA, USA
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Environmental Protection Agency, Washington, DC, USA
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Japan
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and Veterinary Medicine, Berlin, Germany

Dr A. Hirose, Division of Risk Assessment, National Institute of
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Prof. J. Jeyaratnam, Colombo, Sri Lanka
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Research, Hanover, Germany
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Shanghai Medical College, Shanghai, People’s Republic of China
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Mr F.K. Muchiri, Directorate of Occupational Health and Safety
Services, Nairobi, Kenya

Dr O. Sabzevari, Department of Toxicology & Pharmacology, Faculty
of Pharmacy, Tehran University of Medical Sciences, Tehran, Iran

Dr J. Sekizawa, Division of Chem-Bio Informatics, National Institute
of Health Sciences, Tokyo, Japan

Dr F.P. Simeonova, Sofia, Bulgaria

Dr J. Stauber, CSIRO Energy Technology, Centre for Advanced
Analytical Chemistry, Bangor, Australia

Dr M.H. Sweeney, Document Development Branch, Education and
Information Division, National Institute for Occupational Safety and
Health, Cincinnati, OH, USA

Dr K. Ziegler-Skylakakis, European Commission, DG Employment &
Social Affairs, Luxembourg

Resource Persons

Dr C. Cowles, Health and Safety Executive, Industrial Chemicals
Unit HD, Bootle, Merseyside, United Kingdom

Dr C. Elliott-Minty, Health and Safety Executive, Industrial Chemicals
Unit HD, Bootle, Merseyside, United Kingdom

Dr K. Fuller, Health and Safety Executive, Industrial Chemicals Unit
HD, Bootle, Merseyside, United Kingdom

Observers

Mr A.G. Berends, Solvay S.A., Brussels, Belgium; European
Chemical Industry Council / European Centre for Ecotoxicology and
Toxicology of Chemicals (CEFIC/ECETOC)

Mr W. Gulledge, American Chemistry Council, Arlington, VA, USA

Mr C. Newsome, Dow Chemical Company Limited, West Drayton,
Middlesex, United Kingdom; European Chemical Industry Council /
European Centre for Ecotoxicology and Toxicology of Chemicals
(CEFIC/ECETOC)

Mr M.A. Pemberton, Wilmslow, United Kingdom; European Chemical
Industry Council / European Centre for Ecotoxicology and Toxicology
of Chemicals (CEFIC/ECETOC)

Mr W. Stott, Dow Chemical Company, Midland, MI, USA; European
Chemical Industry Council / European Centre for Ecotoxicology and
Toxicology of Chemicals (CEFIC/ECETOC)

Mr J.M. Waechter, Jr, The Dow Chemical Company, Midland, Ml,

USA; European Chemical Industry Council / European Centre for
Ecotoxicology and Toxicology of Chemicals (CEFIC/ECETOC)

Secretariat

Dr A. Aitio, International Programme on Chemical Safety, World
Health Organization, Geneva, Switzerland

Mr T. Ehara, International Programme on Chemical Safety, World
Health Organization, Geneva, Switzerland

Mr H. Malcolm, Centre for Ecology and Hydrology, Monks Wood,
Abbots Ripton, Huntingdon, Cambridgeshire, United Kingdom

Ms C. Vickers, International Programme on Chemical Safety, World
Health Organization, Geneva, Switzerland
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APPENDIX 4 — BENCHMARK DOSE
ANALYSIS

Oral

Data on fatty change in the liver from Quast et al. (1983) were
analysed using EPA’s benchmark dose software. Each of the seven
models gave an adequate fit (P > 0.2). The gamma, logistic,
multistage, quantal-linear, and Weibull models showed the best
visual fit to the data points. The gamma, multistage, quantal-linear,
and Weibull models showed identical Akaike’s Information Criterion
(AIC) values and identical BMDs and BMDLs. The results from the
gamma model are presented.

The form of the probability function is:

P[response] = background + (1 - background) * CumGamma
[slope * dose, power]

where CumGamma(.) is the cumulative Gamma distribution function.

Default initial (and specified) parameter values

Background = 0.12963
Slope = 0.0192007
Power = 1.12817

Asymptotic correlation matrix of parameter estimates
(*** The model parameter Power has been estimated at a boundary

point or has been specified by the user and does not appear in the
correlation matrix)

Background Slope
Background 1 -0.54
Slope -0.54 1

Parameter estimates

Variable Estimate Standard error
Background 0.125627 0.0350171
Slope 0.0158781 0.00405428
Power 1 NA

NA - Indicates that this parameter has hit a bound implied by some

Benchmark dose computation

Specified effect= 0.1

Risk type = Extra risk

Confidence level =  0.95

BMD = 6.63557 mg/kg body weight per day
BMDL = 4.61215 mg/kg body weight per day
Inhalation

Data on fatty change in the liver from Quast et al. (1986) were
analysed using EPA’s benchmark dose software. The gamma, multi-
stage, quantal-linear models gave an adequate fit (P > 0.2). These
models also gave an adequate visual fit to the data points. The
guantal-linear model gave the lowest AIC value. The results from this
model are presented.

The form of the probability function is:

P[response] = background + (1 - background) * [1 -
EXP(-slope * dose)]

Default initial (and specified) parameter values

Background = 0.0294118

Slope = 0.00549306

Power = 1 Specified

Asymptotic correlation matrix of parameter estimates

(*** The model parameters Background and Power have been
estimated at a boundary point or have been specified by the user
and do not appear in the correlation matrix)

Slope =1

Parameter estimates

Variable Estimate Standard error
Background 0 NA
Slope 0.00697979 0.00194885

NA - Indicates that this parameter has hit a bound implied by some
inequality constraint and thus has no standard error.

Analysis of deviance table

inequality constraint and thus has no standard error. Log(likeli- Deviance
Model hood) test DF P-value
Analysis of deviance table Full model -27.7336
Fitted model -28.0929 0.718624 2 0.6982
Log(like- . Test Reduced -32.5262 9.58514 2 0.008291
Model lihood) Deviance DF P-value model
Full model -119.212 AIC = 58.1858
Fitted -119.229 0.0326243 2 0.9838
model Goodness of fit
Reduced -128.113 17.8011 3 0.0004834
model Est.
AIC = 242.458 Dose prob. Exp. Obs. Size  Scaled residual
0 0.0000 0.000 0 16 0
Goodness of fit 25 0.1601 4.643 6 29 0.6869
75 0.4075 8.151 7 20 -0.5237
Est. Scaled Chi-square = 0.75; DF = 2; P-value = 0.6886
Dose prob. Exp. Obs. Size residual
0 0.1256 10.050 10 80 —-0.01693 Benchmark dose computation
9 0.2421 11.619 12 48 0.1284
14 0.2999  14.396 14 48 -0.1246 ohectfed effect = 01 e
30 04570 21935 22 48 0.01895 e level= Do
Chi-square = 0.03; DF = 2; P-value = 0.9838 BMC = 15.0951 ppm
BMCL = 9.84365 ppm
BMCL agj = BMCL x 6/24 x 5/7 x 3.97 mg/mglppm =6.9

mg/m
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BMCL Hec = BMCL agj X (Hbig)a/(Hog)H = 6.9 mg/m3 blood:air partition coefficient in humans ((Hoig)n). Therefore, the
default value of 1 is used for (Hu/g)a/(Hbig)H (US EPA, 1994). The
The blood:air partition coefficient in rats ((Hhwig)a) is 5 (D’'Souza BMCLHec is 6.9 mg/ms.

& Andersen, 1988). No published data are available to determine the

Oral*

Gamma Multi-Hit Model with 0.95 Confidence Level
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APPENDIX 5 — LIST OF ACRONYMS AND

ABBREVIATIONS

AlC Akaike’s Information Criterion

BMCig benchmark concentration for a 10%

response

BMCL 1o lower 95% confidence limit on the
benchmark concentration for a 10%
response

BMCL agj lower 95% confidence limit on the
benchmark concentration for a 10%
response adjusted to continuous exposure

BMCL Hec lower 95% confidence limit on the
benchmark concentration for a 10%
response adjusted to a human equivalent
concentration

BMD benchmark dose

BMD1o benchmark dose for a 10% response

BMDL lower 95% confidence limit on the
benchmark dose

BMDL 10 lower 95% confidence limit on the
benchmark dose for a 10% response

CYP2E1 cytochrome P450-dependent
monooxygenase 2E1

1,1-DCE 1,1-dichloroethene

DCE-epoxide 1,1-dichloroethene oxide

ECio effective concentration for a 10% response

EC2o effective concentration for a 20% response

ECso effective concentration for a 50% response

ECD electrolytic conductivity detector

EPA Environmental Protection Agency (US)

FID flame ionization detector

GC gas chromatography

GSH glutathione

(Horg)a blood:air partition coefficient for laboratory
animal species

(Horg)n blood:air partition coefficient for human

LCso concentration for 50% lethality

LDso dose for 50% lethality

LOAEL lowest-observed-adverse-effect level

LTs0 time for 50% lethality

MS mass spectrometry

NOAEL no-observed-adverse-effect level

NOEC no-observed-effect concentration

NOEL no-observed-effect level

NTP National Toxicology Program (US)

PBPK physiologically based pharmacokinetic

PEC predicted exposure concentration

PNEC predicted no-effect concentration

PVDC polyvinylidene chloride



VINYLIDENE CHLORIDE
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April 2000

CAS No: 75-35-4
RTECS No: KV9275000
UN No: 1303 (stabilized)
EC No: 602-025-00-8

VDC

1,1-Dichloroethene
1,1-Dichloroethylene

C,H,Cl, / H,C=CCl,

Molecular mass: 97

TYPES OF

HAZARD/ ACUTE HAZARDS/SYMPTOMS PREVENTION FIRST AID/FIRE FIGHTING

EXPOSURE

FIRE Extremely flammable. Gives off NO open flames, NO sparks, and Powder, water spray, foam, carbon

irritating or toxic fumes (or gases) NO smoking. dioxide.
in a fire.

EXPLOSION Vapour/air mixtures are explosive. Closed system, ventilation, In case of fire: keep drums, etc.,
explosion-proof electrical equipment | cool by spraying with water.
and lighting. Use non-sparking
handtools.

EXPOSURE PREVENT GENERATION OF
MISTS!

Inhalation Dizziness. Drowsiness. Ventilation, local exhaust, or Fresh air, rest. Artificial respiration if

Unconsciousness. breathing protection. indicated. Refer for medical
attention.

Skin Redness. Pain. Protective gloves. Protective Remove contaminated clothes.
clothing. Rinse and then wash skin with

water and soap.

Eyes Redness. Pain. Safety goggles, or eye protection in First rinse with plenty of water for
combination with breathing several minutes (remove contact
protection. lenses if easily possible), then take

to a doctor.

Ingestion Abdominal pain. Sore throat Do not eat, drink, or smoke during Rinse mouth. Do NOT induce

(further see Inhalation). work. vomiting. Give plenty of water to
drink. Rest.

SPILLAGE DISPOSAL

PACKAGING & LABELLING

Evacuate danger area! Consult an expert! Remove
all ignition sources. Collect leaking and spilled liquid
in sealable containers as far as possible. Absorb
remaining liquid in sand or inert absorbent and
remove to safe place. Do NOT wash away into
sewer. Do NOT let this chemical enter the
environment. (Extra personal protection: complete
protective clothing including self-contained
breathing apparatus).

F+ Symbol

Xn Symbol

R: 12-20-40

S: (2-)7-16-29
Note: D

UN Hazard Class: 3
UN Pack Group: |

Airtight. Unbreakable packaging;
put breakable packaging into closed
unbreakable container. Marine
pollutant.

EMERGENCY RESPONSE

STORAGE

Transport Emergency Card: TEC (R)-641
NFPA Code: H2; F4; R2

Fireproof. Provision to contain effluent from fire extinguishing. Separated
from incompatible materials (see Chemical Dangers). Cool. Keep in the

dark. Store only if stabilized.

IPCS

International
Programme on
Chemical Safety

UNEF

Prepared in the context of cooperation between the International
Programme on Chemical Safety and the European Commission

© IPCS 2000

SEE IMPORTANT INFORMATION ON THE BACK.
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VINYLIDENE CHLORIDE

IMPORTANT DATA

Physical State; Appearance
VOLATILE COLOURLESS LIQUID, WITH CHARACTERISTIC
ODOUR.

Physical dangers

The vapour is heavier than air and may travel along the ground;
distant ignition possible. Vinylidine chloride monomer vapours
are uninhibited and may form polymers in vents or flame
arresters of storage tanks, resulting in blockage of vents.

Chemical dangers

The substance can readily form explosive peroxides. The
substance will polymerize readily due to heating or under the
influence of oxygen, sunlight, copper or aluminium, with fire or
explosion hazard. May explode on heating or on contact with
flames. The substance decomposes on burning producing toxic
and corrosive fumes (hydrogen chloride, phosgene). Reacts
violently with oxidants.

Occupational exposure limits
TLV: 5 ppm; A4 (ACGIH 1999).

Routes of exposure
The substance can be absorbed into the body by inhalation and
by ingestion.

Inhalation risk
A harmful contamination of the air can be reached very quickly
on evaporation of this substance at 20°C.

Effects of short-term exposure

The substance irritates the eyes, the skin and the respiratory
tract. Swallowing the liquid may cause aspiration into the lungs
with the risk of chemical pneumonitis. Exposure at high levels
could cause lowering of consciousness.

Effects of long-term or repeated exposure
Repeated or prolonged contact with skin may cause dermatitis.
The substance may have effects on the kidneys and liver.

PHYSICAL PROPERTIES

Boiling point: 32°C

Melting point: -122°C

Relative density (water = 1): 1.2
Solubility in water, g/100 ml at 25°C: 0.25
Vapour pressure, kPa at 20°C: 66.5
Relative vapour density (air = 1): 3.3

Relative density of the vapour/air-mixture at 20°C (air = 1): 2.5
Flash point: -25°C c.c.

Auto-ignition temperature: 570°C

Explosive limits, vol% in air: 5.6-16

Octanol/water partition coefficient as log Pow: 1.32

ENVIRONMENTAL DATA

The substance is harmful to aquatic organisms.

NOTES

Depending on the degree of exposure, periodic medical examination is indicated.

An added stabilizer or inhibitor can influence the toxicological properties of this substance, consult an expert.
The odour warning when the exposure limit value is exceeded is insufficient.

Do NOT use in the vicinity of a fire or a hot surface, or during welding.

ADDITIONAL INFORMATION

LEGAL NOTICE

Neither the EC nor the IPCS nor any person acting on behalf of the EC or the IPCS is responsible
for the use which might be made of this information

©IPCS 2000
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RESUME D'ORIENTATION

Ce CICAD relatif au 1,1-dichloroéthylene (chlorure
devinylidene) a été préparé par I’ Agence de protection
del’ environnement des Etats-Unis (Environmental
Protection Agency - EPA). L'EPA s est servie des
données prises en compte jusqu’ aavril 2001 dansle
document national d’ évaluation. Des renseignements sur
lanature de I’ examen par des pairs et sur ladisponibilité
de ce document national d’'évaluation sont donnés a
I"appendice 1. Les références bibliographiques utilisées
pour ce CICAD ont été mises ajour en ao(t 2002. Les
informationsrelatives al’ examen par des pairs du
présent CICAD figurent al’ appendice 2. Ce CICAD a
été approuvé en tant qu’ évaluation internationale lors
d’une réunion du Comité d' évaluation finale qui s’ est
tenue a Monks Wood (Royaume-Uni) du 16 au 19 sep-
tembre 2002. Laliste des participants a cette réunion est
donnée al’ appendice 3. Laficheinternationale sur la
sécurité chimique du 1,1-dichloroéthyléne (1CSC 0083)
établie par le Programme international sur la sécurité
chimique (IPCS, 2000), est également reproduite dansle
présent document.

Le 1,1-dichloroéthyléne (No CAS 75-35-4) ou 1,1-
DCE, n’'existe pas al’ état naturel. Il est préparé
industriellement par déshydrochloration du 1,1,2-tri-
chloroéthane en présence d’ un exces de base ou par
décomposition thermique du méthylchloroforme (1,1,1-
trichloroéthane). On utilise le 1,1-DCE comme inter-
meédiaire captif dans la production d’ hydrochlorofluoro-
carbures comme le HCFC-141b et le HCFC-142b, du
chlorure d’ acétyle ou encore d homopolymeéres, de
copolymeres et de terpolymeéres (latex et résine). Ces
polymeéres entrent dans la composition de divers produits
de consommation, notamment des emballages pour
produits alimentaires, des textiles et des meubles de
jardin,

Le 1,1-DCE présent dans |’ environnement provient
d’ émissions survenues lors de la production ou de
I’ utilisation de ce produit, de la décomposition de
matériaux a base de chlorure de polyvinylidéne (PVDC)
ou encore de la dégradation biotique ou abiotique du
1,1,1-trichloroéthane, du tétrachloréthyléne, du 1,1,2-
trichloroéthyléne et du 1,1-dichloroéthane. Les princi-
pal es sources environnemental es d’ exposition humaine
sont |’ air ambiant et I eau de boisson contaminée.

Dans |es eaux souterraines, la biotransformation du
1,1-DCE peut conduite au chlorure de vinyle par
déchloration réductrice.

Dufait de saforte tension de vapeur et de safaible
solubilité dans |’ eau, le 1,1-DCE est présent &
concentration relativement élevée dans |’ atmosphere,
comparativement aux autres compartiments de |’ envi-

ronnement. L es radicaux hydroxyles atmosphériques
jouent un réle important dans la décomposition du 1,1-
DCE. Sademi-vie atmosphérique est estimée a 16
heures. Le 1,1-DCE présent dans |’ eau, le sol et les
sédiments est principal ement transporté hors de ces
compartiments par volatilisation. Sa bioaccumulation
devrait étre faible compte tenu de son coefficient de
partage octanol/eau et de sa solubilité dans|’ eau.

L e composé est rapidement résorbé aprés inhalation
ou ingestion. En raison de safaible masse moléculaire
relative et de son caractére hydrophobe, il est probable
gu’il puisse également étre résorbé par voie percutanée
maisrien n’'aété publié ace sujet. Bien qu'il se répar-
tisse rapidement dans tous lestissus, on retrouvele 1,1-
DCE ainsi que ses métabolites et un certain nombre de
dérivés formés par liaison covalente en majeure partie
danslefoie et le rein. La monooxygénase 2E1
dépendante du cytochrome P-450 (CY P2E1) catalyse
I’ oxydation rapide du 1,1-DCE en oxyde de 1,1-di-
chloroéthyléne (DCE-époxyde), chlorure de 2-chloro-
acétyle et 2,2-dichloroacétal déhyde. Ses principaux
métabolites, le DCE-époxyde et e 2-chloroacétal déhyde
peuvent réagir avec le glutathion (GSH), I’ eau ou encore
les macromol écules tissulaires. On ignore si le métabo-
lisme du 1,1-DCE est identique chez I'Homme, maisin
vitro, en présence de préparations de microsomes
obtenues a partir de tissus hépatiques et pulmonaires
humains, il y aformation des mémes produits initiaux.

L a seul e étude épidémiol ogique existante ne se préte
pas a une éval uation des effets néoplasi ques ou non néo-
plasiquesdu 1,1-DCE.

L’ expérimentation animale montre qu’ aprés exposi-
tion aune forte dose de 1,1-DCE par lavoie orale ou
respiratoire, les principaux organes cibles sont le foie, le
rein et le poumon au niveau des cellules de Clara. Apres
exposition de longue durée a une faible dose par voie
orale ou respiratoire, ¢’ est le foie qui est le principal
organe cible chez lerat; en revanche, ¢’ est lerein chez
des souris exposées par lavoie respiratoire.

Des épreuves biol ogiques utilisant lavoie orale ont
été pratiquées sur desrats, des souris et destruitesala
recherche d’ éventuel s effets cancérogenes. S'il est vrai
que les protocol es expérimentaux utilisés présentent des
insuffisances, aucun des résultats obtenus ne fournit la
moindre preuve que le 1,1-DCE soit cancérogene apres
exposition par voie orale. D' autres épreuves de cancéro-
génicité utilisant cette foislavoie respiratoire ont été
pratiquées sur desrats, des souris et des hamsters. La
encore, les protocoles expérimentaux présentent un
certain nombre d’insuffisances. L’ un des tests effectués
sur des souris males a permis de constater une augmen-
tation de I’ incidence des adénocarcinomes du rein pour
I’une des valeurs de |’ exposition. On est fondé a penser
gue laformation d’ adénocarcinomes du rein constitue
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une réaction spécifique alafois de I’ espéce et du sexe
qui est liee al’ expression delaCYP2EL danslerein de
lasouris méle. Toutefois, lefait de constater, dans une
épreuve biologique, une augmentation des tumeurs chez
les animaux d’ une seule espéce, d’ un sexe donné et pour
une valeur donnée de |’ exposition, ne suffit pas pour
affirmer qu’il existe une relation exposition-réponse.

En présence d’ un systéme d’ activation exogéne, le
1,1-DCE provoque des mutations géniques chez des
microorganismes. En revanche, plupart des tests
effectuésin vitro et in vivo sur des cellules mammali-
ennes sont négatifs quant alagénotoxicité du composé.

Rien n’indique que le 1,1-DCE soit doté d’ une
toxicité génésique ou d' une tératogénicité importantes.
En effet, aprés une exposition par voie orale qui n'a
provoqué que des effets hépatotoxiques minimes sur les
meres, aucun effet toxique n’ a été constaté sur la
reproduction des animaux ni sur le développement de
leur progéniture. 11 existe bien quelques éléments de
preuve de certaines anomalies du développement
cardiague apres exposition par voie orale au 1,1-DCE,
mais on n’est pas sir que ces effets soient la consé-
guence directe de I’ exposition a ce composé. Par contre,
aprés une exposition par lavoie respiratoire, on anoté
des signes de toxicité foetale (retard dans I’ ossification)
en | absence de toxicité maternelle.

Selon une étude, le 1,1-DCE ne provoque pas de
sensibilisation cutanée.

Latoxicité du 1,1-DCE est liée & sa métabolisation,
catalysée par le cytochrome P450, en intermédiaires
réactifs qui se fixent par liaison covalente aux macro-
molécules cellulaires. L' ampleur de cette fixation est
inversement proportionnelle aladiminution de la teneur
en GSH. Laréaction au 1,1-DCE devrait donc étre
sensiblement différente selon qu’il y aexposition aune
faible dose de composé avec une petite déplétion en
GSH ou exposition a une forte dose entrainant une
importante déplétion en GSH.

L’ effet essentiel constaté aprés exposition par voie
orale est une dégénérescence graisseuse minime des
hépatocytes avec présence de gouttel ettes grai sseuses en
situation médiane chez des rattes Sprague-Dawley. Si
I on se base sur une BMDL,q (limite inférieure de
I'intervalle de confiance 295 % relatif aladose de
référence [BMD] pour une réponse de 10 %) égale 44,6
mg/kg de poids corporel par jour et en prenant un facteur
d’incertitude total de 100, on obtient une valeur de
0,05 mg/kg p.c. par jour pour ladose tol érable par
ingestion.

Dans le cas d’' une exposition par voie respiratoire,
I’ effet essentiel est également une dégénérescence
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graisseuse minime des hépatocytes avec présence de
gouttel ettes grai sseuses en situation médiane chez des
rattes Sprague-Dawley. En se basant sur une BMCL g
(limite inférieure de I’intervalle de confiance a 95 %
relatif alaconcentration de référence [BMC] pour une
réponse de 10 %) égale & 6,9 mg/nt et en prenant un
facteur d'incertitude total de 30, on obtient une
concentration tolérable de 0,2 mg/n? par jour.

L’ exposition humaine au 1,1-DCE est vraisem-
blablement trés variable compte tenu du fait que la
contamination dépend du site. Quoi qu’il en soit, les
données indiquent que I’ exposition moyenne due al’ eau
de boisson ne devrait pas dépasser 6-9 x 10> mg/kg p.c.
par jour pour un sujet de 70 kg consommant quotidien-
nement 2 litres d’ eau. L’ exposition par voie orale ayant
pour origine les aliments ou le sol est treés probablement
négligeable. Selon les données disponibles, lalimite
supérieure de concentration du 1,1-DCE dans|’air ne
devrait pas excéder 0,004 mg/n¥. On est donc en droit
de penser que I’ exposition humaine est trésinférieure a
ladose journaliére tolérable par ingestion de 0,05 mg/kg
p.c. et ala concentration tolérable de 0,2 mg/nf.

On ne possede que des données limitées concernant
les effetsdu 1,1-DCE sur I’ environnement terrestre et
aguatique. Des études effectuées dans des systémes clos
ont montré que la CEyq relative al’inhibition de la crois-
sance d’ une culture méthanotrophe mixte était égale a
0,05 mg/litre. De méme, on a obtenu une valeur de
9,12 mg/litre pour la CEsg a 72 h relative al’ inhibition
delacroissance de |’ algue verte Chlamydomonas
reinhardtii, laCLsg 296 h étant de 74 mg/litre pour la
perche soleil Lepomis macrochirus Selon les données
limitées dont on dispose sur laprésence du 1,1-DCE
dans les eaux de surface, sa concentration serait de
I” ordre du microgramme par litre, ce qui donne a penser
que le risgue de toxicité aigué est minime dans
I’ environnement aguatique. On ne posséde pas de
données toxicologiques along terme qui permettraient
d’ évaluer les effets sublétaux du composé sur les étres
vivants. Toutefois, en raison de lavolatilisation rapide
du 1,1-DCE apartir de I’ environnement terrestre ou
aguatique, il n'y apaslieu de craindre un risque
important.
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RESUMEN DE ORIENTACION

Este CICAD sobre el 1,1-dicloroeteno (cloruro
de vinilideno) fue preparado por la Agenciaparala
Proteccion del Medio Ambiente de los Estados Unidos
(EPA). LaEPA examind los datos identificados hasta
abril de 2001 en el documento de eval uacién nacional
(USEPA, 2002d). Lainformacién relativa al carécter del
examen colegiado y aladisponibilidad de este docu-
mento de evaluacién nacional figuraen el apéndice 1. La
busgueda bibliogréfica para este CICAD se actualizo en
agosto de 2002. Lainformacién sobre el examen colegi-
ado de este CICAD aparece en el apéndice 2. Este
CICAD se aprob6 como evaluacion internacional en una
reunién de la Junta de Evaluacion Final, celebradaen
Monks Wood (Reino Unido) del 16 al 19 de septiembre
de 2002. Lalistade participantes en esta reunion figura
en el apéndice 3. LaFichainternacional de seguridad
guimica (ICSC 0083) para el 1,1-dicloroeteno, preparada
por el Programa Internacional de Seguridad de las
Sustancias Quimicas (IPCS, 2000), también se reproduce
en este documento.

El 1,1-dicloroeteno (CAS N° 75-35-4), 6 1,1-DCE,
no esté presente como tal en la naturaleza. Se produce
comercial mente mediante la deshidrocloracién del 1,1,2-
tricloroetano en presencia de un exceso de base o por
descomposicion térmica del metilcloroformo (1,1,1-
tricloroetano). El 1,1-DCE se utiliza como intermediario
cautivo en la produccion de hidroclorofluorocarburos
(HCFC-141b y HCFC-142b), de cloruro de cloroacetilo
y de homo-, co-, y terpolimeros (latex y resina). Los
polimeros se utilizan en diversos productos de consumo,
entre ellos el envasado de alimentos, lostextilesy los
muebles de exterior.

El 1,1-DCE se puede encontrar en el medio
ambi ente procedente de | as emisiones que se producen
durante su fabricacién y uso, de la desintegracion de
productos de polivinilideno y de la descomposicion del
1,1,1-tricloroetano, €l tetracloroeteno, el 1,1,2-tricloro-
etenoy el 1,1-dicloroetano. Las fuentes principales de
exposicién ambiental paralas personas son €l aire
ambientey el agua de bebida contaminada.

En el aguafredtica, labiotransformaciéndel 1,1-
DCE puede producir, mediante descloracion reductiva,
cloruro devinilo.

Laaltapresién de vapor y labaja solubilidad en
aguadel 1,1-DCE favorecen la presencia de concentraci-
ones rel ativamente altas en la atmosfera en comparacion
con otros compartimentos del medio ambiente. Los
radical es hidroxilo atmosféricos desempefian una
funcion importante en la degradacion del 1,1-DCE. Se
estima que la semivida atmosféricaes de 16 horas. La
volatilizacién es el principal proceso de transporte a
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partir del agua, €l sueloy los sedimentos. Basandose en
el coeficiente de reparto octanol/aguay lasolubilidad en
agua de los productos quimicos, se prevé una biocacumu-
lacion baja.

El 1,1-DCE se absorbe con rapidez tras la expo-
sicién por inhalacién o por viaoral. También es probable
la absorcién cuténea, debido a su masa molecular
relativamente bajay a su caracter hidr6fobo, aunque no
hay datos de interés publicados al respecto. Si bien el
1,1-DCE pasa con rapidez atodos los tejidos, la mayor
parte del 1,1-DCE libre, sus metabolitosy los derivados
de enlace covalente se encuentran en el higado y el
rifion. El 1,1-DCE se oxida con rapidez por accion dela
monooxigenasa 2E1 dependiente del citocromo P450
(CYP2E1) a6xido de 1,1-dicloroeteno (epoxido-DCE),
cloruro de 2-cloroacetilo y 2,2-dicloroacetaldehido. Los
metabolitos principales, el epoxido-DCEy el cloruro de
2-cloroacetilo pueden reaccionar con el glutation, el
agua o las macromol éculas tisulares. No se sabe si €l
metabolismo del 1,1-DCE es el mismo en las personas,
aungue se ha observado que en preparaciones micro-
somalesin vitro de higado y pulmén humanos se forman
|os mismos productos iniciales.

El unico estudio epidemiol bgico existente es
inadecuado para evaluar los efectos carcinogénicos del
1,1-DCE.

Traslaexposicion adosis altas por viaoral o por
inhalacién, los 6rganos destinatarios en animales de
experimentacion son €l higado, €l rifiény las células
Claradel pulmén. Tras laexposicion prolongada de ratas
adosis bajas por viaoral o por inhalacion se observé que
el principal érgano destinatario es el higado, sin
embargo en |os ratones expuestos por inhalacién el
Organo destinatario masimportante es el rifion.

Se han realizado bioval oraciones para el cancer
mediante |a exposicién por viaoral deratas, ratonesy
truchas. Si bien estas bioval oraciones tienen limitaciones
de protocol o, ninguna proporciona pruebas significativas
de que el 1,1-DCE seacarcindgeno por viaoral. Se han
realizado biovaloraciones para el cancer mediante la
exposicion de ratas, ratones y hdmsteres por inhalacién.
Lamayoria de estas bioval oraciones también tienen
limitaciones de protocol 0. En unabioval oracién con
ratones macho se puso de manifiesto un aumento de la
incidencia de adenocarcinomas de rifién con un solo
nivel de exposicion. Hay pruebas de que lainduccion de
adenocarcinomas de rifidn es una respuesta especificaen
funcién del sexo y dela especie, relacionadacon la
expresion del CYP2EL en el rifidn de los ratones macho.
L os resultados de una sola bioval oracion en laque se
puso de manifiesto un aumento de tumores en un solo
sexo 'y con un solo nivel de exposicién en una Unica
especie de roedores no son suficientes parajustificar una
evaluacion de la exposicion-respuesta.



1,1-Dichloroethene (Vinylidene Chloride)

El 1,1-DCE provoca mutaciones genéticas en
mi croorganismos en presencia de un sistemade
activacion exégeno. Lamayor parte de las pruebas con
células de mamiferosin vitro oin vivo no ponen de
manifiesto signos de genotoxicidad.

No hay pruebas de que latoxicidad reproductivao
lateratogenicidad sea un efecto critico del 1,1-DCE. No
se observ6 toxicidad reproductiva o del desarrollo en una
exposicion oral que provoco unatoxicidad minimaen el
higado de las crias. Hay algunas pruebas de variaciones
en el desarrollo del corazén traslaexposicion oral, pero
no estaclaro si estos efectos se deben alaexposicion
directaa 1,1-DCE. Hay pruebas de toxicidad fetal
(osificacion retardada) tras la exposicion por inhalacion
en ausencia de toxicidad materna.

En un solo estudio no hay pruebas que demuestren
que el 1,1-DCE provoca sensibilizaci6n cutanea.

Latoxicidad del 1,1-DCE esta asociadacon la
catalizacion de su metabolismo por el citocromo P-450
paraformar intermediarios reactivos que se unen por
enlace covalente a macromol éculas celulares. La
magnitud de esta uniodn es inversamente proporcional a
|a pérdida de glutation, de manera que la gravedad del
dafio tisular es paralela ala disminucién de glutation.
Por consiguiente, cabe suponer que las respuestasal 1,1
DCE en dosis bajas con una escasa disminucion del
glutation seran muy diferentes de las registradas con
dosisaltas, que provocan una reduccion sustancial de
dicho compuesto.

El efecto critico de laexposicion oral esun cambio
minimo de la grasa hepatocelular de la zona media en
ratas Sprague-Dawley hembra. Basdndose en un
BMDL,g (limite de confianza minimo del 95% con
respecto aladosis dereferencia[BMD] parauna
respuestadel 10%) de 4,6 mg/kg de peso corporal a dia
y un factor de incertidumbre total de 100, laingesta
tolerable es de 0,05 mg/kg de peso corporal al dia.

El efecto critico de laexposicién por inhalacién es
un cambio minimo de la grasa hepatocelular de lazona
media en ratas Sprague-Dawley hembra. Basandose en
un BMCL 4 (limite de confianza minimo del 95% con
respecto ala concentracién de referencia[BMC] para
una respuesta del 10%) de 6,9 mg/n? y un factor de
incertidumbre total de 30, la concentracion tolerable es
de 0,2 mg/n¥.

Laexposicion humanaa 1,1-DCE probablemente
esmuy variable, debido ala contaminacion especificade
determinados lugares. Sin embargo, |os datos dispon-
ibles parecen indicar que la exposicion media a partir del
agua de bebida no es superior a6-9 x 10> mg/kg de

peso corporal al dia para una personade 70 kg que
consuma dos litros de agua diarios. Es muy probable que
laexposicién oral apartir delosalimentosy el suelo sea
insignificante. Los datos disponibles parecen indicar que
el limite superior de la gama parala concentracién
mediade 1,1-DCE en el aire no rebasa el valor de

0,004 mg/n®. Asf pues, cabe prever una exposicion
humana muy inferior alaingestatolerable de

0,05 mg/kg de peso corporal al diay alaconcentracion
tolerable de 0,2 mg/n?.

S6lo hay datos limitados sobre los efectos del 1,1-
DCE en |os compartimentos acuatico y terrestre. En
estudios realizados en sistemas cerrados, |la CEyq parala
inhibicién del crecimiento de un cultivo metanotréfico
mixto fue de 0,05 mg/l; la CEsg alas 72 horas parala
inhibicién del crecimiento del alga verde Chlamydomo-
nasreinhardtii fue de 9,12 mg/l; y laCLsg alas 96 horas
para Lepomis macrochirusfue de 74 mg/l. Hay datos
limitados sobre lapresenciade 1,1-DCE en el agua
superficial que parecen indicar concentraciones del
orden de pg/l, por lo que el riesgo de toxicidad aguda
parael compartimento acuético debido a 1,1-DCE es
minimo. No hay datos sobre latoxicidad alargo plazo
gue permitan evaluar los efectos subletales del 1,1-DCE
en ninguln organismo. Sin embargo, debido asu
volatilizacién répida de |os compartimentos acuético y
terrestre no cabe esperar un riesgo significativo.
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