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TRICELORQETHYLENE

This compound was previously evaluated by an IARC Working Group in

February, 1976 (IARC, 1976a). Since that time new data have become

available and are included in this monograph.

1.1

1.2

-
Lo

Two reviews are available (Lyman, 1978; Marcier, 1977).

1. Chemical and Physical Dara

Svnonyms and trade names

Chem. Abstr. Services Reg. No.: 79-01-6
Chem. Abstr. Name: Trichloroethane

Acetylene trichloride; l-chloro-2,2-dichlorocethylene; l,l—dic§loro-2-

chloroethylene; ethinyl trichloride; ethylene trichloride; TiE; Tri;
-~

trichlor,ethylene;1,1,2-trichloroethylene

Algylen; An;men:h; Benzinol; Blacosolv; Blancosolv: Cecolene:
Chlorilen; Chlorylen; Chlorylea; Ch?orylen; Circosolv; Crawhaspol;
ggnsinfl;at; Dow=-Tri; Dukerom; Fleck~Flip; Fléck FlﬁgiZOflugte;
Femalgene; Germalgene; Lanadin; Lethurin; Narcogen;'/Naersé;d;
Sgalk; Perma-A-Chlor; Perm-A~Clor; Petzinol; Philex;q Threthylen;
Threthylene; Trethyleme; Triad; Trial; Triasol: Trichloran:
Trichloren; Triclene; Tri-Cleme; Trielene; Trielin; Trilen;
Trilene; Triklome; Trilipme; Trimar; Triol:; TRI-plus; TRI-plus M;

Vestrol; Vitran, Westrosol

=
Structural and molecular formula/ and molecular weight

~

SY e
=N
WoCl
CZHC13 . Mol. wt: 131.4

Chemical and pnysical propertiss of the pure substance

From Weast, (1976), unless otherwise noted.

A

(a) Description: Colourless liquid (Irish, 1963)

(E) B0iling point: 87°%¢

et —
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(¢) Melting point: -~73°C

(d) Freezing poinmt: -86.8°% (Irish, 1963)

(e) Demsity: d&° 1.4642

od s

(£) Refractive index: =3’ 1.4773 o
\ <
(g) Spectroscooy data: + vapour 4 200 mm; infrared, Raman, nuclear

magnetic resonance, and mass spectral data have also been
tabulated (Grasselli & Ritchey, 1975)

(h) Solubility: Miscible (0.1% w/v at 20°C) with water (Irish, 1963);
miscible with acetome, ethanol, diethyl ether, chleroform and oils
(Lloyd et al., 1975) I

hatl. R
|

(1) Yolarility: Vapour pressure is 77 mm Hg at 25% (Irish, 1963)

(1) Vapour demsity: 4.34 (air = 1) (Irish, 1963)

(k) Sgability: Nonflammable; when pure and containing a stabilizer,

- rere

it is stable in presence of air, moisture, light, and in contact
< with metals up to 130°C {Hardse;—1064). When heated with ozome,
it decomposes rapidly into products such as hydrogen chloride,
phosgene, carbon mon;xide and chlorine peroxide. At 700°C and
above, the vapouy déﬁomposes to give a mixrture of dichlorocethylene,
tetrachloroethylene, carbon te;rachloride, chleoroform, and methyl
chloride (Hardie, 1964). Upon contact with certain metals, open —
flames or ultra-violet, it decomposes almost instantly to phosgeme

and/or hydrogen chloride, chlorine and dichlorocacetyl chloride

% ~Headeh—dadaistzatisn979Y In the ' v
presence ol alkali, trichlorcethylene deccmposes to highly toxic ate -
/
dichloroacetylene (US Occupational Safety and Health Administration).
. -;-I.A.Q_i‘. -Mle-l .' A !
(;)’LThe most important reaction -of trichlorvethylene is its oxidative

breakdewvm of atmospheric oxygen, greatly acceléerated by elevation
of temperature, exposure to light, especially ultra-violet; not
hydrolyzed by water under normal conditions; reacts with alkali

under pressure at 150°¢ to produce glycolic acid and with sulphuric i)
acid to give momochloroacetic acid (Hardie, 1964) . Ef

(@) Comversion factor: 1 ppm in air is equivalent to 5.37 mg/m’

|
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1.4 Technical products and impuritias

Trichloroethylene is available in the US in high purity, elesetronic,
USP, technical, metal degreasing and extraction gfades (Hawley, 1971).
Typical an2lysis of a cemmercizl grade is: boiling range at 769 mn,
86.6-87.8°C; density, di® 1.467-1.471; acidity (as HC1), 0.0057 max.;
alkalinity (as NaOH), 0.0017 ma%; no free halogen:; residue onpevaporation,

0.005 max.; moisture content, not cloudy at -12°C.
$

Antioxidants, such as amines (0.001 to 0.01% or more) (Copelin, 1947)
or combination of epoxides such as epichlorohydrin (See also IARC, 197@5
and esters (0.2 to 2% total) (Starks, 1956), are added to trichlorcethylene.

Specifications for trichloroethylene produced in Japan are: specific
gravity (15°c/40%), 1.4680; boiling range, 86.5-88.2°C; non-volatile
matter, 0.0057%7 max.; acid content (as HC1l), 0.00027 max.

-

-

2. Production, Use, Occurrence and Apalysis

Autr
2.1 Production and Use
/

(a) Productiom

- Trichlorvethylene was prepared by Fischer in 1864 during experiments on
the reduction of hexgchloroethane with hydrogen (Hardie, 1964). The first
commercial method for its preparation was the dehydrochlorination of acetylene-
derived 1,1,2,2-tetrachloroethane (see monograph, o. ) by reactiom with
caleium hydroxide or by gas-phase pyrolysis. Although this methed is still
used today, over 90% of the trichloroethylene produced in the US is prepared
by the chlorination and dehydrochlorination of 1,2-dichlorpethane (see

monograph, p. ). This is also the process used in Japan.

Trichlorcethylene has been produced commercially in Austria and the UK
since 1908, in Germany since 1910, in the US since 1925 (Hardie, 1964), and
in Japan since 1935. Production of trichlorcethyleme in the US in 1977 was
132 million kg (US Intermational Trade Commission, 1977). OQutput has beenm
decreasing since 1970, when a reported 277 million kg were produced by
seven companies (US Tarifi Commission, 1972). This decrease in production
is due primarily to legislarion restricting the use and emissions of

trichlorvethylene and to the closing of three acetylene-based and one e:hyledF—
l.|

based plants.

SL 034684
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US exports of trichloroethylene in 1976 were 16 milliom kg, mostly
to the Federal Republic of Germany (3.8 million kg), France (3.4 milliom
kg), Mexico (2.1 milliom kg) and Brazil (2 milliom kg) (US Department of
Commerce, 1977a). US imports during that year totalled 7 million kg (US
Department of Commerce, 1977b).

"It is estimated that at least 9 companies produce trichloroethyleme in

western Europe with total production in excess of 200 williom kg/vear. In at

least three countries &France,.the Federal Republic of German§j%and the

United Kingdom) annual production is estimated to exceed 50 milliom kg/year.

These countries, and Italy engage in both imports and exports of trichlorcethylene
in the range of 10-50 million kg/year.

Annual production of trichloroethyleme in the COMECON countries is
estimated to be greater than 100 million kgz.

In Japan, four companies produced 80 williom kg trichlorcethylene in
1976, comparéd to 106 million kg im 1972. 1In 1976, 11 milliem kg trichloro-

ethylene were exported from Japan.
(b) Tse

0f the trichloroethylene produced in the US in 1977, 827 was used for
vapour degreasing of fabricated metal parts; 157 was exported; and the

remainder (32) was used in a variety of miscellaneous applicationms.

Trichleorocethylene is widely used in vapour degreasing, since all of its
physical and chemical properties fall within the limits required in vapour
degreasing processes. One disadvantage of trichlorcethylene in this use is
its high photochemical reactivity, causing smog, and leading to restrictions
on its use. Since trichlorovethylene decomposes rapidly upon exposure to high -
temperature, open flame or ultraviolet light (See section 1.3 (k)) a proposed
standard was issued by the US Occupational Safety and Health Administration on
October 20, 1975, which requires that operations involving high temperature,
open flames or ultraviolet light be ocutside of areas in which trichlercethylene
vapours are present, unless such operations are appropriately shielded and
ventilated (US Occupatiomal Safety and Health Administration, 1973).

Miscellaneous applications of trichlorcethylene include its use as a
solvent in the textile industry; as a solvent for adhesives, and lubricants;
and as a low temperature heat transfer fluid.

It has also b en used as a component in several consumer products
(Lloyd et al., 1973).

SL 034685
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A pharmaceutical grade of trichloroethylene is uged as a general
. anaesthetic in surgical, dental and obstetrical procedures and as an
analgesic in the treatment of trigeminal meuralgia. It has been used as
a disinfecrtant and detergent for skin, minor wounds and surzical instruments. N

It has also been used om a variety of animals as a volatile anaesthetic. -

The use of trichloroethylene as an exrraction solvent (e.g., for use in
manufacture of decaffeinated coffee and extraction of spice oleoresins) has
been approved by the US Food and Drug Administration (FDA) for many vears.
However, on September 27, 1977, the FDA proposed regulations prohibiting the
use of trichloroethylene as a food additive, directly or indirectly. Specific
examples and practices to be prohibited included use in hop extraction,
decaffeination of coffee, the isolation of spice oleoresins, adhesive coatings
and components, and in vinyl chloride~hexane-l copolymers. Food containing
any added or detectable level of trichloroethylene will be deemed to be
adulterated when the final order has issued. On the same data, the FDA also v,
proposed a fegulation that any human drug containing trichlorocethylene is a
new drug and will be deemed to be misbranded. Under this regulation

anesthetics comntaining trichlorcethylene would be banned. Also it was
proposed to declare trichloroethylene a deleterious substance, thereby
causing any cosmetic product to be deemed to be adulterated under existing

law. The FDA also proposed a regulation prohibiting the use of trichlorocethylene

the use of trichloroethylene for the extraction of oil-seed products would

be prohibited. The FDA also proposed an order prohibiting the use of

T "v Jv?'

trichloroethylene ip animal drug products, such as ifs use as an inhalation
anestheric, skin disinfectant, and in dectergents (US Food amd Drug
Administration, 1977).

No data on use patterns in Europe were available.

The estimated 1977 Japanese consumption pattern for trichlorcethylene is:

metal cleaning, 637%; solvent and other uses, 237%; and exports, Ll4%.

It was reported in May 1978 thar trichloroethylene has been accepted E%

.
w8

17

by the US Envirommental Protection Agency as a candidate for issuance of a

¢/ mnotice of a reburzable presumption against renewal (RPAR) of registration

SL 034686 ¥
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(see 'General Remarks on Substances Comsidered', p. ) on the basils of

possible oncogenicity (Anon., 1978).

The US Occupatiomal Safety and Health Administrations health stamdards
for exposure to air contaminants require that an emplcyee's exposure to
trichloroethylene does not exceed an eight-hour time-waighted average of
535 rﬁg/m3 (100 ppm) in the working atmosphere in any eight-hour work shift
of a forty-hour work week (US Occupationmal Safety and Health Administration,
1975). The corresponding standard in the Federal Republic of Germany is
260 mg/m?, in the German Democratic Republic, 250 mg/m?, in Swedenm, 160 ag/m?,
and in Czechoslovakia, 250 mg/m’® (Wimell, 1975).

The US Occupational Safety and Health Administration propesed on
Qctober 20 1975, that the maxzximum allowable concentration be reduce from
vMﬂﬂm 05 ™ME | % 3

OO ppqvto,QSO ppfp(US Occupational Safety and Health Administration, 1973).
The maximum acceptable ceiling comcentration in the USSR is 10 mg/m® (Winell,

1975). )

The US Natiomal Institute for Occupational Safety and Health has
recently recommended that occupational exposure to halogenated an;sthetic
agents, including trlchloroethylene, be controlled so that ae worker is exposed

AJ.F"?M
at concentrations greater thang pp?/(NIDSH, 1977b).

2.2 Qccurrence

Trichloroethylene is not known to occur as a natural product. The
cccurrence of trichlorvethylene in air, water, soil and sediments, food,
marine organisms, and man have been reviewed (Bartelle Columbus Laboratorieas,
1877).

(a) Adr

The US Enovirommental Protection Agency has estimacted that approximately
60%Z of the total annual world production of trichloroethylene is released
to the enviromment, with annual emissions of about 340 million kg to the
atmosphere and 2.1 million kg to the ocean (Fuller, 1976). The dispersive
uses of trichlorcethylene (metal cleaning and solvent applications) have
been estimated tp result in arnual em:i.ss:i.r.n:x;,:7 of 192 million kg in the US
(Fuller, 1976) and 100 million kg in Japan (Ohta et al., 1976).

The background ambient air concentration of trichlorcethylene has
been reported for several world-wide locations including: (1) Westerm
Ireland, at levels of 80 ng/m’ (15 ppt) (Lovelock, 1974); (2) over the

03&637
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,. North Atlantic, at less than 27 ng¢p (5 ppt) (Lovelock, _L974) 5 (3)
QA LIl At AL Hraa. FATIE NS fad Mmugien AT

rural area;Z/ ng/m® (5 ppt)/and {4) the northern hem;sphere, at a level

of about 80 ng/m*® (15 ppt), and the southern hemisphere, at a lavel of ~

. about 8 ng/m® (1.5 ppt) (Cox 2t al., 1976). o

Trichloroethylene has also been detected in ambient air in: (1)
the North easterm US, at typical levels of 1 ug/m?® (0.1B ppb) in urban
areas and less than 0.1 ug/m® (0.02 ppb) im rural areas (Lillianm 2t al.,
1975); (2) Michiganm, at levels of 150-500 ng/m’ (30-90 ppt) (Russell &
Shadoff, 1977); (3) at 4 Califormia sites at levels of 83-1670 ng/m3
(}§;6—§EO.8 ppt) (Singh, 1976); (4) at five US land stations ranging from
2 to 28 ng/m3 (0.4=5.2 ppt) and ele;en sea stations ranging from 1 to 22
ng/m® (0.2-4 ppt) (Murray & Riley, 1973); (5) Tokyo, Japan, at twenty-six
sites, at average levels of 6.4 ug/m® (1. 2_ppb) (Ohta 2t al., 1976) and
(6) Manchester, England, at levels of 5.35-342 ug/m3 (1-64 ppb) (Pearson
& KcConnell 1975).

, ‘.}.:\ .
i

(p_) Watary

-

A summary of reported occurrences of trichloroethylene found in twe

Ty
raw water samples, oue lake water ggmple, o finished drinking water ‘

~ samples,; ane raw sewage sample, {fiGErs and in samples of effluent Irom ke~
. chemical plants and ahnee sewage treatment plants is available (Shackelford
& Reith, 1976). In samples of surface waters collected from 204 sites near
heavily industrialized areas trichloroethylene was detected at 88 sites, at
levels greater than 1 ug/l (Ewing et al., 1977).

Trichloroethylene has been detected in: (1) tap watar (Dowty 2¢ zl.,
1975); (2) tap, lake, spring, and subterranean water at lavels of 105, 38, -
5, and 80 ng/l, respectively (Grob & Grob, 1974); and (3) effluent warer

pa——

from a chemical production plant at levels of 0.2 mg/l (Eurocop=Cost, 1976).

Trichloroethylene has alsc been detected in: (1) a river, at levels
of 25 ug/l (Rook ¢t zl., 1975); (2) the ground water near waste deposites
at levels of 100 ug/l (Kotrzias ¢t al., 1975); (3) the drinking water of
five cities ;; levels of 0-0.5 ug/l (Coleman et gl., 1976); and (4)
influent and effluent water from a sewsge treatment plant, at levels of .
8.6-40.4 ug/l (Bellar et al., 1974).

| X%

(¢) Soil and Sediment

Concentrations of trichlorcethylene in $0il and sediment near
, production and user sites in the US ranged from 0- over 100 ug/kg (Battelle
Columbus Laboratories, 1977f). '
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(d) Food

Trichloroethylene has been detected in the following foodstuffs in
England: dairy products, meats, oils and fats, beverages, and fruits and
vegetables at levels of 0.3-10, 12-22, 0-190, 0-60, and 0-5 ug/kg,
respectively (McComnell et aql., 1975). Tr;ces of trichi;roethylene have
also been found in edible oils after extraction (Graciam & Martei, 1972).

(e) Marine organisms

Trichloroethylene has been detected in three species of mollusks,
at levels of 0%95% ng/g, and five species of fish, at levels of 0-479 ng/g
(dry weight) (Dicksom & Riley, 1976).

(£) Buman

Trichloroethylene has been detected in post-mortem human tissue
samples, at levels of less than 1-32 ug/kg (wet tissue) (McCommell et al.,
1975) and in human expired air, at levels of 0-3.9 ug/hr/subject (Conmkle
et al., 1973)..

1t has been estimated that about 60,000 people are annually exposed
to trichlorcethylene as an anesthetic (Fuller, 1976).
2. n
() Occupational Exposure

The occupational exposuyre to trichloroethylene has been raviewed
(National Imnstitute for Occupational Safety and Health, 1973).

Irichlorocethylene has been detected in the atmosphere of dry cleaning

- plants (Bamenko, 1974). Levels of 1076-43,000 mg/m® (200-8000 ppm) were

alsc found in a small factory (Kleinfeld & Tabershaw, 1954).

Concentrations of vapour in a dial assembly workshop in a factory
ranged from below 135 mg/m’ (25 ppm) to over 538 mg/m® (100 prm) and in the
degreasing room, were between 800 and 1350 mg/m® (150-250 ppm) (Takamatsu,
1962).

The concentration to which surgeons and nurses were exposed in
operating-rooms varied from 1.6=554 mg/m® (0.3-103 ppm) (Corbett, 1973).
About 5000 medicig'dental and hospital personnel are routinely exposed to
trichloroethylene.

The 1974 National Occupational Hazard Survey by the US Natiomal
Institute for Occupational Safety and Health (NIOSH), has estimated that

s
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workers primarily in the aircraft manufacruring industry, in blast
furnaces, and in steel mills are exposed to trichloroethylene (NIOSH,
1977a).

(h) Other

Trichlorvethylene has been detected as a trace impurity in US
helium (Schehl, 1973).

2.3 Analysis

A review of the analysis of trichlorocethylene in waste-treatment
plant sludge was made by Camisa (1975). The apalytical methods to
determine trichloroethylene in air, oleoresins, blood, and urine have
also been rveviewed (KDQBer, 1975; Walter et al., 1976).

Some methods used to determine trichloroethylene in envirommental

samples are tabulated in Tablas 1.

Gas chromatography with electron capture detection has been studied
collaboratively by eight Zuropean laboratories to detect trichloroethylene
residues in grain. The limit of detection ranged from 0.005-0.2 mg/kg
(Panel on Fumigant Residues in Grain, 1974).

A system to determine trichloroethylene in watar is described
(Ellison & Wallbank, 1973).

Use of gas chromatography has also been made by Kuchinskii (1977)
and Lillian et al., (1973).

3. Biological Data Relsvant to the Zvaluatiom

et
of, Carcinogenic Risk to Humans
~

3.1 Carcinogenicity studies in amimals'

(a) Oral administration

Mousge:

Groups of 50 male and 50 female B6C3T1 mice, 3 weeké—old, were
administered trichloroethylene (997 pure; 0.197 1,2-epoxybutane and
0.09% epichlorohydrin) (See also IARC monograph on epichlorohydrin

(1IaRC, 1976b» in corn oil by oral gavage. High dose males recieved
"

'The Working Group was aware of ongoing studies to assess the
carcind?genéhity of trichlorvethylene in mice by skin, subcutaneous and
oral administration (IARC, 1978a) and of an inhalation study in rats and
mice carried out under cont:gss)to the Manufacturing Chemist's Association

(:Toxicology Information Progfam.’ APreliminary results of the inhalation

study indicate findings similar to the NCI Study(: Page & Arthur, 1978)

SL 034690
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2000-2400 mg/kg bw/day 3 days a week for 78 weeks and females 1400-1800
mg/kg bw/day. Low dose males and females received 1000-1200 mg/kg
bw/day and 700-900 mg/kg bw 5 days a week for 78 weeks. All surviving

pw e

animals were observed until they were 95 weeks of age., Time~weighted
average doses were 1169 and 869 in low dose males and females and 2339

and 1739 wg/kg bw/day in high dose males and females. Groups of 20 male

and 20 female mice served as vehicle-treated matched controls. Survival
was reduced in high dose males and control males. Hepatocellular carcinomas
occurrred in 1/20 control males and 0/20 control females, in 26/50 low o
dose males and 4/50 low dose females, and in 31/48 high dose males and
11/47 high dose females, Mtastases of the liver-cell tumours to the

"t

lung were found in 7/98 treated males and in 1 control male. The first
hepatocellular carcinoma%-gggi observed in a2 mouse treated with the high
dose of trichloroethylenme that died during week 27. Lung tumours occurred
in both sexes in the treated groups: 3/50 (5 ademomas) and 4/50 (2
adencmas, 2“carcinomas) in males and females'of the low dose group and
2/48 (1 adenoma, 1 carcinoma) and 7/47 (5 adenomas, 2 carcinomas) in

males and females treated with the high doge of trichlorcethylene. 1In

the controls, only one lung adenoma was reported among the females
(National Cancer Institute, 1976). [The Working (oup noted t%szggz

low dose males and females received 1 and 0.7 mg/kg bw/day epicpedydrin
and the high dose males and femaleg received 2.1 and 1.56 mg/kg bw/day ' —_—
epichlorohydrin. ]

- L
- 4
Rat: Goups of 50 male and 50 female Osbome—‘jh\fhndel rats, 4 weeks - Vv
of age, received by gavage trichloroethylene (99% pure; 0.157 1,2 epoxybuﬁane =
and 0.097 epichlorohydrin) (See also IARC, 1976b) in corm o0il 5 days a
week for 78 weeks.{ﬂgigh dose animals received varying dose schedgiii"of
1000-1500 mg/kg bw and low dose animals received 300-750 mg/kg bw A1l
surviving animals were killed 110 weeks after the start of treatment
The time-weighted average doses were 549 and 1097 mg/kg bw/day. A group
of 20 male and 20 female vehicle-treated rats served as conrrols. 1In
males 17/20 controls, 42/30 low dose and 47/50 high dose rats died
before the end of the study In females 12/20, 35/48{controlsflcw dcsg)and R

37/50<high dosg)rats died. TEdian survival time was approximately 60 weeks

|7

for hiéh dose males and 85 weeks for low dose males. In females the median
survival time of high and low dose rats was approximately 70 weeks. In males,
5/20 controls, 7/50 low dose and 5/50 high dose rats developed tumours. In
females, 7/20 controls, 12/48 low and 12/50 high dose rats developed tumours.

- '%
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No liver-cell tumours occurred."Thp tumours occurred in variocus organs in

witreated and vehicle control;rzngggre mainly reticulum~cell sarcomas,

lymphosarcomas or malignant l}ﬁphomas, fibroadenomas of the mammary gland,
haemangiosarcomas at various sites, follicular adenocarcinomas of the '
thyroid, chromophobe adenomas of the pituitary and renal hamartomas. Toxic —
nephropathy was observed in rats of both sexes treated with bigh and low

doses of trichlorcethylene (Natiomal Cancer Institute, 1976). [The Working

%&oup noted the poor survival of treated rats and that the low and high dose

animals received 0.5 and 1 mg/kg bw/day epichlorohydrin.] -
! £
In a preliminary report of an ongoing study, groups of 30 male and 30 .

female Sprague Dawley rats, 13 weeks of age, were given 30 or 250 mg/kg bw
trichloroethylene (purity unspecified) in olive oil by oral gavage 43
times per week for 52 weeks followed by observation for life. A group of
30 male and 30 female controls received olive oil alone. Results were
reported 76 weeks.after the start of treatment at which time 46 comtrols,
39 low dose and 34 high dose males and females combined of each group were
still alive. Among high dose rats that had died 1 lymphoid leukaemia and -
1 plasmocytoma was observed (minimum latent period 38 weeks) and 2
plasmocytomas occurred in low dose snimals that had died (minimum latent
Fferiod 70 weeks). N? such tumours were found in coutroli/ (Miltonif 4
/?aioli, 1977). )

-~ -
A

3.2 Other relevant biological data —

-~

(a) Experimental systems

. "

Toxic effects

5

-
t

A wide variation in impurities and manufacturing processes produces
inconsistency in the evaluation of experimental trichloroethylene :okicity
(Defalque,. 1961). Pure trichloroethyleme decomposes readily into highly
toxic products. The extensive literature on toxicity of trichloroethylene
has been reviewed by Aviado et a¢l. (1976), Browning (1965), Defalque (1961),
U5 Occupational Safetry and Health Administzation (1973), Lloyd =zt gi. (1973),
Von Oettingen (1964), Smith (1966), and Walter et al. (1976).

In rats, the oral LDsy was 7.2 g/kg dbw (Smyth 2% z2l., 1969) and in .
nice, 2.85 g/kg bw (Aviado et aZ:T-1976). The i.p. LDse¢ in mice was 3.2 g/kg
bw (Klaassen & Plaa, 1966) or 1,83 g/kg bw (Schumacher & Crandjean, 1960);
that in dogs was 2.8 g/kg bw (Klaassen & Plaa, 1967). The lowest lethal

"%

.
S~y
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i.v. dose for dogs 150 mg/kg bw, and in rabbits, the s.c. lethal dose was
1.8 jh/kg bw (Barsoum & Saad, 1934).

The maximum conceﬁtrations of vapour which produced no toxic effects
after exposura for 7 hours daily om 5 days a week for © months were: rats
and rabbits, 1076 mg/m® (200 ppm); guinea-pigs, 338 mg/m’® (100 ppm);
monkeys, 2%29 wg/m® (400 ppu) (Adams e? al., 1951). 30 exposures (8 h daily,
5 days/weeks, to 3§E§ mg[Es (700 ppm) or continuous exposure to 189 mg/m’

(35 ppm) for 90 days) did not cause any visible sign of toxicity in raég,
dﬁgs, monkeys, guinea~pigs and rabbits (Prendergast et al., 1967).

In 8 cats exposed to comcentratioms of 108 mg/m® of air (20 ppm) for
1-1.5 hours per day for 4-6 months, centrilobular hepa}itis, nephritis,
hypertrophy of lymphoid glands and splemomegaly were observed (singer &
Fiorentini, 1955). In mice, trichlorcethylene caused less damage to the
kidneys and liver than did carbon tetrachloride or chloroform (Xlaassen & Plaa,
1966). .

In a chronic toxiceity study the maximal sgleratad oral dose of
industrial grade trichlorvethylene in Osborne—?éndel rats was 1100 mg/kg
bw for both sexes, and 2340 mg/kg (male) and 1740 mg/kg (female) in B6C3F1L
hybrid mice (Natiomal Cancer Imstituta, 19756).

Embryotoxicity and teratogenicity

y
s

Groups of rats and mice were exposedf? hours daily on days 6-15 of

gestation to 1600 mg/m® (300 ppm) im air criEEIbroethylene inhalagg;;“ﬁ
without effects on the average number of implantation sitas per littar, litter
size, the incidence of foetal resorptions, foetal sex ratios or foetal body
measursments. No treatment-related increased incidence in skelatal eor

visceral malformations was observed (Schwetz et al., 1973).

Absorption, distribution, excretion and metabolism

A review is available (Piotrowski, 1977).

Following inhalation of trichlorocethyleme, no trichloroethylene was

detected in the blood o;rorgans of rats (Kimmerle & Eben, 1973a).

Dogs exposed to trichlorvethylene excreted trichloroacetic acid and

the glucuronide of trichloroethanol in the urine (Barrert & Johnstom, 1939;

Butler, (1949).
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Whexn 35Cl-trichloroethylene was gilven by‘gavage to ratsg, 10-207
of the dose was excreted in the urine as 1-57 trichloroacatic acid and
10-157% trichloroethanol, 0-0.5% was excreted as trichloroethylene in the
faeces and 72~85% as trichloroethylene in the expired air (Daniel, 1963).

The demonstration of the enzymic conversion of trichloroethylene to
Al
chlor#al by liver microsomes from rabbits, rats and dogs supports the

suggestion of Powell (1943) that the trichloroethyleme oxide intermediate

==
rearranges into chlorayhydrate (Byington & Leibmaw, 1965: Laibman, 1963).

also isolated in vitro as an intramolecular rearrangement product of
trichloroethylene oxide; chloral is then in part reduced to trichloroethanol
or oxidized to trichloroacetic acid (Bonse & Henscher, 1976; 3Bonse 27 zI.,
1975). Spectral evidence for the formation of trichlorcethylene oxide
(2,2,3~-trichloro~oxirane) during incubation of trichlorocethylene with
metaboliziné hepatic microsomes was reported by Uehleke ev al, (1977). !

In vivo and in VIiro wedicaesiwitm—of luC-trichloroethylene is
irreversibly bound to liver endoplasmic protein (Allemand ¢t zl., 1978;
Bolt et al., 1977; Uehleke & Poplawski-Tabarelli, 1977 aad Van Durren
2w Ma-Q.A-MuA DNA e vt (el & van bu-&.u\:.u ,axy /)
& Banerjee,’ 1976%[ Binding is correlzted with the act1v1ty of nepatix oixed- )
function oxidase’}Uehleke & Poplawski-Tabarelli 1977) thus, treatment of ta

animals with inducers of hepatlx mixed function oxidase such as phenobarbital, -

~

methylcholanthrene, Aroclor 1254, hexachlorobenzene, increased the hepato-

toxigity of trichlorocethylene (Carlsom, 1974; Moslem 2t zl., 1977a) and

depleted hepatic glutgathione (Moslen 2zt zl., ;EZZEQJ,/fgvénother assay wi:ﬁ——“\\
:’EZE;oneZZa typhimurtum T%lOO, the pure compound was not mutagenic aither in *ﬁ\

¥ vy e -
P

2
/ the presence or absence of rat liver microsfmes; in addition it was shown that X \

'
¢

- -

two of the impurities found in a technical trade sample of trichloroethylene, /
s/

epichlorohydrin and l,Z-epoxybﬁtane were mutagenic in the same study in chfd"’///

[

2
absence of rat liver micrﬁf?es (Bemschler 2t al., 1977). ~

———————— J

Mutagenicitv and other related shorr-term tests

¥
ar

»
4

Trichlorvethylene was mutagenic in Zscherichia coli K12 and in Saimomellia //
typhimurtum TA100 (Greim et al., 1975; Simmon et al., 1977) in the presenc%d”/,/’

of a microsomal activation system feemsemrer—er—=iTTIT9FN). F e

In Saccharomyces cerevisice strain XV185-14C, trichlorcethylene induced

kS

reverse mutations in the presence of mouse liver microsomes and the mutation

]
)
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frequencies were concentration~dependent. On the basis of their data,

the authors concluded that trichloroethylene induced base-nair as well

as frameshift type mutations (Shahin & Von Borstel, 1977). Positive

reeults had also been reported in the same species for the induction of gene
mutations and mitotic gene conversiom (strain D7) in the prasence of
mammalian microscmes as well as in host(mouse)-mediatad assay (strain D4)
(Brenzetti et al., 1978).

Mice given single i.p. injections of trichloroethylene (in doses of 50%
of LDs¢ in dimechylsulphoxide)or five repeared injections of 1/6 LDsg (at one
day invervals) showed no increase in the frequency of chromosome aberrations

in their bome marrow cells (Cerni & Kypénové, 1977).

i In spot tests for somatic mutatioms, 1. P treatment of pregnant mice, with
1 m? trichloroethylene_;gduced coat colour muaticns in _mbr?os exposed in
utero (Fahrig, 1977). ‘[To what extent the positive mutagenlc results raeported
with trichlarcethylene are due to impurities in the test samples could not be
determined by the Working Groupl.

(b) Humans

Numerous fatalities as a resu%i of trichloroethylene anaesthesia and of
t
industrial intoxdcations weve compimed. Sudden death, probably due to
ventricular fibrillation has been reported upon exerticm shortly after inranse

exposure (Defalque, 1961).

Chronic inhalation of trichloroethylene affects the central nervous
system (Grandjean et agl., 1955). Accidental ingestions produced imebriery,
vomiting, diarrthoea, collapse and coma followed sither by death (pulmonary
ocedema and liver and kidney necrosis at autopsy) or racovery with trangient
neurological sequelae (amnesia, headache, numbness, weakness of extremeities,
psychosis, or hemiparesis) (Defalque, 1961). Toxic effects on the livEr have
been reported (Schilttmann, 1970). It has been suggested that the toxic
action in humans was mainly due to contaminants (Browning, 1965; Defalque,
1961).

Psychophysiological function was depressed in volunteers exposed to
110 ppm (592 mg/m?) trichloroerhylene for two 4 hr periods (Salvini et al.,
1971). Experimental exposure of ten volunteers to 1070 mg/m® (200 ppm)
trichloroethylene vapour for periods of 7 h during 3 deys produced fatigue
and sleepiness (Stewart et al., 1970). Impairment of neurological and
psychological functions after acute and longer exposure was also reported by
Gamberale et al. (1976) and Triebig et al. (1977).
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Cutanecus reactions to trichlorocethyleme have been reported (Bauer
& Rabemns, 1974; Schirrem, 1971; Stewart ¢t al., 1974).

There is an indication of enhancement of the liver-toxic effect of ] .
trichloroethylene by concomitant exposure to ethamol or isopropyl alcohol L
(Traiger & Plae, 1974).

The uptake of trichlorocethylene by the body as well as blood

ol
concentrations of trichlorcethylene has been reported (Astrand & Ovrum, 1976).
T - — tTm—
The concentration of the metaboliF trichloracetic acid in the urine - -

."

is an indication of trichloroethylene exposure (Axelson 2t gl., 1978; Smith,

' 1978).

Humans exposed to trichloroethylene excrete trichloracetic acid and
trichloroethanol in the urine (Kimmerle & Eben, 1973b; Nomiyama & Nomiyama,

5 1971; } Powell, 19453). Kinetic studies of formation and excretion of
trichloroacetic acid and trichlorcethanol] have beem reported (Fernandez et al.,
1977; Monsﬁer et al., 1976 ¥'Muller 2t al., 1974). Chloral hydrate was
identified as a trichloroethylene metabolite in the blood (Cole 2t al., 1975;

17

RN Scansetti ¢t zi., 1959).

T

et

3.3 Case reports and epidemiological studies’

An epidemiplolgical study of cancer mortality among 518 males
occupational exposed to rather low levels of trichloroethylene as estimatead
by trichloroacetic acid in the urine has been reported (Asedsow =T wo, L9787,
(Exposure categories with averages below and above 100 mg/l trichloroacziic v
acid in the urime were used; 100 mg/l roughly corresponds teo an eight-hour '
time weighted average exposure of 160 mg/m’ (30 ppm) trichloroethylene in
air). When compared to the national population rates, 49 deaths from all
causes were observed versus 93 expected. With no counsideration givem to
latency or intensity of exposure, 1l deaths due to cancer of all sites were
obgerved versus 14.5 expected. When analyses was restricted to the time
period, ten or more‘years gince onset of exposure, no significant excess of
cancer was demomstrated, either for those axposed to high or lower levels of

trichloroethylene. It was concluded that this study could not rule out a E§
—

'The Working Group was aware of 2 studies in progress: a cancer mortality
study of workers occupationally exposed to trichloroethylenme and a follow-up
study of workers exposed, to organochloride and alkylchloride compounds, to
vinyl chloride, trichloifthylene and unsaturated compounds (IARC, 197?9.

) 3

-
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cancer risk to man, particularly for rare types of malignancies, such
as liver cancer (Azelson 2t al., 1978). ([The small sizes of the study
group and the relatively short latend period (mainly less than 20 years)

underline this conclusion.]

4, Summarv of Data Reportzd and Evaluation

4,1 Experimental data

Trichloroethylene was tested ip one experiment in mice and in one
experiment in rats by oral administration. In mice, it produced
hepatocellular carcinomas and lung tumours in both males and femsles. The
experiment in rats was considered to be inadequate. Preliminary results

of an ongoilng study by oral administration to rats could not be evaluated.

Trichleroethylene is mutagenic in bacteria and yeast and in spot

tests for somatic-mutations in mice.
4.2 Fhman datal

No case reports were available to the Working Group. The only
epidemiological study available reported no statistically significant excess
of cancer associated with exposure to trichlorcethylepne. However, owing
to the small size of the group and the relatively short time since onset of

exposure, an assessment of carcinogenicity could not be made.

The extensive production of trichlorvethylene for over 30 years,
together with its use as an industrial solvent and metal cleaning agent, as
an inhalatiomal anaesthetic and as a bacteriocide in drugs, food and consumer
products, indicate that widespread human exposure occurs. This is confirmed
by many reports of 1ts occurrence in air, water and foods and in human
rissues and expired air.
4,3 Evaluation

Yra e,
There 1is [umited 2vidence that trichloroethyleme is carcinogenic in ‘®ats.

1Subsequent to the meeting, the Secretariat became aware of a study of
330 decessed laundry and dry-cleaning workers who had been exposed tc carbon
tetrachloride, trichloroethylene and tetrachloroethylene. An excess of lung
and cervical cancers and a slight excess of leukaemias and liver cancers were
observed (Blair et al., 1979).
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