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rat kidney tumors, methylene chloride, and trichloroethylene. A 
bound copy with tabs of the appropriate statements was sent 
directly to each member of the Halogenated Organics Subcommittee 
and the Environmental Health Committee. All documents listed in 
the attachments were included with the copies sent to the SAB.
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Director of Scientific Affairs
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August 7, 1987

<Title> <First Name> <Last Name>
<Company>
<Address 1>
<Optional><Address 2>
<Optional><Address 3>
<City>, <State> <Zip>

Dear <Title> <Last Name>:

We have assembled the enclosed information to assist your 
review of EPA/s draft Addendum to the Health Assessment Document 
for Trichloroethylene. Most of the information in this package 
consists of photocopies of research reports and papers from 
scientific literature (some of which are difficult to obtain). 
Overall, HSIA does not agree with the qualitative or quantitative 
conclusions regarding possible carcinogenic effects of 
trichloroethylene. The draft Addendum lacks a serious effort to 
evaluate epidemiological data and, for this reason alone, merits 
revision and re-review.

Some of the information concerning trichloroethylene is 
included in our comments regarding the workshop on mouse liver 
tumors and rat kidney tumors on August 12, 1987.

If you should have questions about any of the enclosed 
materials, please call us at (202) 223-5890.

Sincerely,

Paul A. Cammer, Ph.D. 
President

Enclosures
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STATEMENT BEFORE THE SCIENCE ADVISORY BOARD ON THE 
DRAFT ADDENDUM TO THE HEALTELASSESSMENT DOCUMENT 

FOR TRICHLOROETHYLENE

Our overall response to EPA/s assessment of the carcino­
genicity of trichloroethylene is summarized immediately below. 
Detailed evaluations, data, and supporting information can be 
found in the indicated attachments. Our five major points are:

(1) EPA has not carried out an adequate evaluation of a new 
epidemiology study by Shindell and Ulrich, which has a 
sufficiently large cohort to detect a risk double that of 
background. Neither the Shindell and Ulrich study nor the six 
other epidemiology studies support the conclusion that human 
exposure to trichloroethylene increases cancer risk.
(Attachment A).

(2) Conclusions in the draft Addendum regarding the carcinogenic 
pathway in rodents are in error. The preponderant evidence from 
pharmacokinetic, whole animal bioassay, and cell culture 
experiments is that trichloroacetic acid is the proximal 
carcinogen by virtue of its ability to induce peroxisomes. 
However, cell culture experiments show that trichloroacetic acid 
is not likely to be carcinogenic in man. Even if it is assumed 
that trichloroacetic acid exerts carcinogenic effects in man, 
pharmacokinetic experiments indicate that rodent models greatly 
overstate this risk. (Attachment B)

(3) Animal evidence is "limited" under EPA's guidelines for 
carcinogen risk assessment because of metabolic evidence that 
mouse liver tumors are not indicative of human risk. This 
conclusion is supported by studies of carcinogenic mechanisms of 
mouse liver and rat kidney tumors. This subject is summarized in 
our comments for the Workshop on August 12 and only a few points 
will be repeated here. (Attachment C)

(4) Trichloroethylene lacks genotoxicity for mammals and other 
higher animals. (Attachment D)

(5) Recent oncogene studies indicate that the B6C3F1 mouse may 
be genetically predisposed to liver tumors, making it an 
inappropriate model for direct comparison to the human. 
(Attachment E)

EPA's draft Addendum does not take into account the 
available human epidemiology evidence. The best scientific 
evidence addressing the question of human carcinogenicity of 
any substance is provided by epidemiology studies. Such studies 
are often confounded by factors such as cohort size, extent of 
exposure, latency considerations, and comparison to appropriate 
control cohorts, which frequently result in the inability to
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prove an absence of hazard. Thus, the hazard evaluation process 
relies on the results of animal toxicity studies as well as on 
human experience. In the case of trichloroethylene, the 
epidemiological studies carried out to date, including the most 
recently completed study by Shindell and Ulrich, do not 
demonstrate an increase in cancer in a large cohort with 
trichloroethylene exposure. While all of the epidemiology 
studies are confounded to varying degrees by the previously 
mentioned factors common to most epidemiological studies, they 
are consistent with extensive workplace experience with this 
solvent. Any assessment of risk, or lack thereof, from 
trichloroethylene must take these human data into account.
EPA also has not attempted an integration of the available human 
studies.

EPA has calculated the risk to humans as if trichloro­
ethylene were a human carcinogen by applying a linear, 
non-threshold, mathematical extrapolation model to several sets 
of animal tumor data for trichloroethylene. The calculated risk 
is less than likely could be observed in any hypothetical 
epidemiological study, no matter how extensive, given worst case 
estimates of exposure conditions and available cohort sizes.

Our views as to the relevance of recent work concerning 
peroxisome proliferation and oncogenes also lead to an evaluation 
of the potential carcinogencity of trichloroethylene in humans 
that is different than EPA's. Trichloroethylene induces rodent 
tumors through metabolism to trichloroacetic acid, the proximal 
rodent carcinogen. Human tissue does not induce the biochemical 
activities associated with a carcinogenic response to 
trichloroacetic acid in rodents.

Thus, much of the rodent bioassay evidence on trichloro­
ethylene is not relevant to man. Hepatocarcinogenic effects 
similar to those seen in the mouse have not been observed in the 
rat, which responds differently to trichloroethylene. Because 
the rat and the mouse are much more closely related to each other 
than either is to the human, the lack of replication of the mouse 
findings in the rat indicates that automatic extrapolation of the 
B6C3F1 liver tumor response to man is not appropriate.

EPA should describe the animal data as limited instead of 
adequate. Although many of the effects in animals have been 
replicated, they are of uncertain biological significance and 
were obtained at doses that were too high to allow meaningful 
hazard assessment. EPA needs to integrate the mechanism data 
which have been developed for trichloroethylene with the bioassay 
data, in order to develop a plausible hypothesis as to the 
sensitivity of the mouse relative to the rat and human.

Pharmacokinetic and other evidence suggests that 
trichloroethylene is not a proximal carcinogen in the mouse.
A metabolite, trichloroacetic acid, is the likely cause of the
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liver tumor response obs rved in the bioassays. As recently 
reported by Herren-Freund and coworkers, trichloroacetic acid 
causes hepatocellular carcinoma in B6C3F1 mice.

Following exposure to trichloroethylene, blood levels of 
trichloroacetic acid are 7-fold greater in mice than in rats.
In cell culture experiments Elcombe has shown that mouse 
hepatocytes produce 30-fold more trichloroacetic acid that rat 
hepatocytes, which in turn produce 3-fold more trichloroacetic 
acid than human hepatocytes. The rat undergoes biochemical 
responses to trichloroacetic acid in vitro that are similar to 
those observed in the mouse, when isolated hepatocytes from the 
two species are exposed in cell culture experiments. The absence 
of a carcinogenic effect in the intact rat would appear to be a 
function of its lower rate of production of trichloroacetic 
acid. Trichloroacetic acid levels vary between species due to 
pharmacokinetic differences. This can account for species 
variation in the induction of tumors in rodents.

Trichloroacetic acid is a peroxisomal inducer for rodent 
liver, both in the intact animal and in cell culture.
Peroxisomal induction by many substances has been associated with 
rodent liver tumors (Attachment B).

Elcombe has shown that peroxisome proliferation does not 
occur in human hepatocytes following jji vitro exposure to 
trichloroacetic acid, whereas it does occur in rodent hepato­
cytes. Thus, humans are unlikely to show a carcinogenic response 
to trichloroethylene, presumably because they fail to respond 
biochemically by the formation of peroxisomes. Humans also do 
not respond to a variety of other substances which induce 
peroxisomes in rodent cells and induce liver tumors in the mouse.

EPA's treatment of the pharmacokinetics of trichloroethylene 
(also referred to in the section on "oncodynamics") is in error. 
The evidence strongly favors trichloroacetic acid as the proximal 
carcinogen, and the pharmacokinetics of this substance are 
understood.

Some scientists believe that liver tumor findings in the 
B6C3F1 mouse, in the absence of demonstrable direct genotoxic 
activity, but in the presence of other epigenetic (promotional) 
events, are an anomaly and are not always indicative of true 
carcinogenic risk for man. The high spontaneous incidence of 
these tumors complicates both the statistical and biological 
evaluation of the weight of the evidence. Two recent papers 
(Attachment E) show that DNA from liver tumor tissue taken from 
B6C3F1 mice that had spontaneously developed the tumors expressed 
the activated H-ras oncogene. These studies indicate that the 
B6C3F1 mouse may be genetically predisposed to liver tumors, 
making it an inappropriate model for direct comparison to the 
human.
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Induction of peroxisomes is not thought to be a linear 
function of trichloroacetic acid concentration in the liver 
(i.e., not thought to be a one-hit phenomenon), and in the case 
of trichloroethylene, is accompanied by the induction of DNA 
synthesis in the B6C3F1 mouse liver. The data suggest that 
peroxisomal proliferation and induction of hepatic DNA synthesis, 
along with the presence of the H-ras oncogene in the B6C3F1 mouse 
liver, cause the B6C3F1 mouse to be an ultrasensitive indicator 
of tumor enhancing potential. Genetic predisposition is a 
critical factor. Henschler has reported that, after oral 
exposure to purified, amine-stabilized trichloroethylene, Swiss 
mice do not develop hepatic tumors, whereas NTP has shown that 
B6C3F1 mice do, although both strains are thought to metabolize 
trichloroethylene in a similar fashion quantitatively. These 
data, taken together, support the concept that trichloroethylen 
enhances spontaneous liver tumors in B6C3F1 mice by a secondary 
(perhaps promotional) mechanism, which conceptually embodies the 
principle of a practical threshold.

EPA's summary of the earlier Health Assessment Document 
(HAD) and its review by the Science Advisory Board is misstated. 
The HAD described trichloroethylene as belonging in either IARC 
Group 2B or 3. SAB reviewed this classification and disagreed 
with the Agency, recommending instead that trichloroethylene 
belonged in Group 3. IARC Group 3 is not consistent with 
classification of trichloroethylene in Category B2 under the EPA 
Guidelines. The statement in the HAD that mouse liver tumors 
alone constitute sufficient evidence to place trichloroethylene 
into Category B2 was not reviewed by SAB. It is flatly 
inconsistent with the Board's position in its recent review of an 
addendum to the Health Assessment Document for perchloroethylene.

Finally, the draft Addendum states (at 4-5) that Goldsworthy 
and Popp found that trichloroethylene is more potent than 
trichloroacetic acid as a peroxisomal inducer. This is not 
accurate. Goldsworthy and Popp reported that 1000 mg/kg of 
trichloroethylene increases peroxisome levels 625% in male B6C3F1 
mice and 360% in female mice, whereas 500 mg/kg of trichloro­
acetic acid increased male peroxisome levels by 280% and female 
by 305%.

EPA has also mischaracterized the results of Bergman, who 
found DNA adducts only in in vitro experiments. The draft 
Addendum interprets Bergman's in vitro experiments as if they 
were whole animal adduct studies. This experimental situation 
differs vastly from one in which animals exposed to 
trichloroethylene are shown to have DNA adducts. In fact,
Bergman did such experiments and found no DNA adducts. Further, 
EPA has not analyzed the experiments of Stott, Quast, and 
Watanabe correctly. Those experiments specified a very low upper 
bound to possible DNA adducts, based on detection limit, not 
actual DNA adducts, as described in HAD.

SL 037854



5

HSIA member companies have conducted (and desire to continue 
to support) research to provide additional insight into the 
pharmacokinetics and mechanism of toxicity of trichloroethylene. 
In addition, the Chemical Industry Institute of Toxicology has 
studies in progress on hepatic peroxisomal proliferation in mice 
and renal alpha-2-microglobulin induction in rats.
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ATTACHEMENT A

o Text of comments

o Shindell, S., and Ulrich, S., A Cohort Study of 
Employees of a Manufacturing Plant Using 
Trichloroethylene, J. Occup. Med. 27:577-579 
(1985).
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EPIDEMIOLOGY STUDIES

The draft Addendum indicates that EPA considers the 
epidemiologic data base inadequate to evaluate the carcinogenic 
potential of trichloroethylene. Epidemiology studies cannot 
generally disprove a cancer risk estimate based on animal 
studies, because the exposures will be lower and because 
experimental conditions cannot be controlled. Nevertheless, the 
1985 Health Assessment Document (HAD) summarizes six such studies 
on trichloroethylene, none of which indicated elevated levels of 
cancer deaths. These studies have been criticized by EPA, but 
none is consistent with or supports the hypothesis that 
trichloroethylene is a human carcinogen, as the 1985 HAD states 
(p. 8-128):

The epidemiologic studies on TCI
[trichloroethylene] provide no evidence for
its carcinogenicity...

There is, moreover, a subsequent significant addition to the 
epidemiologic data base for trichloroethylene: a study by 
Shindell and Ulrich of a cohort of over 2,600 employees who 
worked three months or more during the period from January 1957 
to July 1983 in a manufacturing plant that used
trichloroethylene as a degreasing agent. Ninety-eight percent of 
the cohort was traced, accounting for over 16,000 man-years of 
employment (i.e., an average of over 6 years per employee) and 
over 38,000 man-years of follow-up. This study found no 
increased risk of cancer in the exposed population. Rather, the 
study found a deficit of cancer-related deaths compared to the 
number expected in exposed white male workers, and this result 
was statistically significant (p < 0.05). This study offers a 
far more extensive period of follow-up and a larger cohort than 
previous studies, and thus adds substantially to the scientific 
data base concerning human health effects. The occupational 
exposures in the study, particularly in the past, were orders of 
magnitude higher than ambient exposures.

The review of the Shindell and Ulrich study in the draft 
Addendum does not adequately assess the utility of these data to 
assist in a determination of carcinogenic risk of 
trichloroethylene exposure to humans. The draft Addendum simply 
repeats the words of the study authors as to cohort definition, 
potential for exposure, vital status ascertainment, and mortality 
experience with little interpretation of the significance of the 
results. The draft Addendum seems more concerned with the 
presentation of the data in the Shindell and Ulrich article 
(e.g., failure to report the distribution of the follow-up and 
the duration of exposure) than with the actual conduct of the 
study itself.
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In fact, the study follows rather standard cohort analysis 
procedures. An apparent shortcoming of the study is its 
inability to determine the exposures which the cohort would have 
received historically, although the article reports that 
monitoring of current employees suggests that exposures were 
within the OSHA Permissible Exposure Limit of 100 ppm. More 
detail on exposure would be desirable, but this does not preclude 
a reasonable assessment of the mortality experience of the cohort 
in order to determine if there is an increased risk of cancer in 
this population.

In short, the evaluation of the Shindell and Ulrich study in 
the draft Addendum is inadequate. The draft Addendum tends to 
focus on the presentation rather than on the strength of the 
study to detect an effect. There should be an evaluation of the 
power of the study, i.e., its ability to detect an increased risk 
of cause-specific mortality when one exists in the cohort, before 
the study is determined to be inadequate to assess human cancer 
risk. Power calculations for various detectable risks in the 
Shindell and Ulrich study are presented below for all cancers, 
nonrespiratory cancer, and respiratory cancer.

Power

Nonrespiratory Respiratory
Relative Risk All Cancers Cancer Cancer

1.5 80.2% 62.0% 44.6%
2.0 99.8% 97.6% 86.9%
3.0 100.0% 100.0% 99.9%

These calculations suggest that this study cohort was of a 
sufficient size and the age and follow-up were adequate to detect 
a 50% increased risk of death due to cancer in this working 
population if in fact one existed. As the Agency tends not to 
require interspecies site concurrence for cancer, the "all 
cancers numbers" is the most useful. It demonstrates that this 
study has very good sensitivity for an epidemiology study. The 
power of the study to detect increased risk of nonrespiratory 
cancer and respiratory cancer is also quite good, demonstrating 
that a two-fold risk could have been detected 90% of the 
time.

Given the power of the Shindell and Ulrich, the failure of 
the draft Addendum to use it to calculate an upper bound on risk 
is a major shortcoming in the document. It is not appropriate to 
continue to rely on the upper bound computed in the 1985 HAD from 
the Axelson study, which was far less comprehensive.
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A Cohort Study of Employees of a 
Manufacturing Plant Using 
Trichlorethylene
Sidney Shindell, M.D., LLB., and Slack Ulrich, B.ScCh.£.

A prospective study was conducted of 2,646 employees 
who worked three months or more during the period Jan­
uary, 1957, through July, 1983, in a manufacturing plant 
that used trichlorethylene as a degreasing agent through­
out the study period. Ninety-eight percent of the study 
cohort were traced: they accounted for 16J38 person-years 
of employment and38,052 person-years offollow-vp. Mor­
tality experience was found to be generally more favorable 
than that of the comparable segment of the US popula­
tion over the same period of time. For the white male 
cohort there were fewer deaths than expected from heart 
disease, cancer, and trauma (standard mortality rare for all 
causes *0.79, p<.07). Reports by current and former em­
ployees of health problems requiring medical treatment 
showed that there were only one third as many persons 
with heart disease or hypertension as were reported in a 
comparable reference population sturSed over the past rive 
years.

I n the summer of 1963 a study was initiated at a manu­
facturing plant in northern Illinois where trichiorethyiene 
CTCE) had been used as a degreasing agent almost exclu­
sively for the whole of the plant's existence. The purpose 
of the study was to determine whether employees at the 
facility had experienced any patterns of illness or death 
different from those observed among comparable seg­
ments of the populations of the United States at large andt 
or of the local geographic area.

During the course of a water survey conducted in the 
area by the Illinois Department of Energy and Natural Re­
sources,’ ground water in the area in which the plant was 
located was found to have an elevated nitrate content, and

From the Department of Preventive MeOicme. Medical College of 
Wisconsin, P.3. So* 2&509, Milwaukee. Wl S3226 (Or. Shmdetfl: and 
Ergotopology, Inc.. Milwaukee (Mr. Ulrichl.

The study was commissioned by the Warner Electric Brake a Clutch 
Company and was conducted in its plant in loitot. ID.

Journal of Qccupanonal MeOianesVol. 27. No. a/August 1985

tests for selected volatile organic compounds showed small 
amounts of a variety of chemicals in some of the wells of 
the area as well. The wells supplying water to the plant 
itself were also found to contain small amounts' of TCE. 
Since TCE is used extensively as a degreasing agent fol­
lowing both the machining and stamping operations at the 
plant and since ail employees drank water containing trace 
amounts of TCE. concern regarding the long-term health 
effects of exposure to this chemical was expressed.

While its use in the plant is under controlled conditions, 
i.e., in degreasing machines that are designed to control 
the vapors, small amounts of this highly volatile substance 
tend to escape into the atmosphere. During the recla­
mation process and while maintenance activities were being 
performed on these machines, additional possibilities ex­
isted for exposure of workers engaged in these activities. 
Quantification of the amount of the exposure for the en­
tire period of the plant operation was not possible. Mon­
itoring of the levels to which current employees have been 
exposed revealed conformance to Occupational Safety and 
Health Administration standards for the work environ­
ment. The wells contained amounts comparable with those 
found in the public water supplies in which the chemical 
has been detected (43 ppb).

Prior studies of workers exposed to TCE in the work 
environment have not reflected any long-term hazard. Ax- 
elson and co-workers1 in Sweden studied 518 men ex­
posed to TCE in the 1950s and 1960s and found both the 
overall mortality experience and the cancer mortality ex­
perience to be less than expected (risk ratio of 0.8) during 
a follow-up of 20 years. Tola and co-workers1 in Finland 
examined the mortality experience of 2,117 workers ex­
posed from 1963 to 1976 and found similar results. Two 
studies in Czechoslovakia similarly reported negative re­
sults in a retrospective study of persons with liver cancer 
and among dry cleaners using TCE*.

Because these studies either covered a limited number 
of workers or provided a limited period of follow-up, it 
was felt that a study dealing with a cohort of more than 
2,600 employees and covering an extensive period of em-
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ATTACHMENT B

o Prout, M. S., Provan, M., and Green, T., Species 
Differences in Response to Trichloroethylene, 
Toxicol. Appl. Pharmacol. 79:389-400 (1985).

o Green, T., and Prout, M. S., Species Differences 
in Response to Trichloroethylene, Toxicol. Appl. 
Pharmacol. 79:401-411 (1985).

o Herren-Freund, S. L., Pereira, M. A., Olsen, G. 
and DeAngelo, A. B., The Carcinogenicity of 
Trichloroethylene (TCE) and Its Metabolites, 
Trichloroacetic Acid (TCA), and Dichloroacetic 
Acid (DCA) in Mouse Liver, Proceedings of AACR, 
Vol. 27, (1986).

o Daniel, J., The Metabolism of Cl-Labelled
Trichloroethylene and Tetrachloroethylene in the 
Rat, Biochem. Pharmacol. 12:795-802 (1963).
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ATTACHMENT C

o Text of Comments

o Henschler, D., Elasser, H., Romen, W., and 
Elder, E., Carcinogenicity Study of 
Trichloroethylene, With and Without Expoxide 
Stabilizers, in Mice, J. Cancer Res. Cln. Oncol. 
107:149-156 (1984).

o Kimbrough, R. D., Mitchell, F. L., and
Houk, V. N., Trichloroethylene: An Update, J.
Toxicol. Environ. Health 15:369-383 (1985).

o Elcombe, C. R., Rose, M. S., and Pratt, I. S., 
Biochemical, Histological, and Ultrastructural 
Changes in Rat and Mouse Liver following the 
Administration of Trichloroethylene, Toxicol.
Appl. Pharmacol. 79:365-376 (1985).

o Michalopoulos, G. K., Eckl, P. M., Cruise, J. L., 
Novicki, D. L., and Jirtle, R. L., Mechanisms of 
Rodent Liver Carcinogenesis, Toxicol. Ind. Health 
Vol. 3, No. 1, (1987).

o Butterworth, B. E., Loury, D. J., Smith-0liver,
T., and Cattley, R. C., The Potential Role of 
Chemically Induced Hyperplasia in the Carcinogenic 
Activity of the Hypolipidemic Carcinogens,
Toxicol. Ind. Health Vol. 3, No. 1, (1987).
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OVERALL WEIGHT OF THE EVIDENCE

The overall weight of the evidence supports 

classification of trichloroethylene as a possible human 

carcinogen in Group C under the EPA Guidelines. The only 

unequivocally positive results in the bioassays are mouse liver 

tumors. Tnese should constitute limited evidence of animal 

carcinogenicity, in light of the available information showing 

that trichloroethylene is not genotoxic and that the liver 

tumors result from peroxisome proliferation. A number of 

bioassays show mixed results in the mouse lung. The only 

positive results reported in the rats are either benign, 

equivocal, or not likely to be related to trichloroethylene 

administration, in addition, the available human epidemiology 

data do not support classification of trichloroethylene as a 

probable human carcinogen.

The animal bioassay results are summarized below.

Data on epidemiology, mechanism, and genotoxicity are addressed 

in Attachments A, B, and D.

I. Mouse Studies

A. 1976 NCI Study

This gavage study showed an increased incidence of 

liver tumors in male and female B5C3F1 mice. Science Advisory 

Board members and others have offered a number of criticisms of
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the study, including the use of massive doses in large amounts 

of corn oil and improper housing of the test animals. 

Interpretation of the study is confounded by the presence of 

stabilizers, including epichlorohydrin, in the test material.

B* 1982 NTP Study

This gavage study also showed an increased incidence 

of liver tumors in BgC3F^ mice. While the test material was 

purified, the same gavage dosing technique was used as in the 

1976 study, resulting in atypical metabolic effects.

C. 1980 Henschler Study

NMRI mice were exposed to purified trichloroethylene 

by inhalation. No increase in cancer was reported in male 

mice. An increase in the incidence of lymphomas was observed 

in females, but the authors did not ascribe this effect to 

trichloroethylene exposure.

D. 1984 Henschler Study

This corn oil gavage study showed no significant 

increases in tumors in either sex of Swiss mice gavaged with 

purified trichloroethylene. The authors concluded that "there 

is no indication of a tumorigenic potential of pure, amine 

based-stablized TRI [trichloroethylene]" and "this study does 

not support the suggestion that trichloroethylene itself is 

carcinogenic under realistic exposure conditions."

E. 1983 Fukuda Study

ICR mice were treated by inhalation with 

trichloroethylene. No increased incidence of tumors was

2-
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observed in the males. Female mice had an increased incidence 

of lung tumors at tne two highest doses. If adenomas and 

carcinomas are combined, no increase in tumors was observed. 

Instead, there was a high incidence of benign adenomas in 

untreated controls, some of which appeared to convert to 

adenocarcinomas after exposure to trichloroethylene.

F. Maltoni Study

This inhalation study showed an increased incidence 

of lung tumors in male Swiss mice and female BgCgFi mice. Only 

benign adenomas were found, not carcinomas. Hepatomas also 

were observed in male Swiss mice and both sexes of B6C3F1 

mice. These results have not been peer-reviewed.

G. Van Duuren Study

This series of studies in female Swiss mice involved 

administration of trichloroethylene by topical, subcutaneous, 

and gavage routes, and included initiation-promotion studies.

No carcinogenic response was reported.

H. Herren-Freund Study

No statistically significant increase in tumors was 

found in male B6C3F1 mice exposed to trichloroethylene by 

drinking water in this study. Treatment by trichloroethylene 

metabolites increased the incidence of liver carcinomas.

II. Rat Studies

A. 1976 NCI Study

This gavage study showed no increased incidence of 

cancer in Osborne-Mendel rats.

-3-
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B. 1982 NTP Study

Tnis gavage stady in Fischer 344 rats was considered 

inadequate to evaluate the presence or absence of a 

carcinogenic response.

C. 1987 NTP Studies

These gavage studies in four strains of rats were 

considered inadequate to evaluate the presence or absence of a 

carcinogenic response.

D. 1980 Henschler Study

This inhalation study showed no increased incidence 

of cancer in Wistar rats.

E. 1983 Fukuda Study

This inhalation study showed no increased incidence 

of cancer in female Sprague-Dawley rats.

F. 1986 Maltoni Studies

These studies in Sprague-Dawley rats, both by gavage 

and inhalation, reportedly showed an increased trend or 

incidence of leukemias, adenocarcinomas and Leydig cell tumors 

in males. No increased incidence of cancer was observed in the 

females. These results have not been peer-reviewed.

Ill. Other Studies

A. 1980 Henschler Study

This inhalation study showed no increased incidence 

of cancer in Syrian hamsters.

-4-
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B- 1978 MCA Study

An audit of this inhalation study in Charles River 

rats and B6C3F1 mice concluded that it was inadequate to 

evaluate the presence or absence of a carcinogenic response.

IV. Other Data

As discussed in Attachment A, seven epidemiology 

studies of workers exposed to trichloroethylene show no 

elevated risk of cancer in the exposed populations. The most 

recent of these studies, involving a cohort of over 2,600 

employees, found a statistically significant deficit of 

cancer-related deaths in tne largest employee group.

As discussed in Attachment B, extensive research has 

demonstrated that trichloroethylene induces hepatic peroxisome 

proliferation in mice, but not in rats. Much more extensive 

metabolism of trichloroethylene occurs in mice than in rats, 

resulting in much higher blood levels of the metabolite 

trichloroacetic acid. Man metabolizes significantly less 

trichloroethylene than mice or rats, resulting in significantly 

lower levels of trichloroacetic acid in man than in rodents. 

Moreover, research has established that tricnloroacetic acid 

does not induce peroxisome proliferation in human hepatocytes 

in vitro.

As discussed in Attachment D, stablized 

trichloroethylene has the potential to cause marginal increases 

in genotoxic effects in higher order animals. Purified 

trichloroethylene appears to be nongenotoxic.

-5-
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V. Application of the Guidelines

Analysis of the animal bioassay data on 

trichloroethylene is difficult because of the existence of 

conflicting results. Two studies have shown an increased 

incidence of liver tumors in B5C3F1 mice. The Science Advisory 

Board has previously indicated, in the case of tetrachloro- 

ethylene, that such results even where replicated do not 

constitute sufficient evidence under the EPA Guidelines.

Three inhalation studies show conflicting results in 

four different strains of mice. An increase in lung tumors was 

reported in male Swiss mice and female B6C3F1, mice, and in 

female ICR mice. No increase in lung tumors was reported in 

either sex of NMRI mice, male B6C3F1, mice, female Swiss mice, 

or male ICR mice. The mechanism by which lung tumors have been 

produced is not understood, nor is the reason for the 

conflicting results in various strains. In these 

circumstances, pending a determination of the biological 

significance of the varying mouse lung results, the positive 

studies should be considered limited, not sufficient, evidence 

of carcinogenicity in animals.

The draft Addendum emphasizes the Fukuda study as 

supportive of a finding of sufficient evidence. The Addendum 

states that the concentration of epichlorohydrin as stabilizer 

was 0.019%. It does not mention that a number of other 

putative carcinogenic substances were present as well in the 

reagent grade of trichloroethylene that Fukuda used.

-6- SL 037867



Scientists from the Centers for Disease Control

offered the following critique of the Fukuda study in a recent 

article!/:

The incidence of total lung tumors -- that 
is, adenomas and adenocarcinomas — was not 
significantly increased if controls were 
compared to exposed mice. In addition, the 
incidence at the higher dose was about the 
same as that at the lower dose.

In addition, metastases of mammary tumors (in both 

controls and dosed groups) were observed to spread to the 

lung. Based on the report it is not possible to tell whether 

metastatic tumors were included in the tumor count. However, 

there was a 12% tumor incidence in the lungs of control mice.

At most, there might have been an enhancement of spontaneously 

occurring lung tumors in dosed animals.

Results in rat bioassays have been negative, with the 

exception of recent gavage and inhalation studies by Maltoni. 

Maltoni reported no increase in tumors in female rats. There 

was an increased incidence of Leydig cell tumors in male rats. 

Maltoni regarded the Leydig cell tumors as benign, as Leydig

tJ Kimbrough, R.D., Mitchell, F.L., Houk, V.N., 
Trichloroethylene: An Update, J. Tox. Env. Health 15: 369-383
(1985). This article also points out that the report of the 
Fukuda study does not indicate whether the slides were examined 
in a blind fashion.
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cells are microscopically benign in character. Historical data 

would be useful to determine if there is any evidence that 

these tumors progress to malignancy. Under the EPA Guidelines, 

benign tumors are considered limited evidence of 

carcinogenicity unless they have the potential to progress to 

an associated malignancy of the same histogenic organ.

There was a slight elevation in renal adenocarcinomas 

and of leukemias in one exposure group in the male rats in the 

Maltoni study. These findings are also equivocal, however, and 

it is by no means clear that they are either meaningful or 

related to trichloroethylene exposure.

In considering the Maltoni results and their 

relevance for assessing human risk, it must be emphasized that 

those studies have never received peer review as we know it in 

the United States. Maltoni publishes his work privately. The 

other studies in the draft Addendum have generally received 

scientific scrutiny prior to being reviewed by EPA.

Maltoni breeds his own animals and the particular 

sensitivity of these breeds and their historical tumor 

incidence rates need to be understood to place his most recent 

results in proper perspective. Moveover, Maltoni follows a 

different procedure from the current "state of the art" method 

for conducting carcinogenicity bioassays. After exposure for 

52 weeks, the animals typically are allowed to live until 

spontaneous death. This may make it difficult to interpret

-8-
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the relevance of late-occurring tumors that would not have been 

detected at terminal sacrifice taking place at weeks 105 

througn 107. This may result in counting metastatic tumors 

rather than tumors which arise de novo in an organ, and thus 

reporting greater potency than is appropriate.

A workshop was held in Washington, D.C. in December 

1985 to discuss Maltoni's recent work. Only a few slides were 

available for review. The workshop resulted in recommendations 

for

- a pathology review of a 10-20% sample of 
tumors for a quality assurance evaluation, 
and

- a detailed statistical analysis of all 
tumor responses, particularly with 
mortality correction (this was not done in 
either the private publication or in the 
draft Addendum).

A delegation was to have visited Maltoni's laboratory to 

conduct the pathology review. Since this has never taken 

place, the quality of the data is subject to question.

While the draft Addendum attempts to correct for 

mortality, more data are needed to adjust for mortality 

effects. Similarly, a comparison with historical control data 

is necessary to understand the nature of the Leydig cell tumors 

in these studies relative to Maltoni's rat colony.

In conclusion, the animal bioassay data are largely 

conflicting and equivocal. The mouse lung results are

-9-
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divided. Tne unequivocally positive mouse liver results have 

been shown to be caused by induction of peroxisomal 

proliferation by trichloroethylene metabolites, an effect that 

would not be seen in humans. The benign Leydig cell tumor 

increase does not meet the criteria for sufficient evidence. 

Other assertedly positive responses in male rats reported by 

Maltoni are too equivocal to be significant. Trichloroetnylene 

should be considered a possible, but not a probable, human 

carcinogen on the basis of this limited animal evidence.

-10-
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Carcinogenicity Study of Trichloroethylene,
With and Without Epoxide Stabilizers, in Mice
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Summary. Previous analytical studies of industrial 
samples of trichloroethylene (TRI) have revealed the 
presence of mutagenic and carcinogenic epoxides 
which, it was proposed, might be responsible for the 
carcinogenicity of such samples, as demonstrated with 
mice in other laboratories. To test this hypothesis, 
Swiss mice (ICR/HA) of both sexes, bred and kept in 
SPF conditions, were dosed daily with TRI in com oil 
bv eavaee (males: 2.4 g/kg, females: 1.8 g/kg) with or 
without the addition pf <»pichlt>rohuririn(EEC. 0.8%. 
w/w). 1.2-epoxybutane (BO. 0.8%), or EPC4-BO 
m t- U Ji %)lor 18 months. The ensuing observa­
tion period terminated at 106 weeks (from start of ex­
periment). Gross and microscopic examination of all 
organs revealed a statistically significant increase in 
the incidence of forestomach papillomas and car­
cinomas after EPC-, BO-. and (EPC+BOVstabilized 
samples of TRI, but not after pure, amine base-sttbi- 
lized TRI. This type of tumor is believed to be induced 
by the direct alkylating epoxides epichlorohydrin and 
epoxybutane, whose industrial use in stabilizing 
chlorinated aliphatic hydrocarbons should be discon- 

© tinued. No other significant increase in tumor inci- 
s dences was found. Again, this study does not support 
^ the suggestion that trichloroethylene itself is carcino­

genic under realistic exposure conditions.

Key words: Trichloroethylene - Epichlorohydrin - 
1.2-Epoxybutane-Carcinogenicity.

Introduction

The assumed carcinogenic potential of trichloroethy­
lene (TRI) (NIOSH 1976) is still the subject of debate. 
Findings on its mutagenicity in vitro are controversial

Offprint requests to: D. Henschler (address see above)

84

(Greim et al. 1975; Shahin and von Borstel 1977; 
Bartsch et al. 1979). A long-term inhalation study in 
rats, mice, and Syrian hamsters, with 0,100, and 500 
ppm of highly purified trichloroethylene stabilized 
with 0.0015% triethanolamine, gave no indication of 
a tumorigenic potential of TRI; a dose-related increase 
in lymphoma rate in female mice was regarded as a 
possibly nonspecific effect, or at least not as proof of 
a carcinogenic potential (Henschler et al. 1980 a).

A bioassay with industrial-grade TRI at maximum 
tolerated doses resulted in a dose-related increase in 
malignant liver tumors in both male and female 
BjCjFt mice, but not in rats (NIOSH, 1976). The in­
dustrial TRI sample was stabilized with epichlorohy­
drin (EPC) and 1,2-epoxybutane (BO), both of which 
are mutagenic and suspected carcinogenic substances 
which migtu cause, or contribute to, the carcinogenic 
effect (Henschler et al. 1977). To test this hypothesis 
and to elucidate the significance of the observed liver 
carcinomas in a strain of mice in one parent strain of 
which, CjH, this kind of tumor reputedly has a high 
sponaneous incidence (Deringer 1959; Heston et al. 
1960; Sabine et al. 1973), we performed a comparative 
long-term carcinogenicity study by gavage at similarly 
high doses of TRI alone and of TRI with added 
epichlorohydrin and/or 1.2-epoxybutane in a strain of 
mice with no or minimally few spontaneous liver tu­
mors (Eaton et al. 1980).

Materials and Methods
Experimental Animals

In all, 600 SPF-bred ICR/HA-Swiss mice (Ivanovas GmbH. Kiss- 
legg/AIlgau) aged 5 weeks were randomized into 12 groups of 50 ani­
mals each. Body weights varied over ranges of 19-28 g (males. 6 
groups) and 18-26 g (females. 6 groups). The mice were kept in 
transparent plastic cages (Makrolon) covered with stainless steel 
wire, in subgroups of 5 each (females) or singly (males). A diet of 
standardized pellets (Altromin no. 1324) and tap water, autoclaved 
and acidified to pH 3 with HQ. was available ad libitum 24 h/day.
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TRICHLOROETHYLENE: AN UPDATE

Renate D. Kimbrough, Frank L Mitchell, Vernon N. Houk
Center for Environmental Health, Centers for Disease Control. 
Public Health Service. U.S. Department of Health and 
Human Services, Atlanta, Georgia

The (Omory of tnchoiotoethyiene (TCt) hat boon summarized in a numbot of irvt**n. 
in thit particular update. only tho more recent uudiot that dot! with metabolism and 
CJ/cmofemory ha** boon axa mi nod. In reviewing tho more rtctnt publications on 
metabolism of TCt. wo doforminod that differences exist in its metabolism if low doses 
are compared with high dates in animals. There may alto be a difference in the 
metabolism of TCI between different species namely mice. rats, and humans. TC£ 
has not been shown to be a potent carcinogenin rats and it only teems to be a potent 
carcinogen in one specific strain of mice, namely the BSOfl mouse, epidemiology 
studies have been rather Smtted. The number of persons examined so far for chronic 
toxic effects it mil, compared with the enormous site of the work force that it 
exposed to TCt oner prolonged periods. On an empirical bans, the occupational 
experience with TC£ does not suggest that this compound is a potent carcinogen. The 
risk associated whh exposure to trace amount (ppb) concentrations of TCt in water 
appear to be tmnhnal or perhaps negligible.

Became there are differences in metabolism of JCt. it is important that theoretical 
risks attributed to TCI in the past be reexamined. It is highly possible that in humans, 
the metabolic pathway leading to the formation of the proximate carcinogen is not 
activated at low doses, where TCt H excreted by first-order kinetics.

INTRODUCTION
Trichoioroethylene (TCE) is a solvent used extensively for vapor 

degreasing of fabricated metal parts. To a minor degree, it is used as a 
solvent in the textile industry, as a solvent for adhesives, as a lubricant, 
and as a low-temperature heat transfer fluid. It is a component in several 
consumer products such as spot removers and cleaning fluids for rugs. A 
pharmaceutical grade of TCE is used as a general anesthetic in surgical, 
dental, and obstetrical procedures, and as an analgesic in the treatment 
of trigeminal neuralgia. It has also been used as a disinfectant and deter* 
gent for skin, minor wounds, and surgical instruments. It Has also beer, 
used on a variety of animals as a volatile anesthetic (IARC, 1179).

U*e oi trade names it let idtwiliaiidii only and doe* not commute endorsement by the Public 
Health Service or by the 11S. Department oi Health and Human Service*.

Requeiti tor reprint* thouid be sent to Renate O. Kimbrough, Center for Environmental Health. 
Center* lor Oiiease Control. Public Health Service. U. S. Department of Health and Human Service*. 
Atlanta. Ceorgia. 30333.
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Biochemical, Histological, and Uitrastructura) Changes in Rat and Mouse 
Liver following the Administration of Trichloroethylene: Possible 

Relevance to Species Differences in Hepatocarcinogenicity

Clifford R. Elcombe, Michael S. Rose,1 and Iona S, Pratt2

Central Toxicology Laboratory, Imperial Chemical Industries PLC. Alderley Park, 
Macclesfield. Cheshire SKIQ 4TJ. United Kingdom

Received January 21. 1984: accepted February 6, 1985

Biochemical, Histological, and Ultranructural Chances in Rat and Mouse Liver following 
the Administration of Tridtloroethylene: Possible Relevance to Species Differences in Hepato- 
careinogenicity. Elcomre, C. R., Rose, M. &, and Pratt, I. S. (1983). Toxicol. Appl. 
Pharmacol. 79, 365-376. Trichloroethylene (TRI), administered by gavage for 10 consecutive 
days, at doses of 500 to 1500 mg/kg body wt increased liver weight (175% of control), decreased 
hepatic DNA concentration (66% of control), and increased the synthesis of DNA (500% of 
control; as measured by ('•HRJT incorporation) in B6C3F, mice and Alderley Park mice. 
Similar treatment of Osbome-Mendel tats or Alderley Park rats resulted in smaller increases 
in liver weight (130% of control) and decreases in DNa concentration (83% of control). No 
effect of TR1 on DNA synthesis was seen in rats. The increased DNA synthesis in the mouse 
was not apparently due to regenerative hyperplasia since no signs of necrosis were seen. 
Furthermore the increased f’HJdT incorporation probably represented semiconservative repli­
cation of DNA and not repair, since a parallel increase of mitotic figures was observed. Hence, 
the liver growth noted after TRI administration appears to be due to liver cell enlargement 
(hypertrophy) in the rat. but both hypertrophy and hyperplasia (cell proliferation) in the mouse. 
An important observation has been that TRI induced the peroxisomal enzyme activities, 
catalase, and cyanide-insensitive palmitoyLCoA oxidatkm (147 and 786% of control, respectively), 
in mice but not in rats. Furthermore, increases in peroxisome volume density (up to 1110% of 
control) were observed in mice receiving TRL These observations lead us to suggest that the 
species difference in hepatocarcinogenicity of TRL seen between the rat and mouse, is possibly 
due to a species difference in peroxisome proliferation and cell proliferation, the peroxisome 
proliferation leading to increased reactive oxygen species and DNA damage, and the cell 
proliferation then acting to promote this lesion, e isss vww tom. u*.

Trichloroethylene (TRI) is a colorless, volatile 
liquid which has been used extensively as an 
industrial solvent Its primary use is a fat 
solvent for degreasing metal parts prior 
to painting, anodizing, and electroplating. 
Worldwide production of TRI was estimated 
to be 2260 million pounds in 1973 (Mc­
Connell a al„ 1975).

1 Present address: Corporate Bioscience Group. ICI 
PLC, The Heath. Runcorn, Cheshire. U.K.

1 Present address: Department of Pharmacology, Uni­
versity College, Foster Avenue. Blackrock, Dublin, Ire­
land.

Studies by the National Cancer Institute 
(1976) demonstrated an increased incidence 
of hepatocellular carcinoma in B6C3F) hybrid 
mice after oral administration of TRI at high 
doses for 78 weeks. In a parallel study no 
increased incidence of hepatocellular carci­
noma was observed in Osbome-Mendel rats. 
The significance of these studies was ques­
tioned because the TRI utilized contained 
mutagenic epoxide stabilizers. However, more 
recent studies by the National Toxicology 
Program (1983) with non-epoxide stabilized 
material over a period of 103 weeks have

; 004I-008X/85 $3.00
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toxicology and applied pharmacology T9, 389-400 (1985)

methyl mercury poisoning. J. 
m^r. 186. 579-592.
^^Riological reactions and patholog- 
. mman beings and animals caused hv 

' contamination. In Environmental 
tinatton (R. Hartung and B. D. Din- 
17-289. Ann Afbor Science Publishers.

\ xv-
Species Differences in Response to Trichloroethylene --------- -

I. Pharmacokinetics in Rats and Mice

:d Ison, J. R. (1984). Acute exposure 

yl alcohol alters auditory functions in 
Appl. Pharmacol. 74, 258-266.
ID Fechter. L D. (1983). Reflex 
lures for animal audiometry: A tech- 
ng ototoxicity. J. Acousi. Soc Amer,

M. S. Prout, w. m. Provan, and T. Green1

Biochemical Toxicology Section. Central Toxicology Laboratory. Imperial Chemical Industries PLC. 
Alderley Park. Macclesfield. Cheshire SK10 4TJ. United Kingdom
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Species Differences in Response to Trichloroethylene. 1. Pharmacokinetics in Rats and Mice. 
Prout. M. S„ Provan, W. M- and Green. T. (1985). Toxicol. Appl. Pharmacol. 79. 389- 
400. The elimination of radioactivity in two strains of rats and mice following a single po dose 
of trichloro(,4C]ethylene at dose levels from 10 to 2000 mg/kg has shown a marked dose 
dependence in rats but not in mice. The metabolism of trichloroethylene in the mouse was 
linear over the range of doses used, whereas in the tat it became constant and independent of 
dose at 1000 mg/kg and above. At the 10-mg/kg dosage, both species metabolized trichloroethylene 
almost completely, 60% of the dose being excreted in urine with only 1 to 4% being eliminated 
unchanged in expired air in the fim 24 hr. At 2000 mg/kg, 78% of the dose was eliminated 
unchanged in the tat. but only 14% in the mouse. Consequently at high dosages, the mouse 
was exposed to significantly higher concentrations of trichloroethylene metabolites than the rat 
Blood level kinetics of trichloroethylene and its metabolites confirmed a faster rate of 
metabolism in the mouse than in the raL Peak concentrations of the metabolites were reached 
within 2 hr of dosing in the mouse compared to 10 to 12 hr in the raL The concentrations of 
both trichloroethanol (4X) and trichloroacetic acid (7x) were significantly higher in the mouse 
than in the rat Whereas tnchlorocthanol was rapidly eliminated from blood, the higher 
concentrations of trichloroacetic add were maintained for over 30 hr. The high blood quantities 
of trichloroethylene-derived trichloroacetic acid are known to induce hepatic peroxisome 
proliferation in mice but are insufficient to induce this response in tats. These data suggest that 
trichloroacetic add blood amounts, peroxisome proliferation, and the link between peroxisomes 
and liver cancer are the basis of spedes difference in response to trichloroethylene, c isss
Hiihwit Pram. Inc.

1,1,2-Trichloroethylene is a volatile, non­
flammable liquid used extensively in vapor 
degreasing of fabricated metal parts. In recent 
yean two carcinogenicity bioassays (NCI, 
1976; NTP, 1983) have indicated that the 
daily administration of high oral doses of 
trichloroethylene leads to an increased inci­
dence of hepatocellular carcinoma in B6C3F1 
mice. In the same studies trichloroethylene 
did not cause hepatocellular carcinoma in 
Osbome-Mendel (NCI, 1976) or Fischer 344 
(NTP, 1983) rats.

1 To whom all correspondence should be addressed.

Several mechanisms have been suggested 
to explain trichloroethylene-induced hepato- 
carcinogenicity. These have included the in­
teraction of reactive trichloroethylene metab­
olites with cellular macromolecules and in 
particular DNA (Greim et al., 1975; Simmon 
et al., 1977) which may result in carcinoge­
nicity by somatic mutation. It has also been 
suggested that cytotoxicity and the resulting 
cell division caused by chemicals of this type 
enhance the high background incidence of 
hepatocellular carcinoma found in B6C3F1 
mice (Schumann et al., 1980; Elashoff et al..1 
1979). These two mechanisms are those most

004I-008X/85 $3.00
Copynfftt C 1913 ^ Academic Pratt. Inc 
All nfhtfl of raprodycuon m iny fcnti wrail

SL 037875



toxicology and applied PHARMACOLOGY 7*. 401-411 (1985)

And tit vitro. Arch. 

^^vWSKl. S.. Bonse. G.,

>77). Spectral evidence for 
rotation during microsomal 
m. Arch. Toxicol. 37, 95-

Species Differences in Response to Trichloroethylene

It. Biotransformation in Rats and Mice

radiographic localisation in 
metabolites. Biochem. Phot

anerjee, S. (1976). Covalent 
of the carcinogen tnchloro- 

licrosomes. Cancer Res. 36,

<45. B. T. (1980). Chlorinated 
«d in the food industry: The 
netics of methylene chloride. 
oform and trichloroethylene 
l the rat J. Environ. Pathol.

T. Green* and M. S. Prout

Biochemical Toxicology Section, Central Toxicology Laboratory. Imperial Chemical Industries PLC. 
Alderley Park, Macclesfield. Cheshire SK10 4TJ. Untied Kingdom
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Species Differences in Response to Trichloroethylene. II. Biotransformation in Rats and 
Mice. Green. T., and Prout, M. S. (1985). Toxicol. Appl. Pharmacol. 79, 401-411. Detailed 
analysis of urine from two strains of rati and mice dosed po with trichloroethylene at four 
doses from 10 to 2000 mg/kg failed to detect any major species or strain differences in the 
metabolism of trichloroethylene. Although a greater proportion of the dose was metabolized in 
mice than in rats, the relative proportions of the major metabolites were very similar in both 
strains and were unaffected by the dose amount. Analysis of the same urine samples for minor 
metabolites failed to establish a major species difference. Small amounts of dichloroacetic acid 
(< 1% of the dose) were present in both rat and mouse urine and were not considered significant. 
Monochloroacetic acid accounted for <0.1% of the dose. Daily dosing of trichloroethylene 
(1000 mg/ltg po) for 180 days did not induce the overall metabolism of trichloroethylene but 
did double the urinary excretion of trichloroacetic add. This finding was accompanied by an 
equivalent percentage decrease in the concentration of trichloroethanol. CO* has been shown 
to be a major metabolite of trichloroacetic acid, suggesting that this is the source of 
trichloroethylene-derived COj. Trichloroacetic add was also excreted in bile in both rats and 
mice suggesting possible conjugation of this metabolite in the liver. Very little evidence was 
found for the formation of chemically reactive species from trichloroethylene in either rats or 
mice and none that could be the bans of a major species difference. The increased rate of 
metabolism in the mouse, the resulting high blood concentrations of trichloroacetic acid, and 
stimulation of hepatic peroxisome proliferation in this species appears to be the major species 
difference possibly related to tumor formation in the liver. The conjugation of trichloroacetic 
acid and its metabolism to CO] may be related to peroxisome proliferation, c iss» acbuiik

Inc.

It was first suggested by Powell (1945) and 
again later by Byington and Leibman (1965) 
that trichloroethylene is metabolized via an 
epoxide to chloral and chloral hydrate. During 
the 1970s many studies suggested that mono- 
chloroethylene (vinyl chloride) is an animal 
and human carcinogen as a result of metab­
olism to a reactive electrophilic epoxide in­
termediate (IARC, 1979a). This work implied 
that the other chloroethylenes, including tri- 1

1 To whom all correspondence should be addressed.

chloroethylene. could present a similar risk. 
Subsequent bioassays of vinylidene chloride 
(IARC 1979b), trichloroethylene (NCI. 1976; 
NTP, 1983), and perchloroethylene (NCI, 
1977) have demonstrated each of them to be 
carcinogens in laboratory animals and it is 
generally assumed that epoxides play a role 
in their carcinogenicity (Henschler et al.. 
1976). There is no evidence, however, to 
suggest that these other chloroethylenes are 
human carcinogens; their potency in labora­
tory animals is considerably less than that of
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Tha Carainogealclty at Trichleruatbylaa* (TCE) and tea Na- 
taballtaa, Trtcbalaraamclc add (TCA) and Dlchlaraaeatlc 
Mtd (OCa), la Mama Umr, Is.l. Harraa-Praaad, lN.A. 
facaita, *<J. dims, and lA.». badatala. l0.S. IPA, Cincin­
nati, OS 43248 aad ifatbalagy iaaoclataa. las., Cincinnati, 
OH 43229 (lactadacad by T.f. laddy)

ICC, ahleh la adad aa am indadttlal aolvaae, haa baaa 
lUw ta ba tariflaagaalr la aaaaa Umr. Tha mcabollm of 
T3 ruaulta, la part, la da famaclaa. of eblarlaaead aea- 
ele acidai TCI aad PCI. Haw eblarlaaead aeaclc aelda bava 
baaa ahaaa to ba aaa-cmaaaslc aad U laduea parozlaao* 
7rollfacatloa, TMrufatn, « data rat ml cha ability at TGE, 
TCA aad DCA ta act *a trnmc pcmacor* In aauna llvar. Mala. 
16C3P1 mica mra idalalbtarad i.p. 1.3 ug/f •chyloltroao- 
ana (DfU) so. day 13 at ago* 4c ZS daya of sga. tha alna 
aara plaead aa drlafclac mcar oaatalnlag TCK (3 aad 30 
ac/1), TC4 (2 aad 5 t/1). or DCA (2 asd 3 g/1). All drlok- 
lac vacar bad a flaal pd at 1.0. Tha anlaala mra klllad 
aitar approxlautsly *1 aaaka at expaaara (S3 aaaka at *»•). 
loth OCA aad TCA at a daaa at 3 */l mra earcloasanle vitb- 
Nt print initiation aith B0 aad raaaltad la (42 and 302, 
raapaetlvsly, at tha aniaal« nltb caaora. Ixpaaur* to TCI 
at SO og/1 vlthmc print B0 Ultlarina raaaltad la 192 of 
tha anlaala with tain. Tratrttf at vleh EMC did not. 
lacraaaa tha tuaar 1 or limn la tha ICC, TCA ar OCA traatad 
alad. ere craacaaac by Itaalf ylaldad tuaar* Id 112 of tha 
anlaala. only 32 at tha mctnacad anlaala had tuaar*. all 
them at thaaa common* tadacad patarlaam prollfsratlaa 
la naaaa llvar vlch—TCi balaf tha acmogaac ladaead fol— 
lamd by OCA aad thaa IB. Than tha carelsogania patamy 
of thaaa damn i*i* ippiari* aat ta paraJLlal.tbalr ralaclm 
ablllcy ta ladaca parmlaaaaa. Tbla abaermet daaa aac 
aaaaaawrlly redact Bh pal lay..
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<J—M1ASI II TTIAL or S-«mt.POeiA»flDI (»m a

■cad an na cahccx. u.c. vos*i, a.a. Bn 
putl. t-S. Natal*. C. Sebaur, Tha Ualvanlt 
aad Aaa Arbor VA Madleal Caatart. Aaa Arbor.

SMC la a polar annpouad which dooonstrst* 
astlvlcy and call dlffaraaelaelan la pra-ell 
la PMs* I acadlaa dosa-LMltlag toxicity aa 
obaarvad prlasrlly with makly da*** ucaadl 
Sanaa* aad vmltla«. aad eardlan eoxleley ala 
blfhar daaaa. la tbla trial. Cha Initial da 
1000 BO/tt* IT bolna, daya l-S (3 pta) aad, S 
pea). la eba abaaaca at tonicity dam w •* 
ag/M*/cyela (aaa. 1000 *g/B^). Doaa vna rad 
tamra (gr 3) aaa*** u* molting. Th* mdla 
(raac* *WI) aad parfonaaca atsena 10 (raa 
pt bad. aa prior tbarapy, s-radlstbarapy (IT) 
apy (CT), 5—*nrf*ry aad *T. 6-aurgary * IT * 
bad adaguaca boa* narrow raaarva, lira era* 
aaraal SCOT. SCOT, aarm blllrubla. alkallaa 
(If)• ft* vltb heart d!****« v*r« aat *ll(lb 
o*bl« pea (2 too tarly) 13 bad prasraaalaa a 
traatad with 100 ag/H* ai withdrawn Iran act 
aavar* bopataeoxldlty. Hauaaa aad maltlat > 
pea aad waa aamr* la 4. Sapatotaalcley dal. 
llvar faction taat (ITT) alavatad 3 2 basal 
9/20 cycle*: alavatad SCOT la 9/20 tyelaa. Si 
AP-3/20 eyslaa. Oaa paclaac waa raaawad from 
alawatlaa >100 1 boa*Una. Tww pta bad pan: 
abaaraalltlaa wbldb dalayad raeraacaaat. On* 
taat olid UT abaaraalltlaa 4 aoatha altar a 
paalt ascarrad la 2 pta (U>C 3.M0 and 3.200 
rtirnwb«cyt«p*nH la 2 (pLatalat* 42.000 md ! 
or). Ha eardl*tonalry oaa obaarvad. Tha** 
eat* that SMT aa aaad la. tbla trial la aac a 
la tba tmatamt at mam aall baad aad m 
patloaea.

ad tbalr MaMbollts* ta .,
C. Than*. T.H. Caaaar, 
almratey at Taaaa Schaal, 
a Hospital aad Ttamr

atlonc* traatad with a 
oaplascic drug (eiaplscln,, 
pbaalda) mr« ttttsd lor ' 
atlva (TA9S. 7A100) and 
Jill) (train* at 
cat* tb* urlnaa catcad ^ 
■testing a potanelal 
■tonnal ar faatly aaabara 
‘lnaa racainad at l*a*e ^ 
■oughoue 2 aaaka at »tar*g*-J 
macing th* urlna* by high 
"or eltplacin, dasorubicln^ 
itatalng cha parant

Char* mra ewa mtcagantc. 
ilapbosphaoid* crested 
aetlvatian and an* which 
i cha nucaganic urina* 
m pracadura ** that which 
; (ctipLacm—:omU*at!.on 
1), nueawyeln-axidsclan
. eyeLgpnoianantd*- 
imangsiut* fallowed by 
lac*). Howavar. do*oruotei" 
rich MaOCl wntl* th* urm* 
Irug racutrtd Jurt-nwr triat* 
cenpltt* maeitvattan.

1 with *nttn*oala*tic Iruf* 
iUki.vi m*ei*.v*ctan 
<^^^n*i rtn-.'in s
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BLL CKtX-OmaPBT TTTTuma gy mimattOOCMmi rr 
(*)izxzo(a)mxn smc^inaisH i om). u tabija. ut . -
taifaana. 0C tmfaaa. Bapamoar at Pathology end 
Uanbargar-Caaeor laaaanb Caatar. Oalmralcy of North. 
Carolina. Chapal 1111. K 27314

Th* saaalclvlry at praUfaraclag.ealla to carelnagana- 
*1* any ba-lallumcad by tba pbam of tba call cyela ac 
’Aleb irprrlnngm -laBrad dmags la lacurmd, tba ablllcy 
at call* to rapalr DH4 dmaga* aad. rapUcacloa at dnaagad 
W4. Ta Ismacigata tba Inaar ralarlnathlpa at thaaa 
factor* during tba Initiation of hapataearelnagonaaia. 
hapacacyva prallfaradaa am- ladatil in F34A rata by a 
twu-chlrd* partial baaacaccaap (II) aad rata raealvad on* 
data of list (0.02 — lafhg) via tba portal vain whan 
hapacoeytns war* in early Oj, (4b) gr early 3 (13b). Car- 
«lnos*n#*l* was prmatad virh dlstacy pbanabarbltal and 
baoplaana vara amasraend 43 aaaka paat-craatsant. Hapalr 
df SNA danag* aad tha efface at llDt on DMA ayncbaal* mrn 
4lsa evaluated by ndlialag aa ILUA far SIOE-DNA adduces 
*nd by aaaauriag th* mmlflc octlvlcy at ^N-ehyuldlaa 
laearporatloa lata DM4. lata traatad whoa hapaeacyta*
>br* la aarly 5 had a *lralflcaatly blgbar lacldanna at 
■'•patocytic naoploms (SB) Thai did rata traatad In aarly 

(422). Tha poak af DM4 *yuch**l* altar PH waa dalayad 
>T 22 hr* 1a Llvar* traatad vbon hapataeytaa mra la 
*arly . In tha aaaa Hear*, adducta mra raduead by 302 
4t tha tlna af chi* paak at DM4 *yuch**t*. Thaaa pr*Llnl- 
Ury raaults *uu**t that hapataeyt* ■uacapclhlllty to 
Ihltlacten af eareloogma*!* by 3PDC 1* call eycla- 
•«a«nd*ne. with hapaeacyta* la aarly S balng aora »«n»l- 
:-'0 than hapaeacyraa la aarly C^. For pn**« hapato- 
-Vt*a cn« daisy In DM4 ayatbaala fallowing 3PDE traataone 
Jaa law* raduead tha nafc by providing additional tlna 
--r :n* rtpair af dnaagad SMI. Suoporcad ay NIH jrancs 
-3:238 and £30717.
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l.H. » TB —***■' T‘~ D8P1 LOOB. *JI. 
HMlcorun.lt, 0. Srlauh, L. Choaln, and 

Orunbargar, Cnlmnta OalvanAty, InatiMM at 
laaanfub and Dapartama at UoitfMal Snlowia 
NT 10032.

Ha oa oandslng tba apaotrwaf wtatla 
by tbs asrulADcm. b-oo*coxyuj-aaacyLmlsafin 
at tba dlbpdrofolnM raanntaaa loans of Qiln* 
***ry alii. Ha Mm Portland 29 
starting wltb a 
tba laoua is da cm tad by Houtbarn blot malya 
Mnt and paruntal DMA* dgoatsd with SatCQ * 
4 ntnod pruM at 10 gmonld and eOM frammt 
■itanM ahom* a handing pattarn ldontleai ta 
strain and ora lllcaly to oarry paint nMaclta 
point outstloaa wara loonlisod by raatrletloa 
lyanrpnlrat In oaa, a Tool alto In aaaa l and 
a gaol olta la damn 3 mm last. la a third, 

eroatlag a mu BatEH alM ih a 
Purthanor*. six dalatlan meaaM or 

Is two other dslatlaa autanta, homvar, tb* r 
mats of th* gaos am ao loogar oallaaar lugg 
tranalaaatlan, lnvorslaa. or eupllcation. V* 
by me CM rutin af doaooeylaead (MS) M ic 
(12S) dC addudt* fmmad in um paruntal mil* 
oant with MAP. Th* ratio of point nutatima 
gi nna atmatural abangas (283) la alailar ta 
0C-4P and £>U7 adducts foi-md indicating a 
dorm lotion Mtwann tba typa of eonfomatlana 
duoad by ta* adduets and eh* mtatlanal apact 
mrv waa auppartad by NH grants CA 399*7 and

PROCEEDINGS OP AACR VOL. 27 MARCH 1986
Oi

SL 037877



ATTACHMENT D

o Text of Comments

o Bergman, K., Interactions of Trichloroethylene
with DNA in vitro and with RNA and DNA of Various 
Mouse Tissues in vivo, Arch. Toxicol. 54: 181-193 
(1983).

o Stott, W. T., Quast, J. F., and Watanabe, P. G., 
The Pharmacokinetics and Macromolecular 
Interactions of Trichloroethylene in Mice and 
Rats, Toxicol. Appl. Pharmacol. 62:137-151 (1982).
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GENOTOXICITY

EPA's conclusion concerning the genotoxicity of 
trichloroethylene in the 1985 Health Assessment Document (HAD) 
was apparently carried forward into the draft Addendum. The 1985 
HAD states (p.1-3):

A conclusion about the mutagenic potential of 
pure TCI [trichloroethylene] cannot be made.
If TCI is mutagenic, the available data suggest 
that it would be a very weak indirect mutagen.

This conclusion was based on (1) overinterpretation of a few 
marginally positive results at very high doses, (2) 
misinterpretation of the DNA binding study of Stott and 
coworkers, in which a detection limit was taken as suggesting 
that "TCI [trichloroethylene] or its metabolites are capable of 
binding to DNA but only to a limited extent," and (3) speculation 
about the role of trichloroethylene oxide, a labile, postulated 
intermediate in the metabolism of trichloroethylene. In fact, 
trichloroethylene has been tested extensively in many different 
biological systems, including man. In the 1985 HAD, 19 studies 
were considered negative, 10 were thought positive and the 
results of the remaining 17 were not interpretable. The only 
large increases came in a mouse assay for which there is an 
alternative interpretation based on peroxisomal induction. 
(Peroxisomal induction leads to increased levels of intracellular 
hydrogen peroxide, and hydrogen peroxide is mutagenic.) The 
draft Addendum summarizes new data since the 1985 HAD, but does 
not evaluate these studies or integrate this information with the 
previous evaluation. Six out of seven of the new assays are 
negative.

Trichloroethylene is generally not considered to be 
genotoxic. While the existing data are difficult to interpret 
because much testing of trichloroethylene has been done on 
commercial grades containing stabilizers and impurities, there is 
a consensus that trichloroethylene is either not mutagenic, or is 
at roost a very weak, indirect mutagen when stabilized. According 
to Elcombe:

TRI (trichloroethylene) has been extensively 
examined for mutagenic potential, but many 
studies were bedeviled by the presence of 
mutagenic epoxide stabilizers. However, in 
general, TRI has been found to be only 
"marginally" mutagenic or non-mutagenic.
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Similarly, the 1985 HAD concludes (p. 7-36):

The available data provide suggestive 
evidence that commercial-grade TCI 
(trichloroethylene)is a weakly active, 
indirect mutagen. Based on this, 
commercial TCI may have the potential to 
cause weak or borderline increases above the 
spontaneous level of mutagenic effects in 
exposed human tissue. The data on pure TCI 
do not allow a conclusion to be drawn about 
its mutagenic potential. However, mutagenic 
potential cannot be ruled out. If it is 
mutagenic the available data suggest TCI 
would be a very weak,indirect mutagen.

This distinction between stabilized and pure 
trichloroethylene is of considerable importance and should be 
emphasized in the Addendum.

REFERENCE

Elcombe, C.R. "Species Differences in Carcinogenicity and 
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Interactions of Trichloroethylene
with DNA in vitro and with RNA and DNA
of Various Mouse Tissues in vivo

Kerstin Bergman

Department of Toxicology, Uppsala University, Box 373. $-751 23 Uppsala. Sweden

Abstract. The covalent binding of UC-1,1 ^-trichloroethylene (WC-TRI) 
metabolites to calf thymus DNA in vitro and to RNA and DNA of mouse 
brain, lung, liver, kidney, spleen, pancreas, and testis after repeated i.p. 
injections has been studied. Hydrolysates of DNA reacted with WC-TRI in 
vitro and hydrolysates of RNA and DNA from selected organs were 
separated on Aminex A6 for quantitation of alkylation products. The 
presence of 3.N4-etheno(deoxy)cytidine. l.N6-etheno(deoxy jade nosine and 
1 ,Nt’-ethenoadenine was investigated. 4

No radioactivity could be registered in DNA incubated with l4C-TRI in 
the absence of liver microsomes. Covalent binding of ,4C-TRI to DNA took 
place in the presence of liver microsomes from control mice. The binding was 
enhanced by 50% if liver microsomes from phenobarbital pretreated mice 
were used. The radioactivity in DNA reacted with I4C*TRI and microsomes 
from control mice was eluted in early fractions and together with thymidine. 
The same two peaks appeared on chromatography of DNA incubated with 
14C-TRI and liver microsomes from phenobarbital pretreated mice. In 
addition, radioactivity was eluted together with 1 .N*-ethenoadenine.

Radioactivity was registered in RNA and DNA from all of the studied 
organs after i.p. injections of l4C-TRI. The radioactivity in RNA increased 
in the order brain < testis < pancreas < kidney < liver < lung < spleen. The 
radioactivity in DNA increased in the order brain < kidney < testis < lung < 
pancreas < liver < spleen.

Aminex A6 chromatography revealed that the entire radioactivity in 
RNA from liver and kidney and in DNA from kidney, testis, lung, pancreas, 
and spleen was due to metabolic incorporation, particularly into guanine and 
adenine. This finding indicates that the C-C bond in TRI is split, with the 
formation of C[-fragments, during biotransformation in vivo. In liver DNA,

Send offprint requests to: K. Bergman's present address: Toxicology Laboratory. National Food 
Administration. Box 622. S-751 26 Uppsala, Sweden
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ATTACHMENT E

o Fox, T. R., and Watanabe, P. G., Detection of a 
Cellular Oncogene in Spontaneous Liver Tumors in 
B6C3F1 Mice, Science 228:596-97 (1985).

o Fox, T. R., Schumann, A. M., and Watanabe, P. G-, 
Activation of a Cellular Proto-Oncogene in 
Spontaneous Liver Tumor Tissue of the B6C3F1 
Mouse, Arch. Toxicol. 10:217-227 (1987).
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