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Synopsis

Tetrachloroethylene is no longer produced in Canada but continues to be imported,
primarily for use as a solvent in the dry-cleaning and metal-cleaning industries.
Domestic consumption is approximately 14 kilotonnes per year. Since its uses are
dispersive and do not result in its transformation or destruction, the majority of the
tetrachloroethylene used in Canada is expected to enter the environment, primarily the
atmosphere. Tetrachloroethylene has been measured in outdoor air and in the air inside
homes within Canada, and has been detected in drinking water across the country and
in contaminated surface waters in the Great Lakes and the St. Lawrence River. The
substance is present in groundwaters in several provinces, often as a result of its
inappropriate disposal and release from dry-cleaning facilities or landfills.

Concentrations of tetrachloroethylene in surface waters in Canada are generally an
order of magnitude or more below the effects threshold estimated for the most
sensitive aquatic species. Limited data suggest, however, that concentrations in some
surface waters replenished by contaminated groundwaters may exceed this threshold.
For wild mammals, the estimated effects threshold is more than double the
“worst-case” daily intake estimated for mink. The estimated effects threshold for
terrestrial plants, notably trees exposed to tetrachloroethylene in the atmosphere, was
equivalent to airborne concentrations observed at a rural location, and was exceeded
by the mean concentrations reported for various urban locations.

Tetrachloroethylene is present in low concentrations and has a short half-life in the
atmosphere. As such, it is not expected to contribute significantly to the formation of
ground-level ozone, global warming or depletion of stratospheric ozone.

Based on data on the concentrations of tetrachloroethylene in outdoor ambient air,
indoor air, drinking water and food, the total daily average intakes of this substance by
various age groups of the general population have been estimated. These average daily
intakes are less (by approximately 13 to 28 times) than the tolerable daily intake
derived on the basis of studies in laboratory animals. The tolerable daily intake is the
intake to which it is believed that a person can be exposed daily over a lifetime
without deleterious effect.
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Based on these considerations, it has been concluded that tetrachloroethylene
occurs at concentrations that may be harmful to the environment, but that do not
constitute a danger to the environment on which human life depends, or to
human life or health.
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1.0 Introduction

TheCanadian Environmental Protection Act(CEPA) requires the federal Ministers of
the Environment and of Health to prepare and publish a Priority Substances List that
identifies substances, including chemicals, groups of chemicals, effluents and wastes,
that may be harmful to the environment or constitute a danger to human health. The
Act also requires both Ministers to assess these substances and determine whether they
are “toxic” as defined in section 11 of the Act, which states:

“...a substance is toxic if it is entering or may enter the environment in
a quantity or concentration or under conditions

(a) having or that may have an immediate or long-term
harmful effect on the environment;

(b) constituting or that may constitute a danger to the
environment on which human life depends; or

(c) constituting or that may constitute a danger in Canada
to human life or health."

Substances assessed as “toxic” according to section 11 may be placed on the List of
Toxic Substances (Schedule I of the Act). Consideration can then be given to
developing guidelines, codes of practice or regulations to control any aspect of their
life cycle, from the research and development stage through manufacture, use, storage,
transport and ultimate disposal.

The assessment of whether tetrachloroethylene is “toxic”, as defined under CEPA, was
based on the determination of whether itentersor is likely to enter the Canadian
environment in a concentration or quantities or under conditions that could lead to
exposureof humans or other biota to levels that could cause harmfuleffects.

Data relevant to the assessment of whether tetrachloroethylene is “toxic” to the
environment were identified from on-line searches completed in April 1992, of a
number of commercial databases (including ENVIROFATE, TOXLINE, BIOSIS,
MEDLARS II, CAB Abstracts, ELIAS, MICROLOG, ENVIROLINE, AQUAREF,
ASFA, BIOSIS Previews, NTIS, AQUIRE, CESARS, PHYTOTOX, AGRICOLA,
SWRA, RTECS, CA SEARCH, Soviet Science and Technology, Pollution Abstracts
and Hazardous Substances Databank). Data relevant to assessment of whether
tetrachloroethylene is “toxic” to the environment obtained after completion of these
sections of the document (October 1992) were not considered for inclusion.

Tetrachloroethylene

1



In addition to published scientific literature, the following individuals in
universities and government agencies were also contacted to identify relevant data:
Mr. A.D. Cameron (Water Resources Branch, Nova Scotia, Environment Canada);
Dr. J.A. Cherry (Waterloo Centre For Groundwater Research, Canada);
Ms. J. Deschamps (Department of the Environment, United Kingdom); Mr. R. Doyle
(Ontario Ministry of the Environment, Canada); Mr. B. Eckert (Ontario Ministry
of the Environment, Canada); Dr. K. Figge (NATEC Institute für
Naturwissenschaftlich-Technische Dienste GmbH, Germany); Mr. M.H. Laengner
(Ontario Ministry of the Environment, Canada); Dr. J.P. Lay (Deutsche Bundesstiftung
Umwelt, Germany); Dr. S. Lesage (Canada Centre for Inland Waters, Canada);
Mr. J. Rose (Transport Canada, Ottawa); Dr. P. Schröder (Fraunhofer Institute for
Atmospheric Environmental Research, Germany); Dr. D. Smyth (Waterloo Centre For
Groundwater Research, Canada); Mr. T. Wingrove (UMA Engineering, Canada).

Data relevant to the assessment of whether tetrachloroethylene is “toxic” to human
health were identified through evaluation of existing review documents of the Agency
for Toxic Substances and Disease Registry (ATSDR, 1990), as well as a more recent
update of this report (ATSDR, 1991), the U.S. Environmental Protection Agency
Office of Health and Environmental Assessment (U.S. EPA, 1985), the U.S.
Environmental Protection Agency Office of Drinking Water Criteria and Standards
Division (U.S. EPA, 1990), the International Programme on Chemical Safety/World
Health Organisation (WHO, 1984) and the European Chemical Industry Ecology and
Toxicology Centre (ECETOC, 1990), as well as a review prepared under contract by
Michael Holliday & Associates (Holliday and Park, 1991). On-line databases including
HSDB, RTECS, MEDLINE, TOXLINE, TOXLIT, IRIS, CHRIS, DOBIS, AQUAREF,
CODOC, FSTA and ELIAS were searched (up to October 1991) in order to identify
the relevant literature necessary to assess the environmental exposure and
toxicological effects of tetrachloroethylene on human health. Data relevant to
assessment of whether tetrachloroethylene is “toxic” to human health obtained after
completion of these sections of the document (April 1992), were not considered for
inclusion.

Review articles were consulted where appropriate; however, all original studies that
form the basis for determining whether tetrachloroethylene is “toxic” under CEPA
have been critically evaluated by staff of Health Canada (human exposure and effects
on human health) and Environment Canada (entry and environmental exposure and
effects). The following officials contributed to the preparation of this report:
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R. Arseneault (Environment Canada)
B.M. Braune (Environment Canada)
R.A. Kent (Environment Canada)
R.G. Liteplo (Health Canada)
M.E. Meek (Health Canada)
E.L. Porter (Environment Canada)
U.A. Schneider (Environment Canada)
M. Taché (Environment Canada)
S. Teed (Environment Canada)

In this report, a synopsis that will appear in theCanada Gazetteis presented. A
summary of technical information that is critical to the assessment, and which is
presented in greater detail in unpublished Supporting Documentation, is presented in
Section 2.0. The assessment of whether tetrachloroethylene is “toxic” is presented in
Section 3.0.

As part of the review and approvals process established by Environment Canada for its
contribution to these reports, sections related to the assessment of effects on the
environment were reviewed by Dr. N.J. Bunce (University of Guelph), Dr. H. Frank
(Universität Bayreuth, Germany), Dr. J.T. Trevors (University of Guelph) and
Dr. V. Zitko (Department of Fisheries and Oceans). Sections related to the assessment
of effects on human health were reviewed by Dr. T. Green (ICI Central Toxicology
Laboratory, Cheshire, U.K.; Supporting Documentation only), Dr. J. Borzelleca and
Dr. J. Egle (Medical College of Virginia), Dr. G. Plaa (Université de Montréal),
Dr. R. Bull (Washington State University) and BIBRA Toxicology International
(Surrey, U.K.), and subsequently approved by the Standards and Guidelines Rulings
Committee of the Bureau of Chemical Hazards. The entire Assessment Report was
reviewed and approved by the Environment Canada/Health Canada CEPA
Management Committee.

Copies of this Assessment Report and the unpublished Supporting Documentation are
available upon request from the:

Environmental Health Centre Commercial Chemicals Branch
Health Canada Environment Canada
Room 104 14th Floor
Tunney’s Pasture Place Vincent Massey
Ottawa, Ontario, Canada 351 Saint-Joseph Boulevard
K1A 0L2 Hull, Quebec, Canada

K1A 0H3

Tetrachloroethylene

3



2.0 Summary of Information Critical to
Assessment of “Toxic”

2.1 Identity, Properties, Production and Uses

The Chemical Abstracts Service (CAS) Registry Number for tetrachloroethylene is
127-18-4 and synonyms include 1,1,2,2-tetrachloroethylene, tetrachloroethene,
ethylene tetrachloride, carbon dichloride, carbon bichloride and perchloroethylene.
Trade names for tetrachloroethylene include Ankilostin, Antisal 1, Dee-Solv,
Didakene, DowPer, ENT 1860, Fedal-Un, Nema, Perk, Perclene, Percosolv, Perklone,
PerSec, Tetlen, Tetracap, Tetraleno, Tetravec, Tetroguer and Tetropil (WHO, 1984,
1987).

Tetrachloroethylene [C2Cl4; molecular weight = 165.8] is a nonflammable, nonviscous
liquid with a density of 1.62 g/mL at 20°C. It is relatively insoluble in water (water
solubility ranges from 150 to 484 mg/L at 10° to 25°C) [Schwarzenbachet al., 1979;
Banerjeeet al., 1980; Verschueren, 1983; Budavari, 1989]. The log Kow is
approximately 3, based on measured and calculated values of 2.53 (Banerjeeet al.,
1980) and 3.40 (Hansch and Leo, 1985), respectively. Tetrachloroethylene absorbs
infrared radiation, including wavelengths in the 7 to 13µm region (Sadtler Research
Laboratories, 1982). In air, 1 ppm is equivalent to 6.78 mg/m3 (at 25°C and 101 kPa)
[ATSDR, 1991; U.S. EPA, 1985].

The analytical method most widely reported in the literature for quantifying
tetrachloroethylene isolated from water, sediments, biota and air is gas chroma-
tography using an electron capture detector (Singhet al., 1982; Comba and Kaiser,
1983; Ziglioet al., 1983; Dann and Wang, 1992). Reported detection limits are as low
as 0.8 ng/L in water (Comba and Kaiser, 1983), 0.2µg/kg (fresh weight) in fish tissues
(Ofstadet al.1981) and 0.1µg/m3 in air (Dann and Wang, 1992).

Since the sole Canadian producer ceased production in May 1992 (Chen, 1993),
tetrachloroethylene is no longer manufactured in Canada. As a result, tetrachloro-
ethylene is imported into Canada to meet domestic demand. For 1990, total imports
and exports of tetrachloroethylene for Canada were 6.5 and 11.5 kilotonnes,
respectively, while annual domestic demand totalled 14.0 kilotonnes (CIS, 1990).
For the period 1983 to 1988, demand was estimated to be 14.5 kilotonnes per year.

Tetrachloroethylene is the principal solvent used in the dry-cleaning industry across
Canada (IPB, 1991). Approximately 10 kilotonnes of tetrachloroethylene were used for
this purpose in 1990 (CIS, 1990). Other major industrial uses of tetrachloroethylene in
Canada during 1990 included the cleaning and degreasing of metals (1.4 kilotonnes)
and the production of chlorofluorocarbons (2.2 kilotonnes). The sole Canadian
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manufacturer of chlorofluorocarbons ceased production of these chemicals in
December 1992 (Chen, 1993). Tetrachloroethylene is also used in smaller quantities in
Canada in the finishing and processing of textiles, the manufacture of paint removers
and printing inks, the formulation of adhesives and specialized cleaning fluids, and as
aerosols and dye carriers (IARC, 1979; Verschueren, 1983; WHO, 1984; Environment
Canada, 1990).

Tetrachloroethylene is present in household products, including automobile cleaners,
suede protectors, paint removers and strippers, water repellents, silicone lubricants,
belt lubricants and dressings, specialized aerosol cleaners, ignition wire driers, fabric
finishes, spot removers, adhesives, and wood cleaners (U.S. EPA, 1982).

2.2 Entry into the Environment

There are no known natural sources of tetrachloroethylene, and therefore entry into the
environment results from anthropogenic sources. Quantitative information on releases
of this substance into the Canadian environment from these sources is limited to
reported spills. In view of its volatility, and because its uses are dispersive and do not
result in its transformation or destruction, the majority of the tetrachloroethylene in
Canadian commerce is expected to enter the environment, primarily the atmosphere.
These releases occur during production and use from process or distillation vents, and
fugitive emissions. Releases have also occurred from the discharge of industrial and
municipal liquid effluents, and in leachate from some landfill sites.

The release of tetrachloroethylene from wastewater treatment plants in Sarnia, Ontario,
and Peace River, Alberta, has been reported. Concentrations in the Sarnia wastewater
treatment-plant influent and effluent were 31 and 26µg/L, respectively (Marsalek,
1986). Since these values were higher than those reported in both urban runoff and in
township ditches that convey surface runoff, it can be concluded that the sources of
tetrachloroethylene were commercial or industrial operations discharging into
municipal sewers. In Peace River, the concentration of tetrachloroethylene in the
sewage treatment-plant effluent was 8µg/L (NAQUADAT/ENVIRODAT, 1991).

A total of 34 spills involving tetrachloroethylene (ranging in volume from < 1 L to
43 652 L) have been voluntarily reported to the National Analysis of Trends in
Emergency Spills Database since 1977 (NATES, 1992) and the Dangerous Goods
Accident Information System since 1988 (DGAIS, 1992). These spills occurred in
7 Canadian provinces and 1 territory, and totalled 123 074 L. Of this total volume,
86.8% was spilled from industrial plants and storage facilities in the chemical and
services industry sector, while the remaining spills occurred during the transport of
tetrachloroethylene.

Tetrachloroethylene
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2.3 Exposure-related Information

2.3.1 Fate

The behaviour of tetrachloroethylene in the environment is affected by a number of
processes, including atmospheric photooxidation, volatilization and biotransformation.
Tetrachloroethylene that is discharged to the terrestrial or aquatic environment and not
removed by degradative or evaporative processes can accumulate in groundwater.

The primary environmental receiving compartment for tetrachloroethylene is the
troposphere. Reaction of tetrachloroethylene with photochemically-produced hydroxyl
radicals is the major mechanism of removal, while wet deposition is considered a
minor process (Howard, 1990; Singhet al., 1982). The products of the photooxidation
reaction include trichloroacetyl chloride, trichloroacetic acid, carbon monoxide,
hydrochloric acid, ozone and phosgene (Gayet al., 1976; U.S. EPA, 1982; Franket al.,
1991). Dimitriadeset al. (1983) reviewed the photochemical reactivity of tetrachloro-
ethylene in the atmosphere and in smog chambers and suggested that ambient
concentrations of tetrachloroethylene generally do not contribute significantly to
the formation of ground-level ozone in most urban atmospheres. Based on smog-
chamber studies, Frank (1990) reported the photooxidation yield of trichloroacetyl
chloride, which was subsequently hydrolysed to trichloroacetic acid, to be
approximately 80%. The latter compound has a short half-life in the troposphere, since
rainout is an effective removal process (Correiaet al., 1977). The estimated half-life
for tetrachloroethylene in the atmosphere varies according to the latitude, season and
concentration of hydroxyl radicals (Bunce, 1992). For Canada, the tropospheric
half-life has been calculated by Bunce (1992) to range from 27 to 58 days in June and
July. Limited degradation of tetrachloroethylene takes place in the troposphere during
winter months in Canada. Migration of tetrachloroethylene from the troposphere to the
stratosphere was estimated to take between 5 and 10 years (Rowland, 1990).

Tetrachloroethylene that is discharged into aquatic systems remains in solution, forms
coalesced droplets on the bottom or volatilizes into the atmosphere; however, based on
its relatively low water solubility and high vapour pressure, volatilization is considered
the dominant fate process (Callahanet al., 1979; Schwarzenbachet al., 1979;
Wakehamet al., 1983; Kaiser and Comba, 1986a). For tetrachloroethylene released as
a concentrated spill, a large portion will initially coalesce to form dense, non-aqueous
phase liquid (DNAPL) puddles on the bottom of water bodies, as occurred in the
St. Clair River, Ontario, following a major release in 1986 (Lau and Marsalek, 1986).
Subsequently, small droplets will separate, resuspend in the water column, dissolve
and ultimately volatilize. As a result, concentrations of tetrachloroethylene are
expected to be low in surface waters, except in areas of industrial discharge or
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accidental spills. By comparison, tetrachloroethylene is more persistent in
groundwater, since the rates of volatilization and biodegradation are greatly reduced
(U.S. EPA, 1985; WHO, 1984).

The amount of tetrachloroethylene adsorbed to soils is dependent on the partition
coefficient, the organic carbon content of the soil, the type of release (ponding or
streaming) and the concentration of tetrachloroethylene in the liquid phase (Seipet al.,
1986; Poulsen and Kueper, 1992). Tetrachloroethylene moves through sandy soil at
almost the same rate as water; however, there can be considerable retention in soils
with a higher organic carbon (2.2 to 3.7%) and clay (9.2 to 10.1%) content (Seipet al.,
1986). The permeability and porosity of soil as well as the amount of tetrachloro-
ethylene released will determine the depth to which tetrachloroethylene will migrate
into the soil. Tetrachloroethylene is, therefore, expected to be mobile in most soils and
able to penetrate to depths where groundwater can be contaminated (Poulsen and
Kueper, 1992; Schwille, 1988).

Results of identified laboratory, microcosm and pilot-scale studies indicate that
microbial degradation of tetrachloroethylene occurs under anaerobic conditions, but
not to any substantial extent under aerobic conditions (Bouweret al., 1981; Fogelet
al., 1986; Barrio-Lageet al., 1986; Freedman and Gossett, 1989). The general
pathway of microbial degradation of tetrachloroethylene under anaerobic conditions
involves reductive dehalogenation to trichloroethylene, dichloroethylene and vinyl
chloride, with mineralization to carbon dioxide or dehalogenation to ethylene as
end-products (Freedman and Gossett, 1989). Trichloroacetic acid can also be produced
from the oxidative biotransformation of tetrachloroethylene (Frank, 1989). The
products of the sequential dechlorination of tetrachloroethylene have been detected in
contaminated groundwater (Parsonset al., 1984; Jacksonet al., 1988; Lesageet al.,
1990).

Tetrachloroethylene likely has a low to moderate potential for bioconcentration, based
on its log octanol/water partition coefficient (log Kow ′ 3). Barrowset al. (1980)
examined the bioconcentration of waterborne tetrachloroethylene by bluegill sunfish
(Lepomis macrochirus) in a 21-day test. A whole-body bioconcentration factor (BCF)
of 49 was reported and the half-life for elimination was estimated to be < 1 day.
Neelyet al. (1974) reported a BCF of 39.6 for tetrachloroethylene in muscle of
rainbow trout (Oncorhynchus mykiss). In a 32-day early life-stage toxicity study with
fathead minnows (Pimephales promelas), a whole-body BCF of 61.5 was reported
(Ahmadet al.1984). Pearson and McConnell (1975) reported that the bioconcen-
tration of tetrachloroethylene in the liver of a marine fish (Limanda limanda)
[BCF = 200 to 400] was two orders of magnitude greater than in muscle (BCF = 5 to
9). The accumulation of tetrachloroethylene in terrestrial plants can occur following
exposure to low ambient concentrations of this substance (Figge, 1990).
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2.3.2 Concentrations

Tetrachloroethylene has been detected in outdoor and indoor air, surface and
groundwater, drinking water, sediment, and biota in various regions of Canada. Data
on the concentrations of tetrachloroethylene in surface water, groundwater and outdoor
air are represented in Figures 1 and 2.

Concentrations of tetrachloroethylene in air in remote regions are generally in the
ng/m3 range, with higher levels occurring in urban areas (e.g., Singhet al.1977). The
concentration of tetrachloroethylene in ambient air can fluctuate over relatively short
periods of time (changes close to one order of magnitude within hours) depending on
the strength of emission sources, variations in wind direction and velocity, and rain
scavenging and photodecomposition (Frank, 1991; Figge, 1990; Ohtaet al., 1977).

In a recent national survey conducted in 1990 of 22 sites in 11 Canadian cities, mean
concentrations of tetrachloroethylene in outdoor urban air ranged from 0.2µg/m3 to
5.0µg/m3 (detection limit = 0.1µg/m3) [Dann and Wang, 1992]. The maximum level
recorded was 45.7µg/m3, in Hamilton, Ontario (Dann and Wang, 1992). In a limited
survey conducted in 1987, tetrachloroethylene was detected in ambient air near 6
homes in Toronto, Ontario; the mean concentration was 1.9µg/m3 (Chanet al., 1990).
Bell et al. (1991) reported mean concentrations of tetrachloroethylene of 1.6 and
0.6µg/m3 in samples of air obtained from 5 residential and 16 business district sites in
Toronto, Ontario, in 1990. The mean concentration of tetrachloroethylene in 40
samples of air obtained at Walpole Island (a rural location in Ontario) between January
and November 1990 was 0.2µg/m3; the maximum level was 0.4µg/m3 (Dann and
Wang, 1992).

Otsonet al. (1992) reported, on the basis of preliminary results, that the mean
concentration of tetrachloroethylene in the indoor air of 757 randomly selected homes
within Canada was approximately 5.1µg/m3 (method detection limit = 2µg/m3). The
concentration of tetrachloroethylene in the indoor air of 12 homes in the Toronto area
ranged from 1 to 171µg/m3 (Chanet al., 1990). At these locations, the concentration
of tetrachloroethylene in the ambient outdoor air ranged from not detectable (detection
limit not clearly described) to 4µg/m3. Bell et al. (1991) reported concentrations of
tetrachloroethylene in 3 urban (Toronto-area) homes ranging from 2.8 to 9.0µg/m3,
while the levels in 8 business offices ranged from trace (i.e., between 1.4 and
7.1µg/m3) to 34.9µg/m3; the mean concentrations were 5.8 and 13.9µg/m3,
respectively. The results of the latter 2 studies are limited, owing to the small number
of samples analyzed.
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Based on limited data identified for Canadian surface waters, environmental levels of
tetrachloroethylene are generally low unless the waters receive direct releases from
industrial or other sources. Tetrachloroethylene was measured at several sites in the
St. Lawrence River near the Ottawa River confluence, Lac St. Louis and Québec City;
concentrations were reported to range from 2 to 12µg/L (Allan, 1988). In another
study in the St. Lawrence River, the mean concentration of tetrachloroethylene in
297 samples was 0.012µg/L, with a maximum value of 27µg/L (Combaet al., 1989).
Concentrations of tetrachloroethylene in 10 samples of surface water from Crawford
Lake (a meromictic lake in Ontario that was isolated from known sources of
contamination) ranged up to 0.009µg/L (detection limit = 0.0008µg/L); the authors
suggested that atmospheric transport could have been the source of the
tetrachloroethylene (Comba and Kaiser, 1983).

The transboundary waters of the St. Clair and Niagara Rivers are contaminated by a
number of industrial sources in Canada and the United States. Concentrations of
tetrachloroethylene in samples of bottom water collected downstream from petroleum
products facilities on the St. Clair River near Sarnia, Ontario, ranged from 0.002µg/L
to 34.6µg/L (Kaiser and Comba, 1986b). Kaiser and Comba (1986b) calculated a
mean concentration of tetrachloroethylene of 0.21µg/L (based on an analysis of
8 samples of water) at the point where the St. Clair River enters Lake St. Clair. These
authors also reported concentrations of tetrachloroethylene in an effluent outfall in the
St. Clair River as high as 0.28µg/L (Comba and Kaiser, 1985). As part of an extensive
investigation of trace organics in the St. Clair River that was initiated following the
discovery of black liquid puddles containing tetrachloroethylene on the river bottom at
Sarnia, Marsalek (1986) reported that the mean concentration of tetrachloroethylene at
8 urban runoff sites was 4.4µg/L (range = 0.05 to 26.0µg/L; the detection limit was
not stated). Furthermore, ambient mean concentrations of tetrachloroethylene at
43 stations from the river headwaters to the St. Clair delta ranged from non-detected
to 11.0µg/L (detection limit = 1µg/L; distances from shore = 10 m, 30 m, and 100 m;
sampling depths = 1 to 16 m; 6 to 14 samples per station) during a monitoring
program from May to October 1986. The highest individual value was 44µg/L in a
sample obtained 30 m offshore from a chemical plant outfall in Sarnia, Ontario, at a
depth of 7 m (OME, 1991a). Concentrations of tetrachloroethylene in ambient
suspended solids ranged from non-detected to 2 800 ng/g in surface waters, and from
non-detected to 2 900 ng/g in bottom waters (dry weight; detection limit = 1 ng/g;
detected in 18 of 25 samples and in 20 of 23 samples collected, respectively).
Concentrations of tetrachloroethylene in surficial sediments that were analyzed
during the same study ranged from 0.4 to 1 300 ng/g (dry weight) [detected in 19 of
30 sediment samples collected] (OME, 1991a).
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The mean concentration of tetrachloroethylene in 17 samples of surface water
collected from the lower Niagara River in 1981 was 0.036µg/L, with a maximum
level of 0.134µg/L (Kaiseret al., 1983). Except for one sample collected at the heavily
industrialized, western end of Lake Ontario (0.59µg/L), measurable levels of
tetrachloroethylene in 82 samples of water from Lake Ontario did not exceed
0.015µg/L (Kaiseret al., 1983).

Contamination of groundwater with tetrachloroethylene has been observed in several
areas in Canada, most often in association with dry-cleaning facilities and waste
disposal sites. In a recent investigation of an aquifer under the town of Manotick,
Ontario (December 1991 to November 1992), concentrations of tetrachloroethylene
ranged from below detection to 80 000µg/L (detection limit = 2.0µg/L; more than
220 samples were analyzed); mean concentrations ranged from below the detection
limit to 66 000µg/L. Improper disposal of tetrachloroethylene by a dry-cleaning
establishment that closed in 1988 was reported to be the source of contamination
(Doyle, 1992; Eckert, 1993). Tetrachloroethylene was also detected in groundwater in
Angus, Ontario, in 1992, where concentrations ranged from 8µg/L to 27 000µg/L
(more than 130 samples were analyzed) [Laengner, 1992] and mean concentrations at
individual sites ranged from 61µg/L to 20 683µg/L. The source of contamination was
not identified, although the affected wells were in close proximity to a dry-cleaning
facility.

Groundwater contamination has also been observed in several areas in Nova Scotia,
including the towns of New Minas, Truro and Amherst (Cameron and McLeod, 1983;
Brodie and McLeod, 1984; McLeodet al., 1985). In New Minas, samples of water
were collected in 1983 from both the deep and shallow wells serving the town.
Concentrations of tetrachloroethylene ranged from 153µg/L to 290µg/L (mean =
228µg/L; 3 samples, detection limit = 2µg/L) and from 95µg/L to 145µg/L
(mean = 114µg/L; 4 samples) for deep and shallow wells, respectively. The aquifer
was contaminated by a dry-cleaning establishment, although other minor sources of
tetrachloroethylene were not ruled out. This same aquifer feeds a surface spring
and a nearby pond, not connected to the spring. A sample of surface water
collected at the point where the spring flowed into a nearby stream contained
244µg/L tetrachloroethylene, while the sample from the pond contained 177µg/L
tetrachloroethylene (Brodie and McLeod, 1984).

Reports of groundwater contamination with tetrachloroethylene were identified for
3 landfill sites in Canada. Concentrations of tetrachloroethylene in groundwater
under the landfill at Ville Mercier, Quebec following a waste oil spill ranged from
1 µg/L to 9 859µg/L at the 10 sites tested (Pakdelet al., 1989). Lesageet al. (1990)
reported concentrations of tetrachloroethylene in the outwash aquifer from the
landfill site in Gloucester, Ontario ranging from below the detection level to
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105µg/L (detection limit = 1µg/L). Mean concentrations of tetrachloroethylene in
groundwater at depths of 19.6 to 25.6 m near the Woolwich Township landfill in
Ontario were 0.79 to 1.7µg/L (Reinhardet al., 1984).

Tetrachloroethylene was detected in 39 of 90 samples of potable water obtained from
30 water-treatment plants across Canada in 1979; the maximum concentration was
4 µg/L (Otsonet al., 1982). In a subsequent study, Otson (1987) detected (detection
limit = 0.1 µg/L) tetrachloroethylene in only one of 45 samples of potable water
obtained (during 1982 and 1983) from 10 water-purification plants in the Great Lakes
region.

During the years 1985, 1987 and 1988, tetrachloroethylene was detected in 2 of 31
samples of (treated) drinking water obtained in Newfoundland. The maximum
reported concentration was 0.2µg/L, which was below the minimum quantitation limit
of 0.5µg/L (Environment Canada, 1989a). During the period between 1986 and 1988,
tetrachloroethylene was detected in 14 of 23 samples of drinking water obtained in
Prince Edward Island. The maximum reported concentration was 4.2µg/L, which was
well above the minimum quantitation limit of 0.5µg/L (Environment Canada, 1989b).
Tetrachloroethylene was detected in 25 of 43 samples of drinking water obtained in
Nova Scotia during the years 1985 to 1987; the maximum reported level was 2.4µg/L,
which was well above the minimum quantitation limit of 0.5µg/L (Environment
Canada, 1989c). Tetrachloroethylene was detected (minimum quantitation limit =
0.5µg/L) in 14 of 37 samples of drinking water obtained in New Brunswick between
1985 and 1988 (Environment Canada, 1989d); the maximum concentration was
4.2µg/L.

Tetrachloroethylene was detected (detection limit = 0.05µg/L) in 22 of 93 samples of
drinking water obtained from municipalities in the province of Quebec, during the
period between 1985 and 1988 (Quebec Ministry of the Environment, 1990); the
highest reported concentration was 1.5µg/L.

Tetrachloroethylene was detected at trace levels (i.e., below the detection limits of
0.2 or 3.0µg/L) in only 3 of 1 512 samples of water taken from 215 treated and 14 raw
water supplies in the province of Alberta between the years 1986 and 1991 (Alberta
Environment, 1991). In samples of drinking water obtained from 106 sites in the
province of Ontario during the period 1988 to 1991, the levels of tetrachloroethylene
ranged from not detectable (detection limit = 0.05µg/L) to 5.25µg/L (OME, 1991b).

Little information was identified with respect to the concentration of tetrachloro-
ethylene in Canadian soil, although it has been detected (at concentrations ranging
from 0.006 to greater than 10 mg/kg dry matter) in samples obtained from an industrial
site in Vancouver (Golder Associates, 1989).
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Only limited information was identified on the concentrations of tetrachloroethylene in
biota in Canada. Levels ranged from 220 to 380 ng/g (mean = 307 ng/g; 3 samples;
wet weight; detection limit was not stated) in juvenile emerald shiners (Notropis
atherinoides) in 3 locations in the St. Clair River, Ontario, in 1985. Levels ranged
from 4 to 31 ng/g (mean = 16 ng/g) in 3 samples obtained from the same locations in
1986 (OME, 1991a). Tetrachloroethylene was also identified (but not quantified) in
whole body lipid extracts from adult herring gulls collected in 1973 from Pigeon
Island near Kingston Harbour, Lake Ontario, and in whole body lipid extracts from
adult herring gulls found feeding in the Kingston garbage dump during 1976
(Hallettet al., 1982).

No information on the concentration of tetrachloroethylene in terrestrial plants in
Canada was identified; however, Diezelet al. (1988) reported that the mean
concentration of tetrachloroethylene in spruce needles downwind from a heavily
industrialized area in Germany was 5.5 ng/g (detection limit = 3 ng/g; dry or wet
weight not specified; number of samples unknown).

Information on the concentration of tetrachloroethylene in foodstuffs in Canada is
extremely limited. Based on market-basket surveys in the United States reported by
Daft (1988) [231 samples] and Heikes (1987), the average concentrations of
tetrachloroethylene in dairy, meat, cereal, fruit, vegetable, fats and oil, and sugar
composites (Environmental Health Directorate, 1992) were estimated to be
approximately 6.6, 12.3, 14.7, 0.8, 0.4, 12.9 and 2.9 ng/g, respectively.

2.4 Toxicokinetics

The major metabolites of tetrachloroethylene in the urine of laboratory animals
(rodents) are trichloroacetic acid and oxalic acid. Minor metabolites, which have been
detected in some but not all studies, include trichloroethanol, dichloroacetic acid and
N-oxalylaminoethanol (U.S. EPA, 1985; Dekantet al., 1986). Minor amounts (from
1 to 2%) of CO2 (which is eliminated in the expired air) may also be produced from
the metabolism of tetrachloroethylene (Pegget al., 1979). The results of a number of
studies have indicated that the oxidative metabolism of tetrachloroethylene in
laboratory animals (i.e., rodents) is limited at elevated levels of exposure. In mice,
the hepatotoxic effect of tetrachloroethylene appears to be related to the extent of its
oxidative metabolism (Buben and O’Flaherty, 1985).

Trichloroacetic acid has been identified as the principal metabolite of tetrachloro-
ethylene in humans (ATSDR, 1990; U.S. EPA, 1985); however, only a very small
amount (from 1 to 2%) of the tetrachloroethylene absorbed by humans is metabolized
and subsequently excreted in the urine as trichloroacetic acid—most of the absorbed
material is eliminated unchanged in expired air (Monster, 1979; Monsteret al., 1979;
Ohtsukiet al., 1983; Koppelet al., 1985; Riihimaki, 1985; Fernandezet al., 1976;
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Ogataet al., 1971). The liver is regarded as the primary site of the oxidative
metabolism of tetrachloroethylene to trichloroacetic acid. Trichloroethanol has also
been identified in the urine of individuals exposed to tetrachloroethylene, although
it is a relatively minor metabolite (U.S. EPA, 1985; ATSDR, 1990). The oxidative
metabolism of tetrachloroethylene to trichloroacetic acid appears to be limited at levels
of exposure greater than 50 ppm to 100 ppm (339 to 678 mg/m3) [Ikedaet al., 1972;
Ikeda, 1977; Ohtsukiet al., 1983]. The available data indicate that the metabolism of
tetrachloroethylene to trichloroacetic acid is greater in mice than in either rats (Pegget
al., 1979; Schumannet al., 1980; Odumet al., 1988; Bolt, 1987) or humans (Ikeda
and Ohtsuji, 1972).

In rodents, tetrachloroethylene may also be conjugated with cellular glutathione,
followed by loss of glutamine and glycine, producing S-(1,2,2-trichlorovinyl)-
L-cysteine, which may be either metabolized via the mercapturic acid pathway,
producing N-acetyl-S-(1,2,2-trichlorovinyl)-L-cysteine (which is excreted in the
urine), or activated by the renalβ-lyase enzyme producing the (putative) highly
reactive intermediate, trichlorovinylthiol, which upon rearrangement may be
capable of forming covalent links with proteins or nucleic acids. Formation of the
tetrachloroethylene-glutathione conjugate takes place in the liver, with subsequent
metabolism occurring primarily in the kidney (Green, 1990a). The conjugation of
tetrachloroethylene with glutathione and activation of S-(1,2,2-trichlorovinyl)-
L-cysteine by the renalβ-lyase occurs to a greater extent in rats than in mice (Dekant
et al., 1986; Green, 1990a). Based on the results of dose-response studies, Greenet al.
(1990) concluded that the glutathione-conjugation pathway of tetrachloroethylene
metabolism only becomes quantitatively important, once the oxidative pathway is
saturated.

The results ofin vitro enzymatic assays have indicated that humans appear to lack the
hepatic enzyme required to synthesize the tetrachloroethylene-glutathione conjugate,
and that the metabolism of S-(1,2,2-trichlorovinyl)-L-cysteine in male rats is
approximately 2-fold greater than in females and 30-fold higher than in mice or
humans (of either sex) [Greenet al., 1990]. Thus, although conjugation of
tetrachloroethylene with glutathione and activation of S-(1,2,2-trichlorovinyl)-
L-cysteine by the renalβ-lyase does take place in rats and (to some extent) in mice, it
may not be relevant to humans (or the enzymatic activities in humans may be much
less) [Green, 1990a].
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2.5 Effects-related Information

2.5.1 Experimental Animals andIn Vitro

The acute toxicity of tetrachloroethylene is relatively low. LC50s for the 4-hour
exposure of mice to tetrachloroethylene range from 2 613 ppm to 5 200 ppm
(17 716 to 35 256 mg/m3) [NTP, 1986; Friberget al., 1953]. The LD50 for the oral
administration of tetrachloroethylene to these animals is approximately 8.1 g/kg bw
(Wenzel and Gibson, 1951). LC50s for the 4-hour exposure of rats to tetrachloro-
ethylene between 2 445 ppm and 5 163 ppm (16 577 to 35 005 mg/m3) have been
reported (NTP, 1986; Bonnetet al., 1980). The LD50 for the oral administration of
tetrachloroethylene to these animals ranges from 3.0 to 12.96 g/kg bw (Hayeset al.,
1986; Withey and Hall, 1975; Smythet al., 1969). The acute exposure of laboratory
animals to tetrachloroethylene produces hypoactivity, ataxia, anaesthesia, tremors and
central nervous system (CNS) depression. Liver and kidney dysfunction have also
been observed at near-lethal doses.

Dose-dependent adverse effects in the liver, kidney, hematopoetic, reproductive and
central nervous systems are associated with the repeated exposure of experimental
animals to tetrachloroethylene, with mice being more sensitive than rats to the
hepatotoxic effects. In short-term studies, exposure (7 hours/day, 5 days/week over
a period of 18 days) of rats to high concentrations (2 500 ppm; 16 950 mg/m3) of
tetrachloroethylene reduced survival by 90% (Roweet al., 1952). The continuous
exposure of mice to 9 ppm (61 mg/m3) tetrachloroethylene for 30 days produced
small increases in plasma butyrylcholinesterase activity and liver weight
(lowest-observed-effect-level (LOEL) = 9 ppm; 61 mg/m3) [Kjellstrandet al., 1984].
The exposure of mice to 50 ppm (339 mg/m3) tetrachloroethylene for 4 weeks
produced minor changes in the levels of hepatic and renal microsomal proteins
(LOEL = 50 ppm; 339 mg/m3) [Soniet al., 1990]. A LOEL of 100 mg/kg bw/day in
B6C3F1 mice, and a no-observed-effect-level (NOEL) of 500 mg/kg bw/day in
Sprague-Dawley rats was derived on the basis of the results from a study in which this
substance was administered (orally) to these animals for 11 consecutive days; effects
observed at the LOEL were an increased liver/body weight ratio and hepatocellular
hypertrophy and swelling (Schumannet al., 1980).

A NOEL of 100 ppm (678 mg/m3) was derived from a study in which the exposure of
F344/N rats and B6C3F1 mice to tetrachloroethylene for 6 hours/day, 5 days/week for
13 weeks produced effects including diminished survival and reduced weight gain (in
both species) and lung and liver congestion (in rats), as well as hypoactivity, poor
coordination, unconsciousness, hepatic (centrilobular necrosis, bile stasis, leucocyte
infiltration) and renal (karyomegaly) toxicity in mice (NTP, 1986). The LOEL was
considered to be 20 mg/kg bw/day based on hepatic damage (degeneration,
karyorrhexis, necrosis, polyploidy) observed in a study in which tetrachloroethylene
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was administered orally to Swiss-Cox mice for 5 days/week over a period of 6 weeks
(Buben and O’Flaherty, 1985). A NOEL of 14 mg/kg bw/day was derived from a
study in which the administration of drinking water containing tetrachloroethylene to
Sprague-Dawley rats over a period of 90 days produced effects at the next highest
concentration, which included reduced weight gain and altered liver or kidney to body
weight ratios (Hayeset al., 1986). Marth (1987) reported reversible erythropoietic
damage in mice receiving low concentrations of tetrachloroethylene in drinking water
(equivalent to 50µg/kg bw/day) over a period of 49 days; however, these results have
not been confirmed in other studies.

The toxicological effects produced by the chronic exposure of laboratory animals to
tetrachloroethylene have been examined only in studies primarily designed to assess
the carcinogenic potential of this substance (NTP, 1986). Toxic effects produced by
chronic exposure (6 hours/day, 5 days/week over a period of 103 weeks) of F344/N
rats to tetrachloroethylene included a significant reduction in their survival, an
increased incidence of renal karyomegaly in both males and females, renal tubular
cell hyperplasia in the males, an increased incidence of nasal cavity thrombosis and
nasal squamous metaplasia, and an increased incidence of adrenal medullary (males)
and cortical (females) hyperplasia (lowest-observed-adverse-effect-level [LOAEL] =
200 ppm; 1 356 mg/m3) [NTP, 1986].

Compared to unexposed controls, the exposure (6 hours/day, 5 days/week for 103
weeks) of F344/N rats to 200 or 400 ppm (1 356 or 2 712 mg/m3) tetrachloroethylene
produced a small (but not statistically significant) increase in the incidence of renal
tubular cell adenomas and adenocarcinomas in the male, but not in female animals
(NTP, 1986). The incidence of renal tubular cell adenomas or adenocarcinomas in
groups of male rats exposed to 0, 200 or 400 ppm (0, 1 356 or 2 712 mg/m3)
tetrachloroethylene was 1/49, 3/49 and 2/50, and 0/49, 0/49 and 2/50, respectively.
The incidence of testicular interstitial tumours (39/49 and 41/50 in males exposed to
200 or 400 ppm (1 356 or 2 712 mg/m3) tetrachloroethylene was slightly (but
significantly) increased compared to controls (35/50), although the increase was not
considered to be substance related, since the incidence in both exposed groups was
similar to the overall incidence (89%) observed in historical controls (NTP, 1986).
In male and female rats exposed to 0, 200 and 400 ppm (0, 1 356 or 2 712 mg/m3)
tetrachloroethylene, the incidence of mononuclear cell leukemia was 28/50, 37/50,
37/50, and 18/50, 30/50, 29/50, respectively. It should be noted, however, that in this
particular study the incidence of this type of tumour (56% and 36%) in the male and
female non-exposed controls was higher than in historical controls.
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Enhanced cellular proliferation resulting from cell damage produced by the renal
accumulation ofα2u-globulin (i.e., hyaline droplet formation resulting in hyaline
droplet nephropathy), and the formation of genotoxic metabolites of tetrachloro-
ethylene within the kidney, have been proposed as mechanisms by which
tetrachloroethylene induces the formation of kidney tumours in male rats exposed to
this substance. The mechanism by which structurally diverse hydrocarbons (including
tetrachloroethylene) induce hyaline droplet nephropathy in male rats has been well
documented (Goldsworthyet al., 1988; Swenberget al., 1989; Olson et al., 1990).
It is believed that the substance (or one of its metabolites) binds toα2u-globulin, which
is normally reabsorbed in the kidney by endothelial cells within the P2 segment of the
proximal tubule. Binding of the substance reduces the catabolism ofα2u-globulin,
resulting in its accumulation within the lysosomes of these cells (i.e., protein droplet
accumulation). Protein droplet accumulation leads to lysosomal overload, resulting in
cell necrosis and subsequent cellular regeneration, characteristic of hyaline protein
nephropathy. Resulting excessive renal cell proliferation may ultimately lead, in a few
cases, to the development of renal tubular adenocarcinomas. Importantly,α2u-globulin
is produced in large amounts in the male F344 rat, but not in female F344 rats, mice or
humans (Olsonet al., 1990).

Hyaline droplet formation has been observed in the kidneys of male F344 rats
exposed for short periods to concentrations of tetrachloroethylene higher than those
administered in the NTP bioassay (e.g., following exposure [by inhalation for up to
10 days] to 1 000 ppm [6 780 mg/m3] tetrachloroethylene [Greenet al., 1990]).
While hyaline droplet formation has been observed in the kidneys of male F344 rats
receiving (orally) 1 g/kg bw/day tetrachloroethylene for 10 days (Goldsworthyet al.,
1988) or 1.5 g/kg bw/day tetrachloroethylene for 42 days (Greenet al., 1990), a
similar effect was not observed in female F344 rats (Goldsworthyet al., 1988).

It has also been proposed that covalent binding to nucleic acids or proteins of a
reactive metabolite produced in the kidney by the glutathione-conjugation pathway of
tetrachloroethylene metabolism (which may become quantitatively important upon
saturation of the oxidative pathway [Greenet al., 1990]), may also play a role in the
induction of renal tumours in male rats (Green, 1990a, 1990b; Greenet al., 1990;
Dekantet al., 1990a, 1990b; Vamvakaset al., 1989).

Toxic effects produced by the chronic exposure (6 hours/day, 5 days/week over a
period of 103 weeks) of B6C3F1 mice to tetrachloroethylene included diminished
survival, an increased incidence of renal nephrosis and tubular cell karyomegaly and
an increased number of renal casts, as well as increased lung congestion, hepatic
degeneration and necrosis (LOAEL = 100 ppm; 678 mg/m3) [NTP, 1986]. The
exposure (6 hours/day, 5 days/week for 103 weeks) of B6C3F1 mice to 0, 100 or
200 ppm (0, 678 or 1 356 mg/m3) tetrachloroethylene produced an increase in the
incidence of hepatocellular carcinomas in both males and females (7/49, 25/49 and
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26/50 in males and 1/48, 13/50 and 36/50 in females, respectively) [NTP, 1986]. The
incidence of hepatocellular adenomas (12/49, 8/49 and 19/50 in male mice exposed to
0, 100 and 200 ppm (0, 678 and 1 356 mg/m3) tetrachloroethylene was only increased
at the highest concentration (NTP, 1986).

The exposure of male and female Sprague-Dawley rats to 300 or 600 ppm (2 034 or
4 068 mg/m3) tetrachloroethylene for 6 hours/day, 5 days/week for 52 weeks did not
significantly increase the incidence of tumours, compared to unexposed controls
(Rampyet al., 1978, cited in ATSDR, 1990; ECETOC, 1990; U.S. EPA, 1985);
however, these results are inconclusive, due to the relatively short period of exposure.
In a carcinogenesis bioassay in which tetrachloroethylene (dissolved in corn oil) was
administered by gavage (NCI, 1977), there was an increase in the incidence of
hepatocellular carcinomas in both male and female B6C3F1 mice, but no increase in
tumour incidence in Osborne-Mendel rats; however, reduced survival in both species,
due, in part, to respiratory disease and pneumonia, the presence of impurities in the
administered tetrachloroethylene, and the large volume of vehicle used, limit the
usefulness of these results.

The incidence of lung tumours in A-strain mice was not increased following the
intraperitoneal administration of tetrachloroethylene (Theisset al., 1977; Maronpotet
al., 1986). Tetrachloroethylene was not significantly carcinogenic in “skin tumour”
assays (Van Duurenet al., 1979), and evidence concerning the potential of
tetrachloroethylene to act as a tumour “promoter” in a liver-tumour induction assay
system is equivocal (Milmanet al., 1988; Lundberget al., 1987).

Based on examination of a range of genetic end-points in bothin vitro andin vivo
bioassays, the weight of evidence indicates that tetrachloroethylene is not genotoxic
(see Supporting Documentation).

Following the exposure of pregnant mice to tetrachloroethylene, the substance was
found within embryonic and fetal tissues (Ghantouset al., 1986). On the basis of
limited available data, tetrachloroethylene has not been teratogenic and has induced
minor embryotoxic and foetotoxic effects, but only at doses or concentrations toxic to
the mothers (see Supporting Documentation).

The neurotoxicological effects produced by the exposure of laboratory animals
to tetrachloroethylene are dose dependent. The exposure of rodents to 1 600 to
5 163 ppm (10 848 to 35 005 mg/m3) tetrachloroethylene produced restlessness,
tremors, CNS depression, ataxia and loss of equilibrium and coordination (Roweet al.,
1952; NTP, 1986). The administration (oral) of tetrachloroethylene (in doses ranging
from 2 200 to 8 850 mg/kg bw) to Sprague-Dawley rats resulted in tremors, ataxia and
CNS depression being observed prior to death of the animals (Hayeset al., 1986).
Exposure of Mongolian gerbils to concentrations of tetrachloroethylene as low as
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60 ppm (407 mg/m3) produced small alterations in the DNA content in the brain
(Rosengrenet al., 1986); however, no relationship was established between this
biochemical change and any other neurotoxicological or neurobehavioral effects.
Alterations in the levels of DNA, lipid, protein and amino acids in the brain of
Mongolian gerbils or rats exposed to concentrations of tetrachloroethylene ranging
from 120 to 320 ppm (814 to 2 170 mg/m3) have also been observed (Rosengrenet al.,
1986; Kyrklundet al., 1990; Brivinget al., 1986); however, the biological
significance of these changes is not clear. The short-term (4-day) exposure of male
Sprague-Dawley rats to 200 ppm (1 356 mg/m3) tetrachloroethylene had no significant
effect on the protein or RNA content of the brain, but ambulatory (open-field)
behaviour was transiently increased immediately after exposure (Savolainenet al.,
1977).

Aranyi et al. (1986) reported that exposure (3 hours) of female CD1 mice to 50 ppm
(339 mg/m3) tetrachloroethylene resulted in a diminished resistance to streptococcal
pneumonia and reduced pulmonary bactericidal activity, compared to unexposed
controls. Effects in mice exposed to 25 ppm (170 mg/m3) tetrachloroethylene were not
significantly different from those of the controls.

2.5.2 Humans

The accidental (acute) exposure of humans to elevated concentrations of
tetrachloroethylene produces hepatotoxic and nephrotoxic effects, and death (Stewart,
1969; Koppelet al., 1985; Levineet al., 1981; Hake and Stewart, 1977; U.S. EPA,
1985; ATSDR, 1990). In clinical studies, following short-term exposure of volunteers
to concentrations of tetrachloroethylene ranging from 106 to 2 000 ppm (719 to
13 560 mg/m3), symptoms ranging from mild eye and nasal irritation to dizziness and
anaesthesia were observed (LOAEL = 106 ppm; 719 mg/m3) [Carpenter, 1937; Rowe
et al., 1952]; with increasing concentrations of tetrachloroethylene, the severity of the
effects increased, while the time of onset became shorter. Light-headedness, speech
difficulties, nausea, and eye and throat irritation were observed in male and female
volunteers exposed to 100 ppm (678 mg/m3) tetrachloroethylene for 7 hours/day
(for 5 consecutive days) [Stewartet al., 1970].

In a clinical study, Altmannet al. (1990) reported that exposure to 50 ppm
(339 mg/m3) tetrachloroethylene can lead to mild visual system dysfunction,
manifested as delayed neuronal processing time and altered contrast perception;
however, exposure to 10 ppm (67.8 mg/m3) tetrachloroethylene had no significant
effect upon peripheral hearing ability. Neurobehavioral changes produced by
long-term occupational exposure to tetrachloroethylene may include deficits in
visual/spatial function and cognitive flexibility, changes in mood (Echeverriaet al.,
1991), and clinical and preclinical effects upon frontal lobe and limbic functions
(White and Echeverria, 1992).
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The incidence of, or mortality due to, cancer associated with occupational exposure
to tetrachloroethylene has been examined in case-control studies of laundry and
dry-cleaning workers with liver (Stemhagenet al., 1983) or bladder (Smithet al.,
1985) cancer, and in cohort studies of populations employed in the dry-cleaning and
laundry industry (Blairet al., 1979, 1990; Katz and Jowett, 1981; Duh and Asal, 1984;
McLaughlinet al., 1987; Brown and Kaplan, 1987; Lynge and Thygesen, 1990), or
workers at an aircraft maintenance facility (Spirtaset al., 1991).

In individual studies, increased risks of liver cancer (Stemhagenet al., 1983),
increased mortality due to cancer of the cervix (Blairet al., 1979, 1990; Katz and
Jowett, 1981), bladder (Brown and Kaplan, 1987; Katz and Jowett, 1981), kidney
(Brown and Kaplan, 1987; Katz and Jowett, 1981; Duh and Asal, 1984), lung and
respiratory system, (Duh and Asal, 1984), skin (Katz and Jowett, 1981), genitals, (Katz
and Jowett, 1981), oesophagus (Blairet al., 1990), lymphosarcoma (Katz and Jowett,
1981), multiple myeloma and non-Hodgkin’s lymphoma (Spirtaset al., 1991), and an
increased incidence of liver and pancreatic cancer (Lynge and Thygesen, 1990) have
been reported. There is little consistent evidence, therefore, for increases in cancer
of a specific type in these occupationally exposed populations. Moreover, workers in
these industrial settings were probably exposed to other solvents in addition to
tetrachloroethylene, and in virtually all of these epidemiological investigations little or
no quantitative information concerning the level of exposure to tetrachloroethylene
was presented. Notably, in a study of dry-cleaning workers, Brown and Kaplan (1987)
reported no increase in mortality due to cancer in a subcohort of 615 individuals
exposed only to tetrachloroethylene. In addition, in many of the available studies,
individuals who were employed in the dry-cleaning and laundry industries were
analyzed as a single group, although their exposure to tetrachloroethylene is likely to
be quite different, and the impact of potential confounding factors (such as smoking)
on the morbidity or mortality due to cancer was not taken into account.

The potential effects of occupational exposure to tetrachloroethylene on reproduction
and development have been examined in a number of case-control (Rachootin and
Olsen, 1983; Taskinenet al., 1989; Kyyronenet al., 1989; Lindbohmet al., 1990;
Ahlborg, 1990), cross-sectional (Hemminkiet al., 1980a, 1980b; Boscoet al., 1987;
Eskenaziet al., 1991a, 1991b) and cohort (McDonaldet al., 1986, 1987) studies.
An increased risk of spontaneous abortion was reported in some (Hemminkiet al.,
1980a, 1980b; Kyyronenet al., 1989) but not all (Ahlborg, 1990; Boscoet al., 1987;
Lindbohmet al., 1990; Taskinenet al., 1989; Eskenaziet al., 1991b; McDonaldet al.,
1986, 1987) studies. Occupational exposure to tetrachloroethylene was not associated
with an increased risk of birth defects (McDonaldet al., 1986, 1987; Boscoet al.,
1987; Kyyronenet al., 1989; Ahlborg, 1990), or significant alterations in the quality
of sperm (Eskenaziet al., 1991a); however, Rachootin and Olsen (1983) reported a
positive association between idiopathic infertility in females and exposure to
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dry-cleaning chemicals. These occupationally exposed workers were likely exposed to
other solvents, and quantitative information on exposure to tetrachloroethylene was
usually not presented.

The effects of chronic exposure to tetrachloroethylene on renal function have been
examined in a limited number of cross-sectional studies of workers employed in the
dry-cleaning industry (Franchiniet al., 1983; Lauweryset al., 1983; Vyskocilet al.,
1990; Solet and Robins, 1991). Other than a slight increase in the level of lysozyme in
the urine of workers exposed to tetrachloroethylene (Franchiniet al., 1983; Vyskocilet
al., 1990), there has been no evidence of renal dysfunction.

Seeber (1989) assessed the potential neurobehavioral effects in workers employed
in dry-cleaning facilities exposed to 83.4± 53.3 mg/m3 (7 males and 50 females;
“low exposure”) and 363.8± 114.2 mg/m3 tetrachloroethylene (5 males and 39
females; “high exposure”) and in a group of 84 non-exposed “controls”. Some small
psychological differences were noted between the control and exposed groups (based
upon a number of psychological tests on personality and attention, as well as
perceptual, sensorimotor, intellectual, mnestic and coordination functions); however,
differences between the “low”- and “high”-exposure groups were not significant.

Ikedaet al. (1980) found no significant difference in the frequency of chromosomal
aberrations or sister-chromatid exchange in lymphocytes from 10 workers exposed to
10 to 220 ppm (67.8 to 1 492 mg/m3) tetrachloroethylene compared to 11 unexposed
individuals. Seijiet al. (1990) reported that the frequency of sister-chromatid exchange
in lymphocytes obtained from 27 smoking or non-smoking workers (of either sex)
employed in dry-cleaning establishments (and exposed to a geometric mean
[time-weighted-average] concentration of 10 ppm [67.8 mg/m3] for 41 months) was
not significantly different from that in 26 controls; however, the frequency of
sister-chromatid exchange in 12 male smokers exposed to tetrachloroethylene was
significantly (p < 0.05) greater (18%) than in 3 male (control) nonsmokers.

2.5.3 Ecotoxicology

Numerous studies concerning the acute and chronic toxicity of tetrachloroethylene to
aquatic biota at various trophic levels were identified; however, only a limited number
of studies on the effects of tetrachloroethylene to terrestrial plants, and no studies on
the effects to terrestrial wildlife, were identified. Data from the critical studies are also
summarized in Figures 1 and 2.
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Brook trout (Salvelinus fontinalis) at the embryo/alevin stages and rainbow trout
(Oncorhynchus mykiss) fingerlings were considered by ATRG (1988) and Callet al.
(1983) to be among the aquatic species most sensitive to the effects of tetrachloro-
ethylene. The lowest-observed-effect-concentration (LOEC) for the survival of brook
trout alevins to swim-up (mortality = 37%) and fry (mortality = 39%) following
exposure to tetrachloroethylene for 120 days was 2.66 mg/L (ATRG, 1988). The
LOEC associated with a 61% decrease in growth in brook trout surviving over
120 days was 1.52 mg/L (ATRG, 1988). The 24-hour LC50 for rainbow trout was
4.99 mg/L (Callet al., 1983). Smithet al. (1991) evaluated the toxicity of
tetrachloroethylene to embryo/larval flagfish (Jordanella floridae). Hatchability of
flagfish eggs was not affected at any of the concentrations tested (0.79 to 7.81 mg/L);
however, the survival of larvae after 10 days was reduced to 55% at a concentration
of 4.85 mg/L (the reported LOEC) and to 20% at 7.81 mg/L tetrachloroethylene.
The survival over 28 days of 1-week-old flagfish exposed simultaneously to
tetrachloroethylene in the same test system as the flagfish embryo/larvae was reduced
to 63% at a concentration of 5.82 mg/L; no fish survived exposure to 9.3 mg/L
tetrachloroethylene.

Fathead minnow larvae (Pimephales promelas) [24 to 35 days old] were exposed to
6 different concentrations of tetrachloroethylene in several tests. Values for the 96-hour
LC50s were similar, ranging from 13.4 to 23.8 mg/L (Veithet al.1983a, 1983b;
Walbridgeet al., 1983; Broderius and Kahl, 1985; Geigeret al.1985). During acute
toxicity testing with the fathead minnow, Geigeret al. (1985) observed a number of
sublethal effects (including loss of schooling behaviour, swimming near the
surface, hypoactivity, darkened colouration, increased respiratory rate and loss of
equilibrium) that occurred prior to death. The calculated 96-hour EC50 for these effects
was 8.45 mg/L. Alexanderet al. (1978) observed a loss of equilibrium, narcosis,
melanization and swollen, haemorrhaged gills in fathead minnows exposed to
tetrachloroethylene, and estimated a 96-hour TEm (median tolerance effect; equivalent
to an EC50) of 14.4 mg/L.

Only one toxicity study of acceptable quality was identified for marine fish. Pearson
and McConnell (1975) reported a 96-hour LC50 of 5 mg/L tetrachloroethylene for the
dab (Limanda limanda).

For aquatic invertebrates, both Callet al. (1983) and Richteret al. (1983) published
data from the same study with first instarDaphnia magna. Based on 2 exposure
regimens (fed and unfed), 48-hour LC50s of 18.1 and 9.1 mg/L, respectively, were
reported. The EC50s (for complete immobilization) were 8.5 and 7.5 mg/L for fed and
unfedDaphnia, respectively. Callet al. (1983) conducted static acute-toxicity tests
using 3rd or 4th instar midge larvae (Tanytarsus dissimilis). The midge appeared to be
less sensitive to the effects of tetrachloroethylene thanDaphnia magna, based on a
48-hour LC50 of 30.8 mg/L. LeBlanc (1980) reported a 48-hour LC50 of 18 mg/L
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tetrachloroethylene forDaphnia magnathat were less than 24 hours old. Richteret al.
(1983) reported a 28-day LOEC of 1.1 mg/L forDaphnia magna, where growth and
reproduction (numbers of young) were reduced by 7.7% and 62%, respectively. The
28-day no-observed-effect-concentration (NOEC) for effects on growth and
reproduction was 0.51 mg/L tetrachloroethylene.

Lay et al. (1984) investigated field effects on endemic populations ofDaphnia
magnain several compartments of outdoor ponds containing 0.44 or 1.2 mg/L
tetrachloroethylene. Complete mortality was observed within 3 and 4 days at
0.44 mg/L, and within 3 hours and 2 days at 1.2 mg/L tetrachloroethylene. In ponds
containing 0.44 and 1.2 mg/L tetrachloroethylene, the concentration decreased below
the detection limit (0.1 mg/L) within 5 and 36 days, respectively.

Pearson and McConnell (1975) reported a 48-hour LC50 of 3.5 mg/L tetrachloro-
ethylene for barnacle nauplii (Elminius modestus), based on static tests in Atlantic
seawater. Kerster and Schaeffer (1983) monitored the effect of tetrachloroethylene on
the growth of brine shrimp nauplii (Artemia salina) over 48 hours, and, based on the
results, estimated an EC50 of 0.25 mg/L.

Data on the toxicity of tetrachloroethylene to marine plants were only identified for
unicellular algae. ForPhaeodactylum tricornutumcultured in Atlantic seawater, the
EC50 for the uptake of carbon dioxide during photosynthesis was estimated to be
10.5 mg/L tetrachloroethylene (Pearson and McConnell, 1975). Erickson and
Hawkins (1980) exposed mixtures of various classes of marine algae (Chlorophyceae,
Cyanophyceae, Bacillariophyceae) to tetrachloroethylene and monitored the uptake of
[14C]sodium bicarbonate. A 13% decrease in the uptake of radioactivity was observed
at a concentration of 2.0 mg/L tetrachloroethylene; however, no effect was found at
lower concentrations (0.5 or 1.0 mg/L).

The adverse effects of chloroethylenes (particularly tetrachloroethylene and
trichloroethylene) on forests has been studied in Germany and Finland. It has been
reported that in Fir (Abies alba), Norway spruce (Picea abies), Beech (Fagus silvatica)
and other trees in these areas, there was an increased incidence of chlorosis (bleaching
of needles), necrosis (death of needles) and premature needle loss over the last 2
decades (Frank and Frank, 1986a, 1986b; Frank, 1989). These effects were attributed
to exposure to chloroethylenes under photo-activated conditions (Frank and Frank,
1985, 1986a, 1986b; Frank, 1991). The principal photodegradation product of
chloroethylenes, trichloroacetic acid (a known herbicide), is also likely involved
(Frank, 1990; Franket al., 1990, 1992).
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In laboratory investigations, Frank and Frank (1986a) observed the effects on Norway
spruce needles (Picea abies) exposed simultaneously to tetrachloroethylene and
ultraviolet radiation. Needles that were irradiated and exposed to 14µg/m3 (2 ppbv)
tetrachloroethylene for 5 hours had reduced concentrations of photosynthetic
pigments, compared to controls. The photosynthetic pigments most affected were
chlorophyll-a (reduced by 52% compared to controls) andβ-carotene (reduced by 58%
compared to controls). In another laboratory study, several 3- to 7-year-old Norway
spruce trees were exposed (in a smog chamber) to various concentrations of
tetrachloroethylene over a period of several weeks (Frank, 1990). The spruce trees
were irradiated with artificial light closely matching wavelengths found in the natural
environment. Chlorosis (bleaching of needles) and necrosis were observed following
exposure to 3 to 6µg/m3 and 40µg/m3 tetrachloroethylene, respectively, over
a period of 1 to 2 weeks. Trees died following exposure to 100 to 130µg/m3

tetrachloroethylene for 1 to 2 months. The observed damage was dependent upon the
duration of exposure and concentration of tetrachloroethylene.

Frank and Frank (1985) reported similar effects in a field experiment in which a
10-year-old Serbian spruce (Picea omorica) was continuously exposed to
tetrachloroethylene and trichloroethylene for 7 months. The effects observed included
chlorosis and necrosis, particularly on the sun-exposed faces of the needles. Along
several of the sun-exposed twigs, a total loss of chlorophyll was observed. Similar
effects were observed on the sun-exposed leaves of a hornbeam shrub (Carpinus
betulus) located 2 m downwind of the spruce tree. Concentrations of tetrachloro-
ethylene among the branches of the spruce were monitored during the study and were
as high as 12µg/m3 (1.7 ppbv).

General damage to trees has been reported for years in Finland, but conifers growing
in Lapland are considered particularly vulnerable. Franket al. (1992), who studied the
new to 2-year-old needles from damaged conifers (Pinus sylvestrisandPicea abies)
and leaves from birch trees (Betula pubescens) [sampled from August 1991 to July
1992], reported that trichloroacetic acid levels ranged from 3 ng/g to 126 ng/g (wet
weight). They also positively correlated these concentrations with the observed extent
of needle loss. Trichloroacetic acid is the major tropospheric metabolite of
tetrachloroethylene (Frank, 1990).
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3.0 Assessment of “Toxic” under CEPA

3.1 CEPA 11(a): Environment

Tetrachloroethylene is used in Canada primarily as a cleaning and degreasing solvent
associated with the dry-cleaning and metal-cleaning industries. Due to its volatility,
releases of tetrachloroethylene to the Canadian environment are most often in the
form of emissions to the atmosphere, although discharge in liquid effluents occurs.
Furthermore, tetrachloroethylene has been released in numerous spills, some of which
have been in substantial volumes. Tetrachloroethylene has been measured in air across
Canada and in contaminated surface waters in the Great Lakes and St. Lawrence River
regions. It has also been found in groundwaters and surface waters in several
provinces of Canada, often as result of its inappropriate disposal or release from
dry-cleaning facilities or landfills.

Brook trout (Salvelinus fontinalis) and rainbow trout (Oncorhynchus mykiss) have
been identified to be among aquatic species most sensitive to the effects of acute and
chronic exposure to tetrachloroethylene, based on a 24-hour LC50 of 4.99 mg/L and a
120-day LOEC for decreased growth of 1.52 mg/L, respectively. Dividing the chronic
LOEC by a factor of 10, to account for differences in species sensitivity and to
extrapolate laboratory findings to the field, yields an estimated effects threshold for
aquatic species of 152µg/L. Concentrations of tetrachloroethylene in surface waters in
Canada are generally 10 times lower than this effects threshold.

Concentrations of tetrachloroethylene in Canadian groundwater that are considerably
higher than those in surface waters have been found in several locations in 3 Canadian
provinces. Since the sources of contamination involve dry-cleaning facilities or
landfills, for which similar sites exist across Canada, the extent of groundwater
contamination with tetrachloroethylene is likely widespread. Groundwater is part
of an integrated hydrological cycle that enables surface waters to recharge, serving
as sources of water to aquatic ecosystems and wildlife. The concentrations of
tetrachloroethylene in a surface spring and a nearby, non-connected pond, both
originating from a contaminated aquifer near New Minas, Nova Scotia, were
compared to the effects threshold of 152µg/L. Their respective levels of 244µg/L and
177µg/L exceed the effects threshold, suggesting that adverse effects could occur in
aquatic biota at these sites, or at similar sites that may exist elsewhere in Canada.
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The major route of exposure of wildlife to tetrachloroethylene is ingestion of
contaminated food, based on the total daily intake estimated for the piscivorous
mammal, mink (Mustela vision), in the St. Clair River area of southern Ontario (see
Table 1). The St. Clair River area was chosen because it is the only region in Canada
for which levels in surface water and fish were available. It is also considered
representative of a worst-case exposure scenario, since the estimated intake is based on
the maximum concentration of tetrachloroethylene in water and fish and these were
higher than in other regions of the Great Lakes, and most areas in Canada.

Table 1
Estimated Total Daily Exposure to Tetrachloroethylene of a
Piscivorous Mammal Around Lake St. Clair

Daily Rate of Estimated
Environmental Consumption Daily Intake

Exposure Route Levelsa (per kg bw)b (µg/kg bw/day)

Surface water 44µg/L 0.1 L/day 4.4

Air 1.9 µg/m3 0.55 m3/day 1

Biota 380 ng/g (ww) 155 g/day 58.9

Total – – 64.3

a. The level in air is the mean level measured in an urban environment in Ontario in 1987 (Chanet al.,
1990); the level in surface water is the maximum level measured in the St. Clair area in 1986 (OME,
1991a); the level in fish is the maximum value measured in juvenile shiners in Lake St. Clair (OME,
1987).

b. Inhalation rate from Stahl (1967); drinking rate from Calder and Braun (1983); and ingestion rate
from Nagy (1987), assuming a diet of 75% fish.

In the absence of toxicological data for wildlife, the results of a 90-day, sub-chronic
ingestion study with laboratory rats were used as a basis for estimating an effects
threshold for mammals. The NOEL from this study was 14 mg/kg bw/day (Hayeset
al., 1986). Dividing the NOEL by a factor of 10 to account for interspecies variability
in sensitivity to tetrachloroethylene, and by another factor of 10 to account for
extrapolation of a sub-chronic laboratory result to a chronic field situation, yields an
effects threshold for wild mammals of 140µg/kg bw/day. The estimated daily intake
of tetrachloroethylene by mink is 2-fold lower than the effects threshold.
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In Germany and Finland, phytotoxic effects of chloroethylenes, including
tetrachloroethylene, on forests under circumstances where there is simultaneous
exposure to radiation from natural sunlight occurring at mountain elevations, have
been reported. Effects include chlorosis, necrosis, and premature needle loss. The
concentrations of tetrachloroethylene at which these effects occur were not established,
and there is some suggestion that the principal photodegradation product of
tetrachloroethylene, trichloroacetic acid, is involved. In the laboratory, spruce
(Picea abies) were identified to be among the most sensitive tree species to
tetrachloroethylene, with chlorosis and premature needle loss being observed
following exposure to concentrations of tetrachloroethylene as low as 3µg/m3 under
irradiated conditions at natural-light wavelengths. Dividing this value by a factor of
10 to account for interspecies variations in sensitivity and to extrapolate the results of
a laboratory study to the field yields an estimated effects threshold of 0.3µg/m3. This
threshold is equivalent to mean airborne concentrations observed at a rural site, and is
exceeded by mean atmospheric concentrations of tetrachloroethylene measured in
various cities across Canada.

Therefore, on the basis of available information, tetrachloroethylene is entering
the Canadian environment in significant quantities but does not result in
concentrations that, in general, would be expected to cause adverse effects to
aquatic biota or terrestrial wildlife; however, limited data suggest that
atmospheric concentrations of tetrachloroethylene may be sufficient to cause
adverse effects to some terrestrial plants, notably trees, in Canada. Furthermore,
contamination of groundwater and groundwater-recharged surface water in
Canada with tetrachloroethylene could be significant, particularly in areas where
there has been inappropriate disposal of this substance from dry-cleaning
facilities and landfills. It has been concluded, therefore, that tetrachloroethylene
has the potential to cause harm to the environment.

3.2 CEPA 11(b): Environment on Which Human Life Depends

The tropospheric half-life of tetrachloroethylene in Canada is less than 2 months,
and its halogenated degradation products are short-lived. These degradation products
are also water-soluble and will, therefore, be washed out quickly. The migration time
of tetrachloroethylene to the stratosphere is estimated to be over 5 years, and,
consequently, only minute amounts of tetrachloroethylene may reach the stratosphere.
It is not, therefore, thought to be involved in the destruction of stratospheric ozone.
Tetrachloroethylene absorbs in the infrared region but is generally present at low
concentrations in the atmosphere and has a relatively short half-life. It is, therefore,
thought to make a minor contribution to both ground-level ozone formation and to
global warming.
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On the basis of available information, tetrachloroethylene is not involved in the
depletion of stratospheric ozone, nor is it significantly involved in the formation
of ground-level ozone and global warming. It has been concluded that
tetrachloroethylene is not entering the environment in quantities or under
conditions that may constitute a danger to the environment on which human life
depends.

3.3 CEPA 11(c): Human Life or Health

Population Exposure

Estimates of the average daily intake of tetrachloroethylene by the Canadian
population are summarized in Table 2. The total daily intake of tetrachloroethylene
was estimated to range from approximately 1.2 to 2.7µg/kg bw/day in various age
groups of the general population. It is evident that the time spent indoors makes the
greatest contribution to the overall exposure to tetrachloroethylene, while the ingestion
of drinking water (generally) makes a minor contribution. The use of household
products containing this substance, as well as residual tetrachloroethylene present on
recently dry-cleaned clothes, are likely to be predominantly responsible for the greater
levels of tetrachloroethylene observed in indoor air compared to the general ambient
environment (Wallaceet al., 1987, 1989; Kawauchi and Nishiyama, 1989).
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Table 2
Estimated Daily Intake of Tetrachloroethylene by the Canadian Population

Estimated intake of tetrachloroethylene (µg/kg bw/day) by various age groups
Route of
Exposure 0 – 6 moa 7 mo – 4 yrb 5 – 11 yrc 12 – 19 yrd 20+ yre

Ambient Airf 0.01 – 0.24 0.01 – 0.32 0.01 – 0.37 0.01 – 0.31 0.01 – 0.27

Indoor Airg 1.21 1.63 1.88 1.56 1.40

Total Air 1.22 – 1.45 1.64 – 1.95 1.89 – 2.25 1.57 – 1.87 1.41 – 1.67

Drinking Waterh – 0.006 – 0.06 0.003 – 0.03 0.002 – 0.02 0.002 – 0.02

Foodi – 0.65 0.39 0.20 0.12

Total Intakej 1.22 – 1.45 2.30 – 2.66 2.28 – 2.67 1.77 – 2.09 1.53 – 1.81

a. Assumed to weigh 7 kg, breathe 2 m3 air and drink 0 L of water per day (Environmental Health
Directorate, 1992).

b. Assumed to weigh 13 kg, breathe 5 m3 air and drink 0.8 L of water per day (Environmental
Health Directorate, 1992).

c. Assumed to weigh 27 kg, breathe 12 m3 air and drink 0.9 L of water per day (Environmental
Health Directorate, 1992).

d. Assumed to weigh 57 kg, breathe 21 m3 air and drink 1.3 L of water per day (Environmental
Health Directorate, 1992).

e. Assumed to weigh 70 kg, breathe 23 m3 air and drink 1.5 L of water per day (Environmental
Health Directorate, 1992).

f. Assumed to spend 4 hours/day outdoors (Environmental Health Directorate, 1992); based on a range
of mean concentrations of tetrachloroethylene (0.2 to 5.0µg/m3) from a national survey of sites across
Canada (Dann and Wang, 1992).

g. Assumed to spend 20 hours/day indoors (Environmental Health Directorate, 1992); based on a mean
concentration of tetrachloroethylene in the indoor air of 757 randomly selected homes within Canada
of approximately 5.1µg/m3 (Otsonet al., 1992)

h. Based on a range of mean concentrations of tetrachloroethylene (0.1 to 0.9µg/L) in drinking water
from national (Otsonet al., 1982) and provincial (Environment Canada, 1989a, 1989b, 1989c, 1989d;
Quebec Ministry of the Environment, 1990; Alberta Environment, 1991; OME, 1991b) surveys.

i. Based on the average levels of tetrachloroethylene in the various composite food groups and the daily
Canadian intake of these food groups (Environmental Health Directorate, 1992). The average
concentrations of tetrachloroethylene in the dairy, meat, cereal, fruit, vegetable and sugar composite
food groups were considered to be 6.6, 12.3, 14.7, 0.8, 0.4 and 2.9 ng/g, respectively; these values
were derived from the information reported by Daft (1988), which represents the only single
comprehensive source. The average concentration of tetrachloroethylene in the fat and oil composite
group was calculated as 12.9 ng/g, based on the results reported by Daft (1988) and Heikes (1987).

j. Available data were insufficient to estimate intake from soil.
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Effects

Epidemiological studies concerning the carcinogenicity of tetrachloroethylene in
humans are limited principally to investigations of workers employed in the
dry-cleaning and laundry industries (usually combined), who were likely exposed to
several substances in addition to tetrachloroethylene, and for whom quantitative data
on cumulative exposure were not available. Although increased mortality and
morbidity due to various types of cancer have been observed in workers employed in
this occupational setting, owing to the lack of consistency of reported results and to
possible confounding by concomitant exposure to other substances that may have
contributed to the observed effects, the available information is considered inadequate
to assess the carcinogenicity of tetrachloroethylene in humans.

An increased incidence of renal tubular cell adenomas and adenocarcinomas (although
not statistically significant) in male rats, mononuclear cell leukemias in male and
female rats, and hepatocellular adenomas (males) and carcinomas (male and female) in
mice exposed by inhalation to tetrachloroethylene, have been observed in an NTP
carcinogenesis bioassay (NTP, 1986). On the basis of these results, it was concluded
(NTP, 1986) that there wasclear evidenceof carcinogenicity of tetrachloroethylene in
male F344/N rats (although several members of the review panel believed that the
results supported a designation of only “some evidence” of carcinogenicity in male
rats),some evidenceof carcinogenicity in female F344/N rats, andclear evidenceof
carcinogenicity in (male and female) B6C3F1 mice. Owing to the limitations of other
bioassays (NCI, 1977; Rampyet al., 1978 cited in ATSDR, 1990; ECETOC, 1990, and
U.S. EPA, 1985; Theisset al., 1977; Maronpotet al., 1986; Van Duurenet al., 1979;
Milman et al., 1988; Lundberget al., 1987), the results of these investigations are not
useful in assessing the weight of evidence of carcinogenicity.

Generally, a substance for which there is adequate evidence of carcinogenicity in 2
species of laboratory animals (as observed in the NTP carcinogenesis bioassay for
tetrachloroethylene) would be categorized in Group II (probably carcinogenic to
humans) of the classification scheme developed for use in the derivation of the
“Guidelines for Canadian Drinking Water Quality” (Environmental Health Directorate,
1989); however, consideration of data on possible mechanisms of action reduces the
relevance of several of the increases in tumour incidence observed in the NTP bioassay
in assessing the weight of evidence for the carcinogenicity of tetrachloroethylene to
humans.

The increase in renal tumour cell adenomas and adenocarcinomas in male rats in the
NTP bioassay was small and not statistically significant. Moreover, it is probable that
the small increase in the incidence of these relatively rare tumours in male F344/N rats
exposed to tetrachloroethylene is a species- and gender-specific response. The
induction by tetrachloroethylene of kidney tumours in the male rat has been proposed
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to be the result of enhanced cellular proliferation resulting from cell damage produced
by the renal accumulation ofα2u-globulin (i.e., hyaline droplet formation resulting in
hyaline droplet nephropathy), as well as the formation of genotoxic metabolites of
tetrachloroethylene within the kidney of these animals.1 (The weight of available data
indicates that tetrachloroethylene itself is not genotoxic in eitherin vivoor in vitro
bioassays.) Sinceα2u-globulin is not produced in humans (Olsonet al., 1990), and on
the basis of the results ofin vitro enzymatic analysis of hepatic and renal extracts,
there appear to be significant differences with respect to formation of the
tetrachloroethylene-glutathione conjugate (the precursor of the reactive metabolite)
and its subsequent metabolism in rats and humans (Greenet al., 1990), the induction
of renal tumors in (specifically) male rats exposed to tetrachloroethylene may not be
relevant to humans (or at least, humans may be much less sensitive to such effects)
[Green, 1990b].

Available data indicate that the hepatotoxic effects of tetrachloroethylene in mice are
due principally to trichloroacetic acid, a metabolite of tetrachloroethylene, and that the
metabolism of tetrachloroethylene to trichloroacetic acid is greater in mice than in
either rats (Pegget al., 1979; Schumannet al., 1980; Odumet al., 1988; Bolt, 1987) or
humans (Ikeda and Ohtsuji, 1972). Mice appear to be more sensitive than rats to the
hepatotoxic effects produced by trichloroacetic acid (Bullet al., 1990; DeAngeloet
al., 1989). Whereas the administration of trichloroacetic acid to mice increases the
incidence of hepatocellular tumors (Herren-Freundet al., 1987; Bullet al., 1990),
DeAngelo and Daniel (1992) have reported (in abstract form) that trichloroacetic acid
was not (hepato)carcinogenic in male F344 rats, based on a study in which this
compound was administered (in drinking water at [mean time-weighted] doses of 3.6,
36 and 378 mg/kg bw/day) to these animals over a period of 100 to 104 weeks.

Available data indicate (although it has not been unequivocally proven) that
peroxisomal proliferation may play an important role in the development of hepatic
tumours in rodents. Trichloroacetic acid is a potent inducer of peroxisomal
proliferation in the liver of rodents, and in some (DeAngeloet al., 1989; Goldsworthy
and Popp, 1987) but not all (Elcombe, 1985) studies, the effect of trichloroacetic acid
on hepatic peroxisomal proliferation was greater in mice than in rats. Moreover,
trichloroacetic acid inhibits gap-junction mediated intercellular communication in
hepatocytes from mice but not rats (Klauniget al., 1989). Thus, the increased
incidence of hepatic tumours in mice but (apparently) not rats exposed to
tetrachloroethylene is consistent with the greater sensitivity of mice than rats to
increases in hepatic peroxisomal proliferation and disruptions of intercellular

1. It is not possible to draw unequivocal conclusions concerning likely mechanisms by which renal
tumours were induced in male rats in the NTP bioassay owing to the lack of information on relevant
renal pathological effects and metabolism in these animals.
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communication induced by trichloroacetic acid. If increased peroxisomal proliferation
plays a critical role in the development of hepatic tumours in rodents exposed to
specific substances, the observation (based on limited available data) that
trichloroacetic acid stimulates such proliferation in rodent but not human hepatocytes
(Elcombe, 1985) suggests that these tumours are unlikely to be relevant to humans or,
at least, humans are likely to be much less sensitive to the induction of hepatic
tumours by tetrachloroethylene.

Dichloroacetic acid, which has been identified as a minor urinary metabolite in mice
and rats administered (orally) tetrachloroethylene (U.S. EPA, 1985; Dekantet al.,
1986), is hepatocarcinogenic in mice (Herren-Freundet al., 1987; Bullet al., 1990;
DeAngeloet al., 1991) and (apparently) in rats (DeAngelo and Daniel, 1992).
Although the route by which tetrachloroethylene is metabolized to dichloroacetic
acid has not been unequivocally defined, Dekantet al. (1986) have indicated that
dichloroacetic acid may arise from trichlorovinylthiol, the (putative) reactive
metabolite of tetrachloroethylene formed from the conjugation of tetrachloroethylene
with glutathione; however, as discussed above, this metabolic pathway likely makes
only a very minor (if indeed any) contribution to the overall metabolism of
tetrachloroethylene in humans (Greenet al., 1990).

Since the observed increase in the incidence of renal tumours in male rats and hepatic
tumours in male and female mice exposed to tetrachloroethylene are likely species-
specific responses, both of which appear to be induced by mechanisms that are not
relevant to humans or, at least, for which humans are likely to be much less sensitive,
the results considered most pertinent in assessing the weight of evidence for
carcinogenicity are the small increases in the incidence of spontaneously occurring
mononuclear cell leukemias in a single species (i.e., male and female F344 rats) in the
NTP bioassay, in which the incidence of this tumour in the non-exposed (control) rats
was higher than that observed in historical controls (NTP, 1986). The proportion of
animals with this tumour in the high-dose group of males and females was 74% and
58%, respectively, compared to 56% and 36% in the concurrent control groups and
29% and 19% in historical controls (NTP, 1986).

On the basis of these observations, tetrachloroethylene has been classified in
Group III (possibly carcinogenic to humans) of the classification scheme developed
for use in the derivation of the “Guidelines for Canadian Drinking Water Quality”
(Environmental Health Directorate, 1989). Generally, for compounds classified in
Group III, a tolerable-daily-intake (TDI) is derived on the basis of a no- or
lowest-observed-(adverse)-effect-level (NOAEL or LOAEL) in humans or animal
species (by the most relevant route of exposure) divided by an uncertainty factor,
which, when considered appropriate, takes into account the limited evidence of
carcinogenicity.
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The available epidemiological data are considered inadequate to serve as a basis for
development of a TDI. The effects of occupational exposure to tetrachloroethylene on
reproduction and development, the nervous system or renal function were examined in
a number of epidemiological studies; however, there were numerous shortcomings in
these investigations, such as small population sizes, little or no information concerning
the level or duration of exposure to tetrachloroethylene, possible concomitant
exposure to other chemicals and the possible contribution to observed effects by other
confounding factors. In clinical studies of volunteers exposed to tetrachloroethylene,
neurological and neurobehavioral effects have been observed, but these studies are
considered to be inadequate to serve as a basis for development of a TDI, since they
are limited to short-term investigations of neurological effects in very small numbers
of subjects.

Inhalation is considered to be the most important route of exposure to tetrachloro-
ethylene for the general population. A TDI has been derived, therefore, on the basis of
results from the longest-term study of adequate design in which tetrachloroethylene
was administered by inhalation to laboratory animals (NTP, 1986). In this study, the
lowest concentration of tetrachloroethylene at which adverse effects (reduced survival
[in males] hepatotoxicity [males]; lung congestion and nephrotoxicity [males and
females]) were observed (LOAEL) was 100 ppm (678 mg/m3), administered to mice.
It should be noted, however, that biochemical or hematological effects were not
assessed in the NTP bioassay. In general, in shorter-term studies in which these
end-points were examined, adverse effects have not been observed following
inhalation of tetrachloroethylene at concentrations less than the LOAEL in mice
observed from the NTP bioassay. In a sub-chronic study, increases in serum enzymes
were reported in NMRI mice exposed to 150 ppm (1 017 mg/m3) [Kjellstrandet al.,
1984]. Small (10% to 20%) increases in liver weight in male and female NMRI mice
were observed following 30 days exposure to 9 ppm (61 mg/m3) tetrachloroethylene
(Kjellstrandet al., 1984); however, this effect was not confirmed in another strain of
mice (B6C3F1) exposed to a higher concentration (200 ppm; 2 712 mg/m3) for 14, 21
or 28 days (Odumet al., 1988).

In the few studies in which the potential neurotoxicity of tetrachloroethylene has been
examined in laboratory animals, meaningful effects have been observed only at
concentrations higher than the LOAEL in mice observed in the NTP bioassay. The
lowest concentration at which behavioral effects have been observed is 200 ppm
(1 356 mg/m3) tetrachloroethylene, in a study in which rats were exposed to this
substance for 4 days (Savolainenet al., 1977). Only minor biochemical effects on the
brain, the significance of which is unclear, have been observed at lower concentrations
(as low as 60 ppm [407 mg/m3] following exposure of Mongolian gerbils for 90 days
[Rosengrenet al., 1986]). In the only identified study of potential immunological
effects produced by tetrachloroethylene, diminished resistance to streptococcal
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pneumonia and reduced pulmonary bactericidal activity were observed in mice
exposed for 3 hours to a concentration (50 ppm; 339 mg/m3) slightly less than the
LOAEL in mice in the NTP bioassay (Aranyiet al., 1986).

Therefore, on the basis of the LOAEL of 100 ppm (678 mg/m3) observed in the NTP
bioassay, a TDI has been derived as follows:

TDI = [(678 mg/m3) × (0.043 m3/day) × (6/24) x (5/7)]
(0.0305 kg) × 5 000

= 34µg/kg bw/day

where:
● 678 mg/m3 is the LOAEL (reduced survival and hepatotoxic effects in males,

lung congestion and nephrotoxic effects [in males and females]) in mice, in the
longest-term study of adequate design in which tetrachloroethylene was
administered by inhalation (NTP, 1986);

● 0.043 m3/day is the assumed volume of air inhaled by mice (NIOSH, 1985);
● 6/24 and 5/7 is the conversion of 6 hours/day, 5 days/week to continuous exposure;
● 0.0305 kg is the average body weight of the mice in the NTP (1986) study; and
● 5 000 is the uncertainty factor (10 × for intraspecies variation, 10 × for interspecies

variation, 10 × for use of a LOAEL rather than a NOAEL, 5 × for limited evidence
of carcinogenicity); an additional factor for limitations of the study (i.e., lack of
assessment of biochemical and hematological effects) was not incorporated since, in
general, in shorter-term studies in which these end-points were examined, adverse
effects have not been observed at concentrations less than the value used here as the
basis for development of the TDI.2

In order to ensure that the TDI derived on the basis of inhalation studies is sufficiently
protective, it is also possible to derive a TDI on the basis of studies in which
tetrachloroethylene was administered by ingestion. With the exception of one
investigation in which reversible erythropoietic damage was reported at low
concentrations (50µg/kg bw/day) [Marth, 1987] but not confirmed in other studies,
the lowest NOEL (based on a “theoretical daily dose” estimated by the authors) in the
longest-term (90-day) study conducted to date in which tetrachloroethylene was
administered orally (in 4% Emulphor in drinking water) to rats is 14 mg/kg bw/day,
based on effects on body weight gain, the ratio of liver or kidney weight to body
weight, and serum 5’-nucleotidase activity at the next highest dose (Hayeset al.,

2. Owing to the paucity of available information on interspecies variation in the concentrations at
which the oxidative metabolism of tetrachloroethylene is limited and to the role of dichloroacetic
acid in the aetiology of toxic effects in various species, it was also not possible to take interspecies
variation in metabolism into account in derivation of the TDI.
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1986). Similarly, a LOEL of 20 mg/kg bw/day for a slight increase in liver weight was
reported by Buben and O’Flaherty (1985) in a 6-week study in mice. Values for the
TDI, which would be derived on the basis of the results of these 2 studies, are within
the same order of magnitude as that calculated above on the basis of results of
bioassays in which animals were exposed by inhalation.

The estimated total daily intake of tetrachloroethylene for various age groups in the
general population in Canada ranges from approximately 1.2 to 2.7µg/kg bw/day,
based on currently available information. It is possible that exposure may be increased
somewhat (although available information is insufficient for quantitation) for
populations residing in the vicinity of dry-cleaning establishments. The estimated
average daily intakes of tetrachloroethylene for the general population in Canada are
approximately 13- to 28-fold lower than the TDI derived above from inhalation studies
in laboratory animals. Although the difference between the TDI and estimated intake
at the lower end of this range is small in comparison to that for most other Priority
Substances (i.e., 13-fold), the TDI is considered to be conservative, since, on the basis
of available metabolic data, it seems likely that humans are less sensitive to the toxic
effects of tetrachloroethylene than mice, and the commonly used additional factor of
10  for interspecies variation has been incorporated.

Therefore, on the basis of the available data, it has been concluded that
tetrachloroethylene is not entering the environment in quantities or under
conditions that may constitute a danger in Canada to human life or health.

3.4 Conclusion

Therefore, based upon the available data, it has been concluded that
tetrachloroethylene is entering the environment in quantities or under conditions
that may be harmful to the environment; however, this substance is not entering
the environment in quantities or under conditions that may constitute a danger to
the environment on which human life depends, or to human life or health.
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4.0 Recommendations

In view of the small difference between the estimated total daily intake and the TDI
of tetrachloroethylene, it is important that exposure of the Canadian population to
this substance continue to be monitored, to ensure that it does not increase to any
significant extent.

In addition, generation of additional data in the following areas is desirable:

(i) characterization of the extent of contamination of Canadian groundwater by
tetrachloroethylene, and the movement of this substance in this medium as well
as in hydrologically connected surface waters in Canada;

(ii) investigations of the mechanisms by which tetrachloroethylene induces tumours
in laboratory animals and their relevance to humans;

(iii) studies of the effects on terrestrial plants, especially trees and Canadian
commercial crops, due to atmospheric exposure to tetrachloroethylene, under
conditions found in the Canadian environment;

(iv) sediment bioassays to enable interpretation of effects of high sediment
concentrations on benthic organisms in contaminated areas;

(v) soil bioassays to enable interpretation of effects of high soil concentrations on
soil-dwelling biota; and

(vi) toxicity tests involving the various environmental routes of exposure to
representative wildlife species (mammals, birds, reptiles and invertebrates).
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