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Executive Summary

The chlorinated solvent, trichloroethylene (also known as TRI, TCE, trichloroethene, acetylene tri-
chloride, ethylene trichloride, 1,1,2-trichloroethylene, ethinyl trichloride' and 1,1,2-
trichloroethene) is believed to have been discovered in 1864 and was first commercially produced in
Germany in the early 1900s. It has been widely used for cleaning of metals and other parts since
the introduction of the vapour degreasing process in the early 1930s, and continues to be the stand-
ard to which other cleaning processes are compared. Today, its primary uses are as an intermedi-

ate in the production of hydrofluorocarbon refrigerants and as a metal degreasing agent in industry.

Chlorinated solvents have been used extensively for many years. During this time, the fatalities or
serious injuries which have occurred have been due to massive over-exposure through a total disre-
gard for good operating practices, or through deliberate misuse. When used with due care, trichlo-

roethylene poses no threat to human health, safety or the environment.

There is no evidence that exposure to normal levels of chlorinated solvents increases the risk of

cancer in humans, based on extensive toxicological and epidemiological research.?

The health effects of trichloroethylene have been studied extensively. The most significant findings
to come from many long-term animal studies of this solvent are that it can cause liver and lung tu-
mours in mice. The relevance of these findings to human health is unclear, however, because of
research indicating that the mechanism of liver/lung tumor induction in mice does not apply to hu-
mans. This is supported by large epidemiological studies of workers exposed to trichloroethylene
that generally indicate no overall increase in cancer risk. Recent studies of small populations of
heavily exposed workers in Germany and France appear to show an increase in kidney cancer. Alt-
hough these studies suffer from major design flaws and are inconsistent with the results of larger,
better conducted studies, they were used by the European Union to revise the cancer classification
of trichloroethylene. In July 2002, trichloroethylene has been classified in the EU as a category 2
carcinogen (R45) (under regulation 1278/2006 classified as a category 1b carcinogen; H350: May
cause cancer). All products containing this solvent at a concentration of 0.1% or more must carry
the H350 hazard-warning label: “may cause cancer.” In April 2009, the Scientific Committee for
Occupational Exposure Limits classified trichloroethylene as a group C carcinogen, that is a genotox-

ic carcinogen for which a practical threshold is supported.

The two European trichloroethylene producers, Dow Europe, Chimcomplex Borzesti (Romania) and
the Importer Banner Chemicals (UK), have signed a product stewardship charter aimed at ensuring
safe use of this chlorinated solvent in all metal-cleaning applications. The charter commits signato-
ries to selling trichloroethylene only to end-users with enclosed equipment, thus minimising work-

place exposure.

" http://www.atsdr.cdc.gov/HEC/CSEM/tce/exposure pathways.html
2 Perchloroethylene - ECETOC Report No 37
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Introduction

Trichloroethylene, a colourless, volatile liquid, is an unsaturated aliphatic halogenated hydrocar-
bon. This chlorinated solvent is used widely by industry as a metal degreaser. It is especially va-
luable because of its cleaning properties, low flammability and lack of a measurable flash point.
Trichloroethylene also is used as a chemical process intermediate in fluorochemical and polyvinyl

chloride (PVC) production. It has been used worldwide for more than 70 years.

In the European Union, this solvent is produced by Dow Europe, Ineos Chlor and Chimcomplex Bor-
zesti (Romania). Sales in 2006 in the EU-25 plus Norway, Switzerland and Turkey totalled 25,000
tonnes, down by 16.7% on 2005 sales (28,000 tonnes) and less than half the figure recorded in 2002
(52,000 tonnes)®. The absolute sales of Trichloroethylene can no longer be reported in ECSA accord-

ing to Cefic statistics rules.

The main uses of trichloroethylene in the EU in 2003 were as follows*: Feedstock (chemical in-

termediate) 67%; Metal degreasing in vapour degreasers 28%; Adhesives 3%; Others 2%.

High-purity grades of trichloroethylene are used as a feedstock in the synthesis of the refrigerant,
hydrofluorocarbon 134a. Trichloroethylene is also used in PVC manufacturing and in the production

of chlorinated end-products such as polychlorinated aliphatics and flame retardants.

Key properties that contribute to trichloroethylene’s suitability for use as a metal cleaner and de-

greaser are:

high solvency

low flammability

non-corrosiveness
high stability

low specific heat
low boiling point

low latent heat of vaporization

3http://www.eurochlor.org/communications-corner/press-releases/ecsa-press-
releases/chlorinated-solvents-market-2010-in-better-shape-after-turbulent-

2009.aspx

4 http://www.defra.gov.uk/environment/chemicals/pdf/report060203.pdf (page 4)
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Trichloroethylene’s advantages for metal cleaning include the ability to degrease more thoroughly
and several times faster than alkaline cleaners, and its compatibility with smaller equipment that
consumes less energy. This product is an important solvent for degreasing aluminium and for clea-
ning sheet and strip steel prior to galvanizing. It is also used for cleaning liquid oxygen and hydro-
gen tanks. Commercial trichloroethylene formulations include a stabilizer system to help prevent
solvent breakdown caused by contaminants such as acids, metal chips and fines, and exposure to

oxygen, light and heat.

Trichloroethylene is also used as a solvent in some non-flammable adhesive and aerosol formula-

tions, and as a low temperature heat-transfer medium.
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Health Effects

Chlorinated solvents have been used extensively for many years. During this time, the only fatalities
or serious injuries which have occurred have been due to massive over-exposure through a total dis-
regard for good operating practices, or through deliberate misuse.” When solvents are stored, used

and disposed of properly, there is no risk to human health.

Inhalation of solvent vapour is the most frequent route of exposure: solvent vapours are heavier
than air and can accumulate in confined or poorly ventilated areas.® As a result, good ventilation is

essential in areas where the product is made or used.

General

Acute (short-term) overexposure to trichloroethylene vapour can cause central nervous system ef-
fects - such as light-headedness, drowsiness, headache, giddiness - which may lead to unconscious-
ness or prove fatal in extreme circumstances. Also, at very high exposure levels, trichloroethylene
can sensitise the heart to the effects of adrenaline and similar agents, which may lead to sudden
cardiac arrest. In addition, trichloroethylene may irritate the respiratory tract at high vapour con-
centrations. Repeated or lengthy contact with the chemical in liquid form can cause irritation of
the skin and eyes. Chronic (repeated) overexposure, well in excess of recommended occupational
limits, has been associated with damage to the liver and kidneys, although this is less well-

documented in humans than in animals.

Mutagenicity

Trichloroethylene has been tested for its mutagenicity (genotoxicity) in a number of assays in bacte-
rial and mammalian systems, both in vivo (laboratory animal experiments) and in vitro (test tube
experiments). Several of these assays have been complicated by the presence of stabilizers that are
known to cause positive responses. Overall, these studies indicate that pure trichloroethylene or
low-stabilised trichloroethylene either has no mutagenic activity or only weak activity under certain
conditions. Binding of trichloroethylene or its metabolites to protein, RNA, and DNA has been
shown in vitro. Extremely low or no binding to DNA has been reported in vivo. Hence, trichlo-

roethylene does not show significant evidence of genotoxicity in these test systems.

In the EU, trichloroethylene is classified as a category 3 mutagen R68 since 2002 (under regulation
1278/2006 classified as a category 2 mutagen) and must carry the H341 hazard-warning label:

“Suspected of causing genetic effects”.

> http://www.eurochlor.org/chlorinated-solvents-(ecsa)/about-chlorinated-solvents/facts-
figures/trichloroethylene.aspx

®http://www.eurochlor.org/chlorinated-solvents-(ecsa)/about-chlorinated-solvents/facts-

figures/trichloroethylene.aspx
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Carcinogenicity
Laboratory animal studies

The potential of trichloroethylene to cause cancer in laboratory animals has been well studied. Se-
veral studies have examined its carcinogenicity to mice, rats, and hamsters, providing both positive
and negative results. Trichloroethylene has been shown to cause an increased incidence of liver
and lung tumours in certain laboratory mice, and small increases in kidney tumours in male rats in
some studies. Interpretation of these conflicting results requires careful examination of several
factors, including variations in the purity of the test substances and difficulties in establishing the
maximum tolerated dose. Due to species differences in the metabolism of trichloroethylene, the

relevance of these results to humans is uncertain.

Significance of animal data

Extensive research into the induction of mouse liver tumours has shown that the presence of one or
more metabolites of trichloroethylene increases the number of certain intracellular organelles
(peroxisomes) in the mouse liver, with an associated increase in cell division. This suggests that
trichloroethylene promotes the growth of existing tumours rather than causing their initial forma-

tion.

In rats, the liver does not show peroxisome proliferation or other evidence of promotional activity
following trichloroethylene exposure. This observation is consistent with the absence of liver
tumour induction in long-term toxicity tests in rats. Human liver cells, similarly, do not show in-
creases in peroxisomes in response to treatment with trichloroethylene or its metabolites. Conse-
quently, it appears that the mechanism leading to an increase in mouse liver tumours is unlikely to

occur in humans.

Laboratory research indicates that the probable mechanism underlying the increase in mouse lung
tumours observed in some inhalation studies may also not be relevant to humans. A specific cell
type, the Clara cell, in the mouse lung shows a dramatic cytotoxic response to the substance, chlo-
ral, which is formed in these cells by the metabolism of trichloroethylene by the cytochrome P450
pathway. The formation of mouse lung tumours is believed to result from the repeated cycle of
damage and repair in the Clara cell, which occurs during the dosing regimen of the cancer study.
Human lungs, in contrast, have far fewer Clara cells and exhibit little or no P450 activity. Thus,

chloral is not expected to accumulate in human Clara cells.

Although marginal increases in kidney tumour incidence have only been seen in rats in certain expe-
riments, this finding has been considered by some to be biologically significant. Hypotheses concer-
ning the response of the rat kidney to trichloroethylene are being tested experimentally, and it is
generally believed that the mechanism involved has no relevance to humans. In any case, it ap-
pears that risk to humans is negligible at current levels of exposure. This conclusion is supported by

the findings of large, well-conducted epidemiological studies.
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Epidemiological studies

Studies of US workers exposed to trichloroethylene have consistently indicated no overall increase
in cancer risk. A retrospective study of over 7,000 U.S. aircraft maintenance workers followed for
an average of 25 years failed to demonstrate any significant association between exposure to tri-
chloroethylene and an excess rate of cancer. Two similar studies of 4,700 and 2,300 exposed
workers found no significant increase in cancer mortality despite additional potential exposure
through contaminated groundwater in one of the studies. These and other epidemiological studies
on trichloroethylene provide support for the conclusion that this substance does not pose a risk of
cancer, including kidney cancer, under normal conditions of occupational exposure and when pro-

ducts are used in accordance with manufacturers’ instructions.

A study of a small nhumber of employees at a German cardboard factory reported a substantial in-
crease in the risk of kidney cancer, which appeared to be associated with trichloroethylene expo-
sure. Reviewers of this study have criticised its conclusions because the existence of a cluster of
cases was recognisable before the study began. As a result, they note that the study cannot be
used as an independent test of an association. Two small case-control studies conducted in Germa-
ny by the same group also appeared to support a link between trichloroethylene exposure and kid-
ney cancer. However, the design of these studies has also been criticised, particularly the selection
of control subjects. The results of these studies are not consistent with other larger, well-
conducted epidemiological studies, none of which has associated trichloroethylene exposure with an
increased risk of kidney cancer. More recently a case-control study on kidney cancer and occupatio-
nal exposure to trichloroethylene has been conducted in France (Charbotel et al 2006). The study
consisted of 86 cases of kidney cancer and 316 controls. In the highest exposure group with over 335
ppm-years of trichloroethylene exposure a statistically significant association with kidney cancer

was reported.

Impairment of the function of the von Hippel-Lindau (VHL) tumour suppressor gene is known
to be involved in most cases of human kidney cell cancer. Recently, a German group of
researchers reported a possible association between trichloroethylene exposure and mul-
tiple mutations of the VHL gene among kidney cancer patients, including a high proportion
of subjects showing a specific "hot spot" mutation. Induction of multiple mutations in a
single gene, however, is believed by experts to be highly unlikely to lead to development of a
tumour. While experts in the VHL research field believe that a specific “hot spot” mutation
could be highly significant, further testing has failed to confirm the original observation. Ad-
ditional research on the VHL gene on cases of human kidney cell cancer of a trichloroethy-
lene exposed group was conducted recently. An association between VHL gene mutations
and exposure to trichloroethylene was not confirmed (Carbotel et al, 2007).
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Cancer classification

The International Agency for Research on Cancer (IARC) currently classifies trichloroethylene
in Group 2A, as a substance considered "probably carcinogenic" to humans. IARC, following
its own restrictive classification scheme, concluded that the combination of the results from
some of the epidemiology studies provided “limited” evidence of carcinogenicity in humans.

In the EU, trichloroethylene is classified as a category 2 carcinogen (R45) (under regulation
1278/2006 classified as a category 1b carcinogen; H350: May cause cancer).The Scientific
Committee on Occupational Exposure Limits (SCOEL) has classified trichloroethylene as a
“genotoxic carcinogen, for which a practical threshold is supported by studies on mecha-
nisms and/or toxicokinetics” (group C).

Reproductive and developmental toxicity

There have been a number of inconclusive reports of developmental toxicity in populations
exposed to trichloroethylene and other chemicals in their drinking water. In an attempt to
understand trichloroethylene’s developmental toxicity more fully, the US industry recently
sponsored a new study following Environmental Protection Agency guidelines. Pregnant rats
were exposed to up to 600 ppm trichloroethylene for 6 hours per day, 7 days per week du-
ring gestation. The top dose of 600 ppm was chosen because it is known to result in some
toxicity in pregnant rats. No maternal toxicity was observed in the lower doses (50 and 150
ppm) and no evidence of developmental toxicity was observed in the foetuses at any dose.

Several earlier studies evaluated the ability of trichloroethylene to affect the reproductive or
developmental process in animals. Inhalation studies in rats, mice, and rabbits at concentra-
tions ranging from 300 ppm to 1,800 ppm showed no significant developmental effects. At
300 ppm, no significant maternal toxicity, embryotoxicity or foetotoxicity was seen in
Sprague-Dawley rats or Swiss-Webster mice. No significant effects were observed in
Sprague-Dawley rats exposed to 500 ppm. A non-significant increased incidence of hydro-
cephalus (brain swelling) was seen in New Zealand rabbits exposed to 500 ppm. This effect
is now recognized as an artefact of the techniques employed, however, and unrelated to sol-
vent exposure. Slight foetotoxicity and growth depression were seen in Long-Evans rat
offspring at 1,800 ppm. A dominant lethal study in mice suggests the absence of any ad-
verse effect on the male reproductive system.

This spectrum of animal data indicates that trichloroethylene is unlikely to have an adverse
effect on human reproduction or development when handled in accordance with manufac-
turers' instructions.
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Environmental Effects

Trichloroethylene does not deplete the ozone layer, and its contribution to global warming,
acid rain and smog formation is negligible.’

Regulation

Trichloroethylene use is regulated under the Solvent Emissions Directive (1999/13/EC)®°.
The Solvent Emissions Directive was combined recently with six other directives in the Indus-
trial Emissions Directive (2010/75/EU). ECSA welcomes the implementation of this directive,
with its goals of reducing workplace exposures and environmental emissions. Modern equip-
ment allows more efficient use of chlorinated solvents, and will continue to contribute to the
sustainability of this class of product.

Trichloroethylene has been registered in 2010 in compliance with the REACH regulation
(1907/2006/EC on the Registration, Evaluation, Authorisation and Restriction of Chemicals).
An excerpt of the registration dossier can be consulted via the ECHA website.™

Trichloroethylene has been identified as Substance of Very High Concern (SVHC) under the
REACH regulation. Trichloroethylene is considered as carcinogen cat. 1B and therefore fulfils
the CMR criteria under REACH. It has been placed on the candidate list for authorization with
prioritization. Dow Europe, the Romanian producer Chimcomplex Borzesti and the British
importer Banner Chemicals have all signed a voluntary Industry commitment to ensure safe
use in metal degreasing by stopping supplies of TRI to companies that are not equipped with
closed systems after 2010. Industry will request exemptions for the use of TRI in closed sys-
tems under the authorization procedure.

For any solvent classified as a carcinogenic, mutagenic or reprotoxic (CMR) substance, it is
important to strictly control human exposure. In metal cleaning, this is best achieved by en-
suring that solvents are only used in closed systems. Such control measures are important
not only for trichloroethylene but also for some solvents marketed as alternatives.

"http://www.eurochlor.org/chlorinated-solvents-(ecsa)/about-chlorinated-solvents/facts-
figures/trichloroethylene.aspx
®http://www.eurochlor.org/chlorinated-solvents-(ecsa)/regulatory-compliance/volatile-
organic-compounds.aspx

*http://eur-lex.europa.eu/LexUriServ/site/en/0i/1999/I 085/

| 08519990329en00010022.pdf
http://apps.echa.europa.eu/registered/registered-sub.aspx
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The European Chlorinated Solvent Association (ECSA) released in 2011 an online toolbox
freely accessible via the ECSA website to provide users of chlorinated solvents with informa-
tion about the safe & sustainable use of these products.'! The recommendations do take in-
to account REACH as well as other European legislation or voluntary industry commitments.
The content of the Toolbox is based on the REACH Chemical Safety Assessment (CSA) of the
substances. However, the Toolbox does include recommendations based on experience of
ECSA members that go beyond the given legal framework of the CSA under REACH.

Occupational Exposure Limits

In Europe, the Scientific Committee on Occupational Exposure Limits (SCOEL) published the follow-
ing recommendation in 2009:"

8 hour OEL (TWA): 10 ppm (54.7 mg/m?)

15 min STEL (TWA): 30 ppm (164.1 mg/m?)

Additional Classification: “skin” notation

Biological Limit Values: 20 mg TCA (trichloroacetic acid) [sampling time: end of
the last shift of a workweek or a shift period ]

Beyond Compliance

ECSA strongly recommends that trichloroethylene only be used in applications where all re-
levant workplace, disposal and other environmental regulatory requirements are met. In
addition, many prudent operators have chosen to adopt practices and standards that go
beyond the strict legal requirements for use, management and disposal of trichloroethylene
and trichloroethylene-containing wastes. In addition to taking full responsibility for environ-
mental protection, these operators help to avoid potential liability for any environmental
contamination that can be traced to their solvent wastes - whether at their own plant or el-
sewhere - regardless of whether they have complied with the letter of the law. Such additio-
nal measures that go “beyond compliance” make good business sense because they mini-
mise risks of liability.

The two European trichloroethylene producers, Dow Europe, Chimcomplex Borzesti
(Romania) and the Importer Banner Chemicals (UK), have signed a product stewardship char-
ter aimed at ensuring safe use of this chlorinated solvent in metal-cleaning applications. The
charter commits signatories to selling trichloroethylene only to end-users with enclosed
equipment, thus minimising workplace exposure. This will ensure adequate control of the
risks in this application identified in the EU Risk Assessment.

! http://www.eurochlor.org/ECSA/Toolbox

12 http://ec.europa.eu/social/keyDocuments.jsp?
type=0&policyArea=82&subCategory=153&country=0&year=0&advSearchKey=recommenda
tion&mode=advancedSubmit&langld=en
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This charter — developed by ECSA — continues the European chlorinated solvent sector’s
commitment to best product stewardship practices along the entire supply chain. It has
been presented to the European Commission as a follow-up to an action plan put forward
on 12 December 2006.

In line with the Responsible Care’ initiative, signatories agree to phase out sales of trichlo-
roethylene for open metal-cleaning systems no later than 31 December 2010. This is in-
tended to safeguard the long-term sustainable use of TRl in closed systems for metal clean-
. 13

ing.

Regulation & technical information for trichloroethylene

Below data is meant as a summary. Information on Classification & Labelling of the subs-
tance to be found in a separate document on the ECSA webpage® or on the ECHA web-

page,.ls,ls

Chemical formula : C,HCl;
Molecular weight : 131.4
CAS-number : 79-01-6
EINECS-number : 201-167-4

Hazard statements: H315: Causes skin irritation.

H319: Cause serious eye irritation.

H350: May cause cancer.

H341: Suspected of causing genetic effects

H336: May cause drowsiness or dizziness.

H412: Harmful to aquatic life with long lasting effects.

Proposed hazard statements :

H315: Causes skin irritation.

H319: Cause serious eye irritation.

H317: May cause an allergic skin reaction.
H350: May cause cancer.

H336: May cause drowsiness or dizziness.

H412: Harmful to aquatic life with long lasting effects.

Bhitp://www.eurochlor.org/chlorinated-solvents-(ecsa)/regulatory-compliance/tri-

charter.aspx
% http://www.eurochlor.org/media/19077/3-5-2-12 clp tri.pdf

Phttp://echa.europa.eu/clp en.asp

16h'ctp://a pps.echa.europa.eu/registered/registered-sub.aspx

ECSA - European Chlorinated Solvent Association

11

AV. Van Nieuwenhuyse 4, box 2 B—1160 Brussels

e _ _

www.chlorinated-solvents.eu




Revision Date: November 2015
Disclaimer:

The information in this ECSA document is given in good faith and belief in its accuracy at the time

of publication, but it does not imply any legal liability or responsibility by ECSA.

ECSA cannot make any representation or give any warranty of guarantee in connection with materi-
al published in ECSA publications and expressly disclaims any liability or responsibility from any
type, direct or indirect, including for damage or loss resulting from the use, or misuse, of infor-

mation contained in this guidance.

Readers of this document should pay regard to any relevant legislation or authoritative recommen-
dations, which may have evolved subsequently to the date of publication, in particular national

legislation additional to EU legislation.

This document is of voluntary nature; each company may decide to apply it in full, partly or not to

use it. Each company remains responsible of compliance to law.

© ECSA 2015 - Reproduction is authorized, except for commercial purposes, provided that the

source is mentioned and acknowledged.

ECSA - The European Chlorinated Solvent Association

ECSA represents the interests of the producers of chlorinated solvents in the EU that are organised

under Euro Chlor.

Euro Chlor is the Brussels based business association representing chlor-alkali producers in the EU
and EFTA regions, employing 39,000 people at nearly 70 manufacturing sites. Almost 2,000,000 jobs
in Europe are related to chlorine and its co-product caustic soda. These two key chemical building
blocks underpin 55% of the European chemical industry turnover. More than 90% of the European
drinking water is made safe with chlorine and about 85 % of all medicines are synthesized using

chlorine chemistry.

Euro Chlor is an affiliate of Cefic - the European Chemical Industry Council.

ECSA

Avenue E Van Nieuwenhuyse 4 - Box 2
B-1160 Brussels

Belgium

Web: www.chlorinated-solvents.eu
E-mail: ecsa@cefic.be
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