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Tetrachloroethylene

Guideline

The recommended maximum acceptable
concentration (MAC) for tetrachloroethylene in
drinking water is 0.03 mg/L (30 pg/L).

Identity, Use and Sources in the

Environment

Tetrachloroethylene ((Cl,) is a non-flammabile,
non-viscous liquid with a density of 1.62 g/mL at 20°C,
a vapour pressure of 2.5 kPa at 25°C and a water
solubility of 150 mg/L at 25°C. Its octanol-water
partition coefficient is reported to be in the range
758-2512 (log K, = 2.9-3.4}

Tetrachloroethylene is no longer produced in
Canada, but it continues to be importgatjmarily as a
solvent for use in the dry-cleaning and metal-cleaning
industries. Approximately 11.4 kt of tetrachloroethylene
were used for these purposes in 198Bother major
industrial use of tetrachloroethylene in Canada during

Canadian wells contaminated with tetrachloroethylene,
in some cases probably as a result of microbial
dechlorination of the parent compoutfd.

Exposure

Tetrachloroethylene has been detected in some
samples of drinking water across Canada and in
contaminated surface water and groundwater. This
substance 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 pg/L¥ In a subsequent study, it was detected
(detection limit = 0.1 pg/L) in only one of 45 samples
of potable water obtained (during 1982—-1983) from
10 water purification plants in the Great Lakes redion.
During the period 1985-1988, tetrachloroethylene was
detected (minimum quantitation limit = 0.5 pg/L) in two
of 31 samples of (treated) drinking water obtained in
Newfoundlandzin 14 of 23 samples of drinking water

1990 (2.2 kt) was the production of chlorofluorocarbonsoPtained in Prince Edward Islaritin 25 of 43 samples

(no longer produced in Canada). Tetrachloroethylene i
also used in smaller quantities in the finishing and
processing of textiles, in the manufacture of paint
removers and printing inks, in the formulation of
adhesives and specialized cleaning fluids and as
aerosols and dye carriefs.

The majority of the tetrachloroethylene used in

Canada is expected to enter the environment, primarily et
¢ taken from 215 treated and 14 raw water supplies in

the atmosphere, as its uses are dispersive and do no
result in its transformation or destruction. However, it
has been found in groundwater, primarily after imprope

Qf drinking water obtained in Nova Scotfan 14 of

37 samples of drinking water obtained in New
Brunswicks and in 22 of 93 samples of drinking

water (detection limit = 0.05 pg/L) obtained from
municipalities in the province of Queb&cTetra-
chloroethylene was detected at trace levels (below the
detection limits of 0.2 pg/L for treated water or 3.0 pg/L
for raw water) in only three of 1512 samples of water

Alberta between 1986 and 1991n samples of
frinking water obtained from 106 sites in Ontario during

disposal or dumping of cleaning solvents, as a result ofth® Period 1988-1991, the levels of tetrachloroethylene
its low propensity for adsorption to soils and consequer@n9€d from not detectable (detection limit = 0.05 pg/L)

leaching action. Contamination of groundwater supplie
occurs sporadically and can be a problem for long
periods of time because of the lack of the usual
mechanisms for removal that operate with surface
water supplies, such as volatilization and microbial
degradation. Trichloroethylene, 1,1-dichloroethylene,
cis-and trans-dichloroethylene and vinyl chloride,
some of which are more toxic or more soluble than
tetrachloroethylene, were found in two-thirds of the

40 5.25 pg/L'® Similar results were obtained for the

period 1990-1993; tetrachloroethylene was detected in
14 of 28 community well supplies (50%) at a maximum
concentration of 5.4 pg/L and in 33 of 96 surface water
supplies (34%) at a maximum concentration of
1.4 pg/L®®

In 1995, a national data-gathering surresas
undertaken to further investigate the extent of ground-
water contamination by tetrachloroethylene and to
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estimate, if possible, the number of people potentially in 1990 of 22 sites in 11 Canadian cities, mean con-
exposed through consumption of contaminated drinkingentrations of tetrachloroethylene in outdoor urban air
water. Individual wells in rural areas were excluded ranged from 0.2 to 5.0 pgArwith an overall mean of
because of a lack of sampling data. Additionally, it was 1.15 pg/ni (detection limit = 0.1 pg/ff).22 The mean
estimated that about 20% of extant data with provincialconcentration of tetrachloroethylene in 40 samples of air
agencies and organizations were excluded because of obtained at Walpole Island (a rural location in Ontario)
confidentiality concerns or time constraints and that  between January and November 1990 was 0.238/m
private supplies were underrepresented by about 20%.In 757 homes randomly selected to accurately reflect the
Of the 481 municipal and 215 private domestic water Canadian population, tetrachloroethylene was below the
supplies recorded as tested for tetrachloroethylene  detection limitin 71% (n = 537) of homes. The
(detection limits were not available in many cases and detection limit was calculated as 3.6 pg/moo high for
were variable: range 0.05-5 pg/L, with 0.5 pg/L as the accurate estimation of the full distribution curve. The
most commonly reported value), 7.3% and 4.2%, mean, geometric mean and median were calculated to be
respectively, contained tetrachloroethylene. These 3.55, 0.89 and 0.96 pghrespectively, assuming that
values are believed to be representative of (ground- the data follow a log normal distribution. The 90th
water) municipal supplies for the country as a whole, apercentile value was 8.0 + 2.0 pdginm other words,

they were derived largely from surveillance programs 90% of the population is considered to be exposed at or
carried out in three provinces. Overall, less than 4% of below this valué#?> Reliable quantitative information
supplies contained tetrachloroethylene concentrations on the level of tetrachloroethylene in a variety of

above 1 ug/L. The average of their maximum concen- foodstuffs in Canada was not identified.

trations was 22 pg/L for municipal supplies and Based on a range of mean concentrations

13 380 ug/L for private supplies (the latter was heavily (0.1-0.9 pg/L, with the average of the means 0.5 ug/L)
influenced by two or three contamination incidents). It of tetrachloroethylene in drinking water from national
was estimated that about 1.7 million of the 7.1 million and provincial survey®,the mean concentration of
Canadians who rely on groundwater for household usel.15 pg/m (range 0.2-5.0 pg/#of tetrachloroethylene
were covered by this survey and that tetrachloroethylerie outdoor air from a national survey of sites across

was detected in water supplying about 663 000 (40%) danad& and the estimate (based on the log normal

that population. This analysis has confirmed the findingdistribution curve) of the mean concentration of

of the assessment undertaken for@amadian tetrachloroethylene (3.6 pgfimn the indoor air of
Environmental Protection AGCEPAY° that 95% of the 757 randomly selected homes within Canada (range
population served by groundwater was exposed to 0.1-8.0 pg/rifor the 10th and 90th percentiles,
tetrachloroethylene concentrations below 1 pg/L; respectivelyy? the average daily intake* of tetrachloro-
viewed another way, well over a million people have ethylene for an adult was estimated to be approximately
been exposed to low levels of tetrachloroethylenein  67.6 ug from air (62.2 pg from indoor air and 5.4 ug
their drinking water, if survey coverage is takeninto  from outdoor air) and 0.75 pg from oral intake of

consideration. drinking water, with an equal amount from dermal
Because of the volatility of tetrachloroethylene,  absorption. The average daily intake of tetrachloro-
there is also potential for exposure in the home to ethylene from food has been estimated (based on the
airborne tetrachloroethylene released from tap water levels reported in market basket surveys in the United
during its normal use for washing, showering and States, according to Dafand Heike®) to be approxi-

bathing in addition to drinking; hence, concomitant mately 8.4 pug. The greatest proportion (approximately
dermal and inhalation exposure should be considered 80%) of the total daily intake of tetrachloroethylene
in assessing tetrachloroethylene exposure. The (77.5 pg) is from indoor air.
experimentally determined permeability constant for Based on the above mean values, drinking water
dermal absorption of tetrachloroethyl&hgredicts that  contributes approximately 1.0% to the total daily intake
dermal absorption for a human adult is equivalent to thef tetrachloroethylene for the general population, or
amount of tetrachloroethylene contained in 2 L of waterl.9% if the contribution from incidental dermal intake is
a dermal pharmacokinetic model by Brown and H&ttis included. The direct contribution from drinking water to
gives a similar prediction of the amount in 1 L of water.
The average of these two predictions (1.5 L) indicates
that an amount approximately equal to the amount * The adult is assumed to consume 1.5 L of water per day and to
ingested in drinking water is taken up daily via the spend four hours per day outdoors and the rest ind@drise
dermal route. bre.at_hing rates are assumed to be 1.%h rfm_r moderate
Tetrachloroethylene has been detected in outdoor activity (four_hours oqtdoor_s and 12 hours indoors) and
, - . 0.41 n/h while sleeping (eight hours).
and indoor air in Canada. In a national survey conducted
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total daily intake can be much larger for individuals
whose drinking water comes from contaminated wells;
for example, the contribution rises to 8.2% (or 16% if

incidental dermal intake is considered) at a tetrachloro-

ethylene concentration of 5 pg/L in drinking water.

Analytical Methods and Treatment

Technology

Tetrachloroethylene may be analysed by purge-an
trap gas chromatographic methods, in which an inert g
is bubbled through the sample and the substance is
trapped in an adsorbent material. The adsorbent is

subsequently heated to release the tetrachloroethylene’

onto a gas chromatographic column. Tetrachloro-

ethylene can be detected by mass spectroscopy (Meth

6210C or D), by photoionisation (Method 6220C) or
through the use of halide-sensitive electrolytic
conductivity or microcoulometric detectors (Method
6230C or D). Detection limits range from 0.01 to

0.5 pg/L, and the methods are suitable for levels rangin

up to 200 and 1500 pg/L, depending upon the specific
protocol?® These methods are the same as U.S.
Environmental Protection Agency Methods 524,
502.1, 502.2 and 5033.

In a national survey in the United States, the result

of intra- and interlaboratory comparison tests with
measures of £40% precision and accuracy indicated
that the practical quantitation limit (PQL) for tetra-
chloroethylene was 5 pg®. A PQL of 1 pg/L was
chosen by the state of New Jersey,
of a similar set of tests conducted in certified
laboratories in that state for which the mean detection
limit was 0.17 pg/L and the PQL was greater than

0.45 but less than 2.3 pgft.

Tetrachloroethylene may be removed from water
supplies by air stripping or treatment with granular
activated carbon. The former method is considered to
be the most cost-effectivv@ Removal efficiencies for
various air stripping techniques range from 40% for
multiple tray induced air up to 90% for packed tower
or diffused air, at air:water ratios up to 1G%Ior up to
99.8% at a ratio of 20:1 or greaféA disadvantage of
air stripping is that the tetrachloroethylene is transferre
to ambient air, which may create a point source of
pollution.

Treatment with granular activated carbon is also
an effective means of removing tetrachloroethylene
from drinking water supplies. Based on pilot-scale
observations, the loading capacity (number of cubic
metres of water that can be treated by a cubic metre
of carbon before capacity is exhausted) at an influent
concentration of 1000 pg/L ranged from 20 700 to
32 700 for target effluent concentrations of 1 and
100 pg/L, respectively. Loading capacity increased at
lower influent concentrations of tetrachloroethyléhe.

For individual home use, a point-of-entry home
water filtration unit based on activated carbon is recom-
mended, as it will also address concomitant exposure
through inhalation and the dermal route. A point-of-use
water filter may be used for drinking water only. Boiling
for 3-5 minutes can also remove 99% of tetrachloro-
ethylene from watef

dﬂealth Effects

as o
Pharmacokinetics

Quantitative data on the absorption of tetrachloro-
thylene in humans are limited, although this substance
is likely readily taken up through the lungfBased
94 the levels of tetrachloroethylene in the blood and
expired air of volunteers exposed (in such a way as to
prevent its inhalation) to 600 ppm (4068 md)rfor
3.5 hours, Riihimaki and Pfaffi concluded that,
compared with the amount of tetrachloroethylene that
%ould have been absorbed via inhalation, only about 1%

ad been absorbed through the skin. Tetrachloroethylene
is likely to be completely absorbed following ingestion,
based on the results of studies conducted with rodents,
in which the substance was administered orally in

gdrinking watef® or in a single dose dissolved in corn
0il 3738

e

The major metabolites of tetrachloroethylene in the
urine of laboratory animals (rodents) are trichloroacetic
acid and oxalic acid. Minor metabolites that have been

based on the resu|tgetected in some, but not all, studies include trichloro-

ethanol, dichloroacetic acid and N-oxalylamino-
ethanoB*3¥Minor amounts (1-2%) of carbon dioxide
(which is eliminated in the expired air) may also be
produced from the metabolism of tetrachloroethyl&ne.
Trichloroacetic acid has been identified as the principal
metabolite of tetrachloroethylene in hunaits
however, only a very small amount (1-2%) of the
tetrachloroethylene absorbed by humans is metabolized
and subsequently excreted in the urine as trichloroacetic
acid. Most of the absorbed tetrachloroethylene is
eliminated unchanged in expired &ir*>*The available
data indicate that the metabolism of tetrachloroethylene
Jo trichloroacetic acid is greater in mice than in either
rats”4647or humang?

In rodents, tetrachloroethylene may also be
conjugated with cellular glutathione, followed by loss
of glutamine and glycine, producing S-(1,2,2-trichloro-
vinyl)-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 rerflalyase enzyme,
producing the (putative) highly reactive intermediate
trichlorovinylthiol, which, upon rearrangement, may
be capable of forming covalent links with proteins or
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nucleic acids. Formation of the tetrachloroethylene—  epidemiological investigations, little or no quantitative

glutathione conjugate takes place in the liver, with information concerning the level of exposure to
subse%uent metabolism occurring primarily in the tetrachloroethylene was presented. Notably, in a small
kidney. 9The conjugation of tetrachloroethylene with  study of dry-cleaning workers, there was no increase in
glutathione and activation of S-(1,2,2-trichloro- mortality due to cancer in a subcohort of 615 individuals

vinyl)-L-cysteine by the rendd-lyase occur to a greater exposed only to tetrachloroethylene. In addition, in
extent in rats than in mic&"*°Based on the results of many of the available studies, individuals who were
dose—response studies in rodents, Getent™° employed in the dry-cleaning and laundry industries
concluded that the glutathione conjugation pathway of were analysed as a single group, although their exposure
tetrachloroethylene metabolism becomes quantitativelyto tetrachloroethylene is likely to be quite different, and
important only once the oxidative pathway is saturated.the impact of potential confounding factors such as

Formation of the tetrachloroethylene—glutathione smoking on the morbidity or mortality due to cancer
conjugate was not detectedimvitro enzymatic assays was not taken into account.

conducted with human hepatic extracts (number of The potential effects of occupational exposure to
samples not specified)and the metabolism of tetrachloroethylene on reproduction and development
S-(1,2,2-trichlorovinyl)-L-cysteine in male rats is have been examined in a number of case—control,

approximately two-fold greater than in female rats and cross-sectional and cohort studies (see reference 56 for a
30-fold higher than in mice or humans (three or four  review). An increased risk of spontaneous abortion was
samples from either seX®Thus, conjugation of reported in some, but not all, studies. Occupational
tetrachloroethylene with glutathione and activation of exposure to tetrachloroethylene was not associated
S-(1,2,2-trichlorovinyl)-L-cysteine by the rerf&lyase,  with an increased risk of birth defects or significant
although taking place in rats and (to some extent) micealterations in the quality of sperm; however, in one

may not be relevant to humans (or the enzymatic report, there was a positive association between

activities in humans are much le$%). idiopathic infertility in females and exposure to
dry-cleaning chemicals. These workers were likely

Effects on Humans exposed to other solvents, and quantitative information

The accidental (acute) exposure of humans to on exposure to tetrachloroethylene was usually not
elevated concentrations of tetrachloroethylene producegresented.
hepatotoxic and nephrotoxic effects and dé&tf51-53 The effects of chronic exposure to tetrachloro-
Following the short-term exposure of volunteers to ethylene on renal function have been examined in a
concentrations of tetrachloroethylene ranging from 106limited number of cross-sectional studies of workers
to 2000 ppm (719-13 560 mgfimsymptoms ranging employed in the dry-cleaning industry (see reference
from mild eye and nasal irritation to dizziness and 56 for a review). Other than a slight increase in the
anaesthesia were obser®¥&8 with increasing level of lysozyme in the urine of workers exposed to
concentrations of tetrachloroethylene, the severity of thietrachloroethylene, there has been no evidence of renal
effects increased, while the time of onset became shortdysfunction.

The incidence of or mortality due to cancer Ikedaet al5” found no significant difference in the
associated with occupational exposure to tetrachloro- frequency of chromosomal aberrations or sister
ethylene has been examined in case—control studies ofchromatid exchange in lymphocytes from 10 workers
laundry and dry-cleaning workers with liver or bladder exposed to 10-220 ppm (67.8—-1492 m¥)/tatrachloro-
cancer and in cohort studies of workers employed in thethylene compared with 11 unexposed individuals.
dry-cleaning and laundry industries or at an aircraft  Seiji et al>® reported that the frequency of sister
maintenance facility (see reference 56 for a review). chromatid exchange in lymphocytes obtained from
Although increased risks of liver cancer, increased 27 smoking or non-smoking workers (of either sex)
mortality due to cancer of the cervix, bladder, kidney, employed in dry-cleaning establishments (and exposed
lung and respiratory system, skin, genitals, and to a geometric mean [time-weighted average]
oesophagus, increased mortality due to lymphosarcomeagn-centration of 10 ppm [67.8 mgihfor 41 months)
multiple myeloma and non-Hodgkin’s lymphoma, and was not significantly different from that in 26 controls;
an increased incidence of liver and pancreatic cancer however, the frequency of sister chromatid exchange
have been reported in individual studies, there is little in 12 male smokers exposed to tetrachloroethylene
consistent evidence for increases in cancer of a specifisvas significantly (p < 0.05) greater (18%) than in
type in these occupationally exposed populations. three male (control) non-smokers.

Moreover, workers in these industrial settings were
probably exposed to other solvents in addition to
tetrachloroethylene; as well, in virtually all of these
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Effects on Laboratory Animals equivalent to 14 mg/kg bw per day after conversion
The acute toxicity of tetrachloroethylene in from a five-day to a seven-day dosing basis).

laboratory animals is relatively low. L for the In a study conducted by Hayesal 52 groups of

four-hour inhalation exposure of rodents to tetra- 20 male and 20 female Sprague-Dawley-derived CD

chloroethylene range from 2445 ppm (16 577 ni{y/m  rats were administered tetrachloroethylene (emulsified
to 5200 ppm (35 256 mgfn>*-51The LD;, for the oral in 4% Emulphor) at “theoretical” daily doses of 14, 400
administration of tetrachloroethylene to rodents rangesand 1400 mg/kg bw per day in their drinking water for

from 3.0 to 12.9 g/kg b\w?-%5 90 days. Controls were administered drinking water or
When tetrachloroethylene was administered orally vehicle (4% Emulphor) in drinking water in the same

(in doses ranging from 2200 to 8850 mg/kg bw) to fashion. Fluid consumption declined for all animals

Sprague-Dawley rats, tremors, ataxia and central during the course of the study. Significantly lower

nervous system depression were observed prior to deatheight gain was observed in the males receiving
of the animal$? Ambulatory (open field) behaviour was tetrachloroethylene at 1400 mg/kg bw per day and in
transiently increased immediately after male Sprague- the females receiving tetrachloroethylene at 400 and
Dawley rats were exposed via inhalation to 200 ppm 1400 mg/kg bw per day. No significant changes were
(1356 mg/m) tetrachloroethylene for four da$fs. observed in urine chemistry. A slight increase was
Dose-dependent adverse effects in the liver, kidneyfound in serum 5’-nuclectidase activity in the high-dose
and haematopoietic, reproductive and central nervous females and mid-and high-dose males. Ratios of liver or
systems are associated with the repeated exposure of kidney to body weights were increased at the highest
laboratory animals to tetrachloroethylene, with mice  dose level for both sexes, as well as in mid-dose males.
being more sensitive than rats to the hepatotoxic effect&nimals receiving 14 mg/kg bw per day tetrachloro-
A lowest-observed-effect level (LOEL) of 100 mg/kg  ethylene apparently suffered no adverse health effects
bw per day in B6C3Fmice and a no-observed-effect  (NOEL = 14 mg/kg bw per day); however, tissues were
level (NOEL) of 500 mg/kg bw per day in Sprague- not examined histopathologically, and it is not entirely
Dawley rats were derived on the basis of the results  clear how these “theoretical” daily doses were deter-
from a study in which this substance was administered mined or maintained, as the daily fluid consumption of
(orally) to these animals for 11 consecutive days; effectall animals declined during the course of the study.

observed at the LOEL were an increased liver to body Martht® reported reversible erythropoietic damage

weight ratio and hepatocellular hypertrophy and in a study in which female NMRI mice received low

swelling2¢ concentrations of tetrachloroethylene in drinking water
In a study in which the hepatotoxicity of tetra- (equivalent to 50 and 100 ug/kg bw per day) over a

chloroethylene in mice was assessed, groups (4—26, period of 49 days. This result has not been confirmed in
depending upon the dose) of male (outbred) Swiss-Coyother strains of mice, and no haematological effects
mice were administered (by gavage) tetrachloroethyleneere observed in rats administered tetrachloroethylene
(dissolved in corn oil) at doses of 0, 20, 100, 200, 500, in drinking water at a dose of 14 mg/kg bw per day for
1000, 1500 or 2000 mg/kg bw per day five times weekl\@0 days’? Clear evidence of renal toxicity (increased

for six weeks” Mice were sacrificed after the last dose kidney to body weight ratio; increased urinary volume
and examined; the liver was examined histopatho- and glucose level; increases in alkaline phosphatase and
logically. Liver to body weight ratios and hepatic N-acetyl-D-glucosaminidase activities; increased size
triglyceride levels were significantly increased at dosesand number of protein [hyaline] droplets; tubular casts
of 100 mg/kg bw per day and above. Hepatic glucose- and basophilic proximal tubular regeneration) was
6-phosphatase activity was reduced, whereas serum observed in male F344 rats administered (by gavage)
glutamate—pyruvate transaminase activity was increasedtrachloroethylene (dissolved in corn oil) at a dose of
at doses of 500 mg/kg bw per day and above. Data on 1.5 g/kg bw per day for 42 consecutive d&ys.
histopathological changes in the liver were presented The toxicological effects produced by the chronic
only for the controls and mice administered exposure of laboratory animals to tetrachloroethylene
tetrachloroethylene doses of 200 or 1000 mg/kg bw pehave been examined only in studies designed primarily
day. Mice administered 200 or 1000 mg/kg bw per day to assess the carcinogenic potential of this substance.
had hepatic damage (degeneration, karyorrhexis, In a National Toxicology Program (NTP) study, the
necrosis, polyploidy), the severity of which increased exposure (via inhalation for six hours per day, five days
with dose. No histopathological or biochemical changeger week for 103 weeks) of F344/N rats or B6C3ice
were found at a tetrachloroethylene dose of 20 mg/kg to 200 or 400 ppm (1356 or 2712 mgjntetrachloro-

bw per day, although liver weights were slightly (6%) ethylene produced a small (but not statistically signifi-
but not significantly increased (no-observed-adverse- cant) increase in the incidence of renal tubular cell
effect level [NOAEL] = 20 mg/kg bw per day, adenomas and adenocarcinomas in male rats but not
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female rats or B6C3Hnice (of either sex), compared It has also been proposed that covalent binding to
with unexposed controf8.The incidence of renal nucleic acids or proteins of a reactive metabolite
tubular cell adenomas and adenocarcinomas in groupsproduced in the kidney by the glutathione conjugation
of male rats exposed to 0, 200 or 400 ppm (0, 1356 or pathway of tetrachloroethylene metabolism (which may
2712 mg/m) tetrachloroethylene was 1/49, 3/49 and  become quantitatively important upon saturation of the
2/50 (adenomas) and 0/49, 0/49 and 2/50 (adeno- oxidative pathwa$’) may also play a role in the
carcinomas). The incidence of testicular interstitial induction of renal tumours in male ref$%72-75

tumours (39/49 and 41/50) in males exposed to 200 or The exposure (via inhalation for six hours per day,
400 ppm (1356 or 2712 mgAntetrachloroethylene was five days per week for 103 weeks) of B6G8fice to
slightly (but significantly) increased compared with 0, 100 or 200 ppm (0, 678 or 1356 mdgjrtetrachloro-
controls (35/50), although the increase was not ethylene produced an increase in the incidence of
considered to be substance related, as the incidence inhepatocellular carcinomas in both males and females
both exposed groups was similar to the overall incidend&/49, 25/49 and 26/50 in males and 1/48, 13/50 and
(89%) observed in historical contrdfsln male and 36/50 in females, respectivel)The incidence of

female rats exposed to 0, 200 and 400 ppm (0, 1356 orhepatocellular adenomas (12/49, 8/49 and 19/50) in
2712 mg/m) tetrachloroethylene, the incidence of male mice exposed to 0, 100 or 200 ppm (0, 678 and
mononuclear cell leukaemia was 28/50, 37/50 and 1356 mg/m) tetrachloroethylene was increased only at
37/50 (males) and 18/50, 30/50 and 29/50 (females). the highest concentratiGhToxic effects produced by
However, it should be noted that in this particular studythe chronic exposure (via inhalation for six hours per
the incidence of this type of tumour (56% and 36%) in day, five days per week over a period of 103 weeks) of
the male and female non-exposed controls was higher B6C3F mice to tetrachloroethylene included

than in historical controls (29% and 19%). Toxic effects diminished survival, an increased incidence of renal
produced by chronic exposure (via inhalation for six  nephrosis and tubular cell karyomegaly, an increased
hours per day, five days per week over a period of number of renal casts, as well as increased lung

103 weeks) of F344/N rats to tetrachloroethylene congestion, hepatic degeneration and necrosis
included a significant reduction in their survival, an (LOAEL = 100 ppm; 678 mg/f).>°

increased incidence of renal karyomegaly in both males  Available data indicate that the hepatotoxic effects
and females and renal tubular cell hyperplasiain the of tetrachloroethylene in mice are due principally to
males, an increased incidence of nasal cavity thrombodischloroacetic acid, a metabolite of tetrachloroethylene.
and nasal squamous metaplasia, as well as an increas@&ata also indicate (although it has not been proven) that
incidence of adrenal medullary (males) and cortical ~ peroxisomal proliferation may play an important role in
(females) hyperplasia (lowest-observed-adverse-effectthe development of these tumours. Trichloroacetic acid

level [LOAEL] = 200 ppm; 1356 mg/&).5° is a potent inducer of peroxisomal proliferation in the
Enhanced cellular proliferation resulting from cell liver of rodents; in somé&,”” but not all?® studies, the

damage produced by the renal accumulationgf effect of trichloroacetic acid on hepatic peroxisomal

globulin (i.e., hyaline droplet formation resulting proliferation was greater in mice than in rats. Moreover,

in hyaline droplet nephropathy) and the formation of  trichloroacetic acid inhibits gap junction-mediated
genotoxic metabolites of tetrachloroethylene within the intercellular communication in hepatocytes from mice
kidney have been proposed as mechanisms by which but not rats® Thus, the increased incidence of hepatic
tetrachloroethylene induces the formation of kidney  tumours in mice but (apparently) not rats exposed to
tumours in male rats exposed to this substance. The tetrachloroethylene is consistent with the greater
mechanism by which structurally diverse hydrocarbonssensitivity of mice (compared with rats) to increases in
(including tetrachloroethylene) induce hyaline droplet hepatic peroxisomal proliferation and disruptions of
nephropathy in male rats has been well documéiitéd. intercellular communication induced by trichloroacetic
Hyaline droplet formation has been observed in the  acid. If increased peroxisomal proliferation plays a
kidneys of male F344 rats exposed for short periods to critical role in the development of hepatic tumours in
concentrations of tetrachloroethylene higher than thoserodents exposed to specific substances, the observation
administered in the NTP bioassay (e.g., following (based on limited available data) that trichloroacetic acid
exposure [by inhalation for up to 10 days] to 1000 ppm stimulates such proliferation in rodent but not human
[6780 mg/nd] tetrachloroethylene®f.Whereas hyaline hepatocytes (n = 2 vitro’ suggests that these tumours
droplet formation has been observed in the kidneys of are unlikely to be relevant to humans or, at least, that
male F344 rats receiving tetrachloroethylene (orally) athumans are likely to be much less sensitive to the

a dose of 1 g/kg bw per day for 10 d&ar 1.5 g/kg bw induction of hepatic tumours by tetrachloroethylene.

per day for 42 day®¥,a similar effect was not observed The carcinogenicity of orally administered

in female F344 rat®. tetrachloroethylene was examined in a study in which




Tetrachloroethylene (10/95)

this substance (dissolved in corn oil) was administeredto the lack of consistency of reported results and to

(by gavage) to 50 Osborne-Mendel rats or 50 B6C3F possible confounding by concomitant exposure to other
mice (of both sexes) for five days per week over a substances that may have contributed to the observed
78-week period, followed by an observation period of effects.

32 or 12 weeks, respectivéRGroups of 20 rats and An increased incidence of renal tubular cell

20 mice (of both sexes) were given vehicle (corn oil) adenomas and adenocarcinomas (although not

alone or left untreated. The time-weighted average dailgtatistically significant) in male rats, mononuclear cell
doses of tetrachloroethylene for the male and female rdtukaemias in male and female rats and hepatocellular
were 471 and 941 mg/kg bw and 474 and 949 mg/kg adenomas (males) and carcinomas (male and female)
bw, respectively, whereas the daily doses for the male in mice exposed by the inhalation route to tetrachloro-
and female mice were 536 and 1072 mg/kg bw and 386&thylene has been observed in an NTP carcinogenesis
and 772 mg/kg bw, respectivéRExposure to tetra- bioassay? Generally, a substance for which there is
chloroethylene produced a statistically significant adequate evidence of carcinogenicity in two species of
increase in the incidence of hepatocellular carcinomas laboratory animals (as observed in the NTP carcino-

in both male and female mice; however, a number of genesis bioassay for tetrachloroethylene) would be
considerations limit interpretation of the results. categorized as being probably carcinogenic to humans.
Survival rates of both the rats and mice were reduced However, consideration of data on possible mechanisms
in the exposed groups. Both the control and treated  of action reduces the relevance of several of the

rats exhibited evidence of respiratory disease and increases in tumour incidence observed in the NTP
pneumonia. Additionally, questions have been raised bioassay in assessing the weight of evidence for the
concerning the large volume of vehicle administered carcinogenicity of tetrachloroethylene to humans.

and the purity of the tetrachloroethylene used in this  Owing to quantitative and qualitative differences in the
study***Based on the results of studies in which metabolism of tetrachloroethylene in rats and humans,
laboratory animals were administered tetrachloro- the induction of renal tumours in (specifically) male rats
ethylene orally, the evidence concerning the potential ond liver tumours in mice exposed to tetrachloro-
tetrachloroethylene to act as a tumour “promoter” in a ethylene may not be relevant to humans (or, at least,

liver tumour induction assay system is equivaéét. humans may be much less sensitive to such effects). The
Owing to the limitations of other carcinogenesis results considered most pertinent in assessing the weight
bioassays in which laboratory animals were of evidence for carcinogenicity are the small increase in
administered tetrachloroethylene ordfty?via the incidence of spontaneously occurring mononuclear
inhalation®3 via intraperitoneal injectich® or via cell leukaemias in a single species (i.e., male and female

dermal exposur& the results of these investigations  F344 rats) in the NTP bioassay, in which the incidence
are not useful in assessing the weight of evidence of of this tumour in the non-exposed (control) rats was
carcinogenicity. higher than that observed in historical contf8iEhe

The weight of evidence indicates that tetrachloro- proportions of animals with this tumour in the high-dose
ethylene is not genotoxic (based on examination of a group of males and females were 74% and 58%,
range of genetic end-points in bathvitro andin vivo respectively, compared with 56% and 36% in the
bioassays) or teratogenic, although it has induced minoconcurrent control groups and 29% and 19% in
embryotoxic and foetotoxic effects, but only at doses orhistorical control$?
concentrations toxic to the mothers (see reference 56 for On the basis of these observations, tetrachloro-

a review). ethylene has been classified as being possibly
carcinogenic to humans. Generally, for compounds
Classification and Assessment classified in this way, a tolerable daily intake (TDI) is

Epidemiological studies concerning the carcino- ~ derived on the basis of division of a NO(A)EL or
genicity of tetrachloroethylene in humans are limited LO(A)EL by an uncertainty factor, which, when
principally to investigations of workers employed in the considered appropriate, takes into account the limited
dry-cleaning and laundry industries (usually combined)€vidence of carcinogenicity.
who were likely exposed to several substances in The available data derived from epidemiological

addition to tetrachloroethylene and for whom quantita- and clinical studies in humans are considered inadequate
tive data on cumulative exposure were not available. t0 serve as a basis for development of a TDI. ATDI has

Although increased mortality and morbidity due to therefore been derived on the basis of results from the
various types of cancer have been observed in workerdongest-term study of adequate design in which
employed in this occupational setting, the available  tetrachloroethylene was administered orally to
information is considered inadequate to assess the ~ laboratory animals in the most appropriate vehicle. For
carcinogenicity of tetrachloroethylene in humans, owingetrachloroethylene, the (oral) TDI is derived as follows:
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14 mg/kg b d i
1| = 14 Mo/kg bw perday o . , malkg bw per day As householq water supp_lles.are n(_)rmally us_ed_ for
1000 washing, showering and bathing in addition to drinking,
where: concomitant dermal and inhalation exposure should also

+ 14 mg/kg bw per day is the NOEL in the longest-term adequate  pe considered for highly volatile organics such as

study in which tetrachloroethylene was administered in drinking tetrachloroethvlene. when data are available. A
wateP?*; the critical effects in this study were increased liver y ' )

and kidney to body weight ratios in rats modifying factor of 0.5 was applied to the aIIocatipn
« 1000 is the uncertainty factor (x10 for interspecies variation; x10 factor to account for dermal absorption from bathing or
for intraspecies variation; x10 for use of a subchronic study — showering, g|V|ng an overall allocation factor of 0.05.

avall_aple chronic studies in Whl_ch eﬁepts were observed aF all No quantitative estimate of concomitant inhalation
administered doses were considered inadequate as a basis for

development of meaningful effect levels or comparison with those EXPOSUre in terms of the equivalent number Qf litres Of_
reported in subchronic studies. An additional factor for the limited Water was attempted. One approach to allowing for this
evidence of carcinogenicity has not been incorporated, as this  contribution from inhalation exposure is to take the 90th
evidence [mononuclear cell leukaemias in rats] is not related to theperc(_}n,[”e (8.0 ug/m of the randomized national indoor

critical effect on which the TDI is based. Moreover, the weight of . . . .
evidence from a battery of genotoxicity tests indicates that this il survey*as the indoor air concentration, based on the

compound is not genotoxic). assumption that a person with 30 pg/L (the MAC) of
tetrachloroethylene in drinking water would be near the
Rationale top end of the distribution curve for indoor air levels.
As tetrachloroethylene has been classified as being his would result in a daily intake of about 138.2 pg/d
possibly carcinogenic to humans, the maximum from indoor air. Using the average food intake and
acceptable concentration (MAC) in drinking water average outdoor value for tetrachloroethylene in
is derived from the TDI as follows: ambient air as before, the total daily intake for a person
0,014 mgkg bw per day x 70 kg bw x 0.1 x 0.5 with 30 pg/L in drinking water i_s e.stimated to be
MAC = — ~—=0.03mg/L 242 g, or 25% of the adult daily intake of 980 pg, as

1.5L/d indicated by the oral TDI of 0.014 mg/kg bw per day.

_ _ The allocation factor of 10% thus gives ample
» 0.014 mg/kg bw per day is the TDI, as derived above L. g
. 70 kg bw is the average body weight of an adult allowance for the additional unquantified exposure that
. 0.1is the proportion of total tetrachloroethylene intake allocated to Will come from inhalation of volatilized tetrachloro-

where:

drinking water ethylene during household and personal use of water,
« 0.5 is an additional modifying factor applied to account for dermal such as showering
absorption The d tation and t for this guid
+ 1.5L/d is the average daily consumption of drinking water foran € documen _a lon an ?Ssessn_]en or this guide-
adult. line were based primarily on information presented
previously in the CEPA assessment report on tetra-
Available data indicate that the intake of tetra- chloroethylen® and accompanying unpublished

chloroethylene through ingestion in drinking water supporting documentaticThe CEPA assessment on
normally contributes approximately 1% of total intake. tetrachloroethylene was based on data identified prior
However, normal allocation factors based on average to April 1992.

exposures are not meaningful for developing guidelines
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