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I. Introduction and Executive Summary

The seemingly conflicting studies on the carcinogenic and other hazards
of trichlorethylene (T7.C.E.) were resolved recently at the Halocarbon Symposium
held June 19-20, 1980 in Washington, D.C., a program of which is appended
(Appendix A). This clarification was based on new in vivo work published by
Van Duuren (1), and Henschler (2), as well as by the published proceedings of
?thers;ecent academic symposia dealing with-human and animal carcinogenesis
3,4,5).

The clarification begins with the other symposia. The major points from
these are:

o the development of cancer in man is a multi-step process involving 1)
gradual transformations in molecular cell structure and function, 2)
immune competence, and 3) usually, repetitive, on-going factors that
result in overcoming DNA repair systems and other defense mechanisms;
these account for the 20-30 year period for neoplastic development in
man

e the transformation of normal to malignant cells involves irreparable
damage to the nuclear and perhaps mitochondrial DNA (6); injuries to
genes and genetic expression are subsequently "promoted" by a variety
of factors such as disordered nutrition (excess calories, fat-over-
loading as in the contemporary USA diet, obesity, deficiency of fiber
and of trace nutrients such as antioxidants) (5) and toxic overloading
with chemicals. "Promotion" generally means that cell division is in-
creased, so that the irreparable DNA damage is replicated many times
over and has an improved. statistical chance of survivina and being
ultimately expressed; the molecular-cellular events in promotion involve
cell membrane pathology that is free radical in nature and results in
increased levels of chemical substances (cGMP) that trigger division (7)

e the term “"promotion" derives originally from the two-stage mouse skin
carcinogenesis model wherein a subcarcinogenic dose of a potent initiator
carcinogen is applied and this is followed by the frequent administration
of a non-carcinogenic promoter such as phorbol ester (8); the concept
of “promotion" for human carcinogenesis has been elaborated fully in
recent publications (5)

¢ inducing the premature emergence of malignancies with chemical or physical
means exclusively in certain strains and sexes of mice that have high
spontaneous rates for the development of specific cancers is not properly
termed carcinogenesis, but rather a form of "promotion"

¢ at the Cold Spring Harbor Symposium in the fall of 1979 (3), both Cesare
Maltoni and Benjamin Van Duuren reported on the non-carcinogenicity of
TCE in a variety of animal models, using multiple dosage regimens; the
amounts administered were as high as could be tolerated without making
the animals sick and were in the dose range of other carcinogenic halo-
carbons; these and other studies (5) have emphasized that very high
doses that cause an animal to become i11 (ruffled fur, hunched over
appearance, skin ulcers, weight loss, tail infections) will also result
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in altered liver metabolism such that carcinogenic metabolites are
produced; Wattenberg and others (7,9) have shown that the endo-
plasmic reticulum hydroxylation system can metabolize chemicals in
different ways, most often into non-toxic excretable substances; an
i11-state in the animal which precludes sufficient nutrient (e.q.
antioxidants) intake to produce non-toxic metabolites, and high drug
doses are an artefact in carcinogenesis studies since metabolism is
altered to foster the formation of toxic substances, which may

include either chemicals endogenous to the animal (e.q., dysmetabolism
of sterols) or the administered high dose agent.

In addition to the findings and discussion by Maltoni and Van Duuren at the
Cold Spring Harbor meeting, the recent publications of Henschler (2) and Van
Duuren (1), dealing with in vivo animal tests, offer unambiquous data on TCE.
Their experiments are described as follows:

o Henschler (2) used pure TCE at high doses by inhalation (0, 100 and 500
ppm) over the greater part of the animal's life span (18 months) and
employed both sexes of three animal species (mice, rats and hamsters);
he found that TCE was non-carcinogenic despite these very high levels
and a prolonged dose schedule of 6 hour/day, 5 days/week for 3/4 of
the animal's life; the female mice of the particular strain (NMRI)
employed have a high spontaneous rate of developing viral-related
lymphomas and in the rigors of this course of TCE treatment showed
an increased number of such neoplasms; Henschler concludes that the
1ymphomas which are peculiar to this type of sex of mouse are not
indicative of any carcinogenic potential in TCE since there was no
increase in tumor development in the other species, nor in the male
NMRI mice, compared to controls.

e Van Duuren administered TCE to male and female Ha: 1CR Swiss mice by
intragastric tube (0.5 mg once every week for 622 days), subcutaneously
(same regimen) and on the skin (using the sensitive two-stage mouse
skin model of initiation and promotion, with TCE applied as the
possible initiator); he found no increase in the number of tumors,
compared to controls and concluded that TCE is not a carcinogen for
mice, desp *e high doses and sensitive assays; a few other halucarbons,
that are sumewhat analogous to TCE did prove to be carcinogens in tne
dose-range used for TCE.

The recent animal work on TCE is conclusive. There is no evidence of
carcinogenicity and the reasons for this include complex chemistry. Henschler has
suggested that the TCE-epoxide (the form in which halocarbons damage DNA) which is
formed undergoes immediate intra-molecular rearrangement to the non-reactive, non-
carcinogenic chloral. This occurs while the TCE-epoxide is still within the endo-
plasmic reticulum (ER) mixed function oxidase; therefore, no TCE-epoxide is
actually produced under these circumstances.
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Since the ER is involved in metabolizing TCE, the many factors that can
impact on the ER become important. If the animals are made i11 by very high
doses, such as those used in the original National Cancer Institute's (NCI)
work that suggested TCE might have some carcinogenic potential, then an
artefact will be produced, as discussed previously. Some TCE epoxide might
develop and it is significant that the original NCI studies described the mice
as having ruffled fur, a hunched over appearance, skin ulcers, weight loss and
tail infections.

Other artefacts and uncontrolled factors in the early NCI TCE experiment
included the presence of significant contamination by epichlorhydrin, a potent
carcinogen and the use of a mouse strain that has a high spontaneous rate of
developing liver neoplasms. The use of pure TCE, without epichlorhydrin, by
other investigators has revealed no carcinogenic potential for TCE. Additionally,
the acceleration, or "promotion" of spontaneously occuring liver neoplasms in
the NCI TCE studies is not appropriately termed carcinogenesis under any
circumstances.

The use of several in vitro assays has been helpful as a screening devise
to help reduce the number of chemicals that eventually require testing by the
very expensive in vivo animal systems. By themselves, however, in vitro assays
have no significance for humans. Among the most reliable of these screening
assays is the salmonella mutagenesis system devised by Bruce Ames. This has
been in use for several years and has been verified by a multiplicity of
investigators. By contrast, the more recently developed eukaryotic systems
that use mammalian cells generally lack the solid record of the Ames test.
Rosenkranz and others (10) have found that TCE is negative in the Ames test.
The finding of mutagenicity with TCE in some selected eukaryotic systems has
Tittle meaning for regulatory purposes, especially in the light of the negative,
definitive in vivo studies reported by Henschler, Van Duuren and Maltoni.

A final point in the evaluation of the possible hazards posed by TCE are
the acute toxicities. TCE exposures must reach extraordinary levels before
acute toxicities develop, and this is therefore a moot point. Another question
that has been raised centers on synergism and the possibility that trace amounts
of TCE might act synergistically with commonly used substances such as alcohol,
and tranquilizers. There is no evidence to support such an idea. In general,
svnergistic possibilities become quite evident i» rcdicine when a substance
becomes widely used. For example, tranquilizers wcre fuund to synergize with
alcohol to produce severe central nervous system depression and even coma.
Chloroform has been found to act synergistically with ethanol to cause liver
necrosis, based on the fact that both exert their effects through free radical
pathologic mechanisms (11). In the case of TCE, this substance has been used
widely, for many years in different countries, under a variety of environmental
conditions. If there were any likelihood of synergism it would have been
demonstrated by this time in the medical and forensic literature.
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In conclusion, TCE is not a carcinogen, based on extensive high dose
animal studies by several different research groups. In certain mouse strains
that have high rates for the spontaneous development of liver tumors or viral
related lymphomas, TCE can facilitate their appearance if it is used in very
high doses; this type of enhancement in the appearance of autochthonous neo-
plasms is not carcinogenesis., Facilitation or "promotion" involve markedly
different molecular pathologic mechanisms compared to true initiating
carcinogens as summarized in tabular form below. Carcinogen regulations have
been mandated by Congress in the USA, and represent feasible endeavors.
However, the area of "promotion", tumor facilitation or enhancement are broad
and 1mp0551b1e to regulate; further, Congress has not passed laws to regulate
this vague area. TCE, at the very worst, might be in this i11-defined category.

A

TABLE I.
Initiating Carcinogens "Promoters/Facilitators/Enhancers”
(e.qg. benzo(a)pyrene) (e.g. dietary fat)
e Parent compound or specific ® Require no metabolic activation
metabolites bind to key bases
in DNA and cause non-repar- e Do not bind to DNA

able changes
® Are not carcinogenic
e Llow, and/or infrequent
doses are needed ¢ Affect cell membranes to cause
changes in cyclic nucleotides
o Must be given before
promotion e Must be given after the initiating
: agent
¢ Mutagenic
e Trigger cell division -

® Action is reversible
e Suppress immune system

s Not mutagenic

e m— - — ke, - s -
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2. Detailed Background

A. Multi-step process of carcinogenesis

When a group of normal cells are exposed to a carcinogen, for example
benzo(a)pyrene, this does not immediately induce neoplasia. The earliest
step is the metabolic activation to a dihydrodiolepoxide which links
covalently via the 10 position to the 2-amino group of guanine in DNA (6).
Many chemicals require such activation, while a few do not (see Table 2).

Table 2. Classification of Some Groups of Carcinogens

Indirect-acting Direct-acting

(Metabolic Activation Required) (Metabolic Activation Not Required)
Halogenated aliphatic and Epoxides

olefinic hydrocarbons™®
Lactones
Aromatic hydrocarbons

Sulfur and nitrogen mustards
Aromatic amines

Halo ethers
Nitrosamines

Acylating agents
Aflatoxins

Pyrrolizidine alkaloids

*Some of these are possibly direct-acting carcinogens.

Most often an epoxide is formed, and this occurs via the cell's endoplasmic
reticulum hydroxylation system. However, not all epoxides are dangerous.

As a matter of fact, many non-toxic chemicals are converted into epoxides.

In fact, most of the molecules of even the potent carcinogens are converted
into inactive epoxides. For the complex polycyclic aromatic hydrocarbons,

the epoxide must be in the right position (the "K" vegion) to cause DNA
damag: . Figures 1 and 2 demonstrate compar:. s of csvc nogenic.:  aidl _oUs
non-carcinogenic epoxides.

SL 035269
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After appropriate metabolic activation, the epoxides must add to the
DNA, on the right position of the proper base. See Figures 3 and 4 for
examples of precise DNA-base damage.
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FIGURE 4. Reaction prixduct of tetraknthydronyinethvhiphosphonm ¢ borede (1P with guanosie !

Forming the epoxide is not the only requirement for forming a DNA-adduct.
The epoxide must be stable for a long enough period of time to react with DNA.
According to Henschler, trichlorethylene epoxide is unstable and undergoes
immediate intramolecular rearrangement to chloral while the epoxide is still
within the hydrophobic milieu of the mixed function oxygenase of the ER
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hydroxylation system (13). TCE epoxide, when produced exogenously, is a
reactive compound and decomposes at temperatures of 370C and pH 7.4 by
means of C-C and C-C1 fissions. However, metabolically, TCE is transformed
in vivo exclusively to tri-chlorinated C2 compounds, without any C-Cl
fission. Hence, it is doubtful that epoxidation is a metabolic pathway for
TCE, unless it occurs and undergoes immediate rearrangement, as suggested
by Henschler. In either case, TCE epoxide either does not form in vivo,

or it has such a short lifetime that it doesn't exist long enough to get
out of the oxygenase system.

The DNA damage, if it does occur, is generally excised by the extensive
DNA repair systems (12). Ultraviolet light, cosmic rays and strongly reactive
chemicals have been parts of the natural environment for eons; it is therefore
not surprising that living organisms have evolved many systems by which the
action of the hazardous agents can be ameliorated. ODNA repair systems
consist of:

1. Some highly specific enzymes with very restricted substrate
specificities (e.g., photoreactivating enzymes that act on
cyclobutane pyrimidine dimers induced by DNA);

2. Enzymes that remove or relocate methyl and ethyl groups that
are on incorrect sites of purines and pyrimidines (e.g.,
demethylases, glycosylases, transferases);

3. Enzymes with broad versatility that act on a wide variety
of chemical carcinogen adducts to DNA,

The importance of repair systems is dramatically seen in various rare human
diseases in which repair systems -are lost because of hereditary defects.
Three such conditions, xeroderma pigmentosum, ataxia telengectasia and
Fanconi's anemia show elevated levels of carcinogenesis (12).

If repetitive DNA damage occurs such that it exceeds the capacity of

the DNA repair systems, this still does lead to transformation. The genetic
defect induced by the adduct must be viable and the damaged cell(s) must be
induced to proliferate via some mechanism. Cells that do not divide cannot
lead to cancer. This is where "promotion", in its broader sense becomes
imnortant. Promotion originally referred to the two-step p= 285 of | -e-
skin carcinogenesis wherein an initiator 1ike benz(a)pyrene :s adminis.eied,
usually in a subcarcinogenic dose. This is followed by repeated applications
of a tumor promoter such as the phorbol ester, 12-0O-tetradecanoyl-phorbol-13
acetate (TPA), which causes the appearance of a large number of skin tumors.

Promoters exert many effects on cells, particularly their cell membranes.
They induce cell division and inhibit differentiation. See Tables 3 and 4.
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TABLE 3. titedts of TPA onthe Phenotype o el Colturnes,

Cell Surface and Membrane Changes
Ahlerd Na/K Al e
Aliered morphology
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Decrvased FETS prostenn

Increased uptake 1, " Rb deasysin ose

Altered tecepton,
Altered thuorescence polanzation

Growth Propertics
IncCredased satucation densty
Alteted cellecel onentmon

v
Decreased serum wvquoement

Decreased caloum regquirement
tnzymatic

I seased plasmmogen acivaun
syntheyis !

Increased omthine ded arbosylase
InCreased prostaglandim synthews

‘Modimed lrom Wemstenn et al - 1979
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CELL SYSTEM
Chichen binbrvo Fitiobl sty

TYPE OF DIFFERENTIATION

a Myopgentss

C hucbhen Linbeyeo Chondroblasts C hombrogeness
¢ hcken Embryo Dorsal Koot Ganghon MNeunte

Murine Eeythroleukenig Liythwomd
Murnne 313 Cell Line Adyrx yies
Murine Neuroblastarma Neurde

Murnine Melanomig

Hamster bpndermal Cultures
Muouse tpndermal Cubtures
Stta rchin

"see test and the ollowmg ieerences Shiga ot

Melanogenesty
Ketalinwk yles
Ketatingme ytos
Brbmyonernsin

178 Weoenstesms ef ol 197 Y anasake, 1977

Dr. Bernard Weinstein has recently discussed the idea that promoters
can promote virus-related cancers (8) and this is relevant to Henschler's
recent findings of the enhanced appearance of virus-related lymphomas in

female NMRI mice following TCE inhalation at high doses (2).

are caused by latent, inborn viruses.

These 1ymphomas
If promoters can accelerate virus-

related cancers, as Weinstein believes (8), then this may explain some of

the previous conflicts regarding the carcinogenicity of TCE.

To date, TCE

has been able to produce tumors only in Henschler's NMRI mice and in the
B6C3F1 mice used in the original National Cancer Institute study (14).

sSL 035273
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In both "instances, these mice have high rates of spontaneously developing
Tymphomas (NMRI) or liver tumors (B6C3F1l), and the results may simply
reflect some degree of promotion by TCE, and not carcinogenesis.

If a population of cells does undergo transformation and replicates
to some extent, there are the additional stepwise changes of hyperplasia,
metaplasia and benign tumor formation before malignant neoplasia occurs (8).
The final hurdle that must be overcome is formidable and involves
immunocompetence (15). Lewis Thomas originated the concept that cancer
cells develop only if there is a failure on the part of the immune surveillance
mechanism. This can occur either because of suppression of the immune system
or by changes in the cell membranes of the newly emerged cancer cells such
that they cannot be recognized as "foreign" (15). Henschler has offered
the suggestion that the enhanced development of lymphomas in his experiments
with TCE might be due to some change in the immune status of the mice. Among
all the different kinds of tumors, the types that are most closely associated
with failure of immunoregulation are the lymphomas (15). Lukes and others
have classified Hodgkin's disease on the basis of immunoregulation (16);
additionally, post-transplant recipients who receive immuno-suppressive
therapy most commonly develop lymphomas. It is therefore reasonable to
view Henschler's latest findings in his TCE treated mice as some alteration
in the immune system, which allowed the naturally occuring lymphomas in this
mouse strain to emerge more rapidly (2).

B. A Review of the In Vivo Studies Using TCE

Carcinogenicity - Van Duuren (1)

Because of the unique structural similarity of trichloroethylene (TCE)
oxide to the -chloroethers, some of which are potent direct-acting alkylating
carcinogens (17), it was suggested at a conference of the New York Academy
of Sciences in 1974 that TCE may be a potential carcinogen (18).

This suggestion was based on the likelihood that TCE would be metabolized
to its epoxide and that this epoxide would be the activated carcinogenic
intermediate. A similar epoxide intermediate was suggested for vinyl chloride
(VC) (18). These epoxide intermediates however were, at the time imknown
compounds. VC was by the. a well-knowi <érliniy_. - ,, bt = 1 a
information concerning the carcinogenicity of TCE. fhe original -uggestion
that TCE might be carcinogenic was based on its structure-chemical reactivity
relationship to the potent carcinogen, bis(chloromethyl) ether (20). TCE
oxide, VC oxide as well as bis{chloromethyl) ether have a common structural
feature, namely, one or two carbon atoms in each of the three compounds bear
both an ether oxygen and a chlorine atom as shown in Figure 5. This implies
that these epoxides are reactive alkylating agents, similar to bis{chloromethyl)
ether. It should be noted, however, that they differ in hydrolysis mechanisms
and products (13), and VC oxide rearranges spontaneously to chloroacetaldehyde
(18). TCE oxide, according to recent work, does not form in vivo, or if it does,
it is hypothetical since it undergoes immediate rearrangement to an inactive
compound, as suggested by Henschler (13). The important point is that the

352754




page -11-

CLi S,L Ck /CL
(= w
VAVAN
R ¢ 0 H
1 2 |
\E
P
Cli /H . H | ‘\
C—C CU—Q—O‘Q“CL
0o W H
3 Yy

Figure 5. Structural similarity between the epoxides of TCE and VC and
the carcinogen bis(chloromethyl) ether. (1) TCE; (2) TCE oxide;

(3) VC oxide; and (4) bis(chloromethyl ether.

reaction products of TCE, in vivo, now show that TCE oxide is not formed;
however, this was not known until the work of Henschler and others in the
late 1970's (13).

Before any metabolic studies were done to determine whether significant,
stable amounts of TCE oxide were formed, and before any screening in vitro
tests were performed, the National Cancer Institute launched a high-dose
in vivo study of TCE (21). In their bioassay, TCE was fed at high doses to
BET3F1 hybrid mice and Osborie-Mendci 2.5 of bo'i. .:xes [i. .tocellular
carcinoma was observed in both sexes of mice in significant incidences
(P<0.01). In the Osborne-Mendel rats, the tumor incidences observed, when
compared to no-treatment controls, could not be ascribed to TCE, that is, it
was not carcinogenic in this strain of rat. This report (21) (Public Health
Service 1976a) was widely publicized and criticized (22) for a variety of
reasons. The reasons most frequently cited were the high dosages used, the
use of a liver tumor-susceptible strain of mice, and the lack of s1gn1f1cant

Tiver tumor incidences in Osborne-Mendel rats.

In the mid-1970's, studies were bequn on the metabolism, carcinogenicity
and mode of action of a series of halogenated hydrocarbons of which TCE was one.

SL 035275
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Four bioassays were used to test TCE for carcinogenicity in ICR/Ha Swiss
female mice. This is a random-bred strain of mice with a relatively Tow
incidence of spontaneous tumors. The tests used were: 1) two-stage
carcinogenesis on mouse skin, that is, a single application of TCE followed

by repeated applications of the tumor promoter, phorbol myristate acetate (23);
2) repeated mouse skin application; 3) once weekly subcutaneous injection; and
4) once weekly intragastric intubation. The duration of the four tests ranged
from 342 to 622 days and the medial survival times in all tests were good,
except in those tests where tumors developed. The complete details of these
tests together with all or some of the same tests using other halogenated
hydrocarbons were recently published (1). TCE had negative results in all
four tests. The two-stage carcinogenesis and subcutaneous injection are,

in our experience particularly sensitive.

TCE oxide, a possible carcinogenic intérmediate, was tested by us as an
initiating agent in two-stage carcinogenesis. This test was negative also (1).
TCE epoxide is thought to be the active substance, if TCF is carcinogenic, hence
its administration should be an additional definitive test, esoecially when used
in a sensitive assay such as two-stage carcinogenesis in mouse skin with TCE
epoxide used as the possible initiator and phorbol myristate acetate (PMA) as
the promoter. Despite using the supposed ultimate carcinogenic metabolite in a
sensitive assay system, TCE epoxide was found to be a non-carcinogen (1).

Since the publication of this work (1), Van Duuren has expanded the TCE
epoxide testing to include two additional assays of: 1) repetitive skin
application of 2.5 mg TCE epoxide in 0.1 ml acetone, three times weekly for a
median of 526 days and 2) subcutaneous injection of 500 ug of TCE epoxide in
0.06 ml1 tricaprylin once a week for a median of 547 days. No tumors were pro-
duced, compared to controls. See Tables 5 and 6 which represent pre-publication
data from Dr. Van Duuren's Tlaboratory.

The cumulative evidence from Dr. Van Duurens published and most recent pre-
publication data regarding TCE epoxide shows that TCE is not a carcinogen. As
indicated earlier, the mere fact that a substance forms an epoxide does not mean
that it will have carcinogenic or other properties; definitive animal studies,
using the epoxide must be done, as in Van Duuren's work.

Carcinogenicity - Henschler (2)

iveschler bega. 0is most recent in vivo studies bucause of the deiiciencies
in the original NCI experiments (14). He questioned the use of massive gavage
doses used by NCI as "maximum tolerated doses" and noted that the results merely
represented "...an acceleration of the occurence of a spontaneous tumor in an
extremely sensitive strain of mice...". Additional defects were the presence of
significant contamination of NCI's TCE with the potent carcinogen, epichlorhydrin,
and the lack of tumorigenicity in rats also subjected to massive TCE doses (2).

Henschler (2) used pure TCE stabilized by an amine base and administered it
by inhalation at 0, 100 and 500 ppm for 6hr/day, 5 days/week for 18 months to
mice, rats and hamsters of both sexes. The 18 months represents the greater part
of the Tlife span of these rodents. TCE was found to be a non-carcinogen in all
the species tested. The dose levels and regimens used by Henschler were high
considering the fact that Guberan (25) has calculated that the amount of TCE

SL 035276




Table 5
. ‘ Skin Painting of Halo-Epoxides
30 ? ICR/Ha Swiss mice per group were painted on the dorsal skin

3 times weekly with halo-epoxides at the doses indicated in 0.1 ml acetone
by micropipet, except where noted. Duration of test was 432 to 580 days.

Days to No. animals with papillomas@ Median survival
Compound, dose first tumor Total papillomas time (days) P
cis-1-Chloropropene 225 14/20° (10) 432 <0.0005
- oxide, 10 mg

trans-1-Chloropropene 345 15/20 (10)¢ 513 <0.0005
oxide, 10 mg

cis-1,3-Dichloropropene n 16/19 (1) 522 <0,0005
oxide, 10 mg

trans-1,3-Dichloropropene 255 20/27d (17)¢ 511 <0.0005
oxide, 10 mg

Trichloroethylene epoxide, - 0 | 526 -
2.5 mg

Tetrachloroethylene £ 268 3/39 (1) >459 0.014
epoxide, 7.5 mg

m-Dichlorobenzene, - - 0 520 -
3.5 mg

Dichloroacetyl chloride, - 0 >576 -
250 ug

d,1-Diepoxybutane, 3.3 mg, 147 26/72 (21) 462 <0.0005
positive control

Acetone, 0 1 m] - b >h76

No treatment, 100 animals - 0 551 -

dNumber of mice with squamous cell carcinoma is indicated in parentheses.

bThree of these were keratoacanthomas.

COne animal developed both a sarcoma and a squamous cell carcinoma.

done of these was a histiocytoma and one was a keratoacanthoma.

€0ne of these was a sarcoma at the treatment area.

fTetrachloroethylene epoxide was applied at 5 ul (7.5 mg) by Eppendorf pipet
followed immediately by 0.1 ml acetone by micropipet.

90ne of these was a keratoacanthoma.
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Table 6
Subcutaneous Injection of Halo-Epoxides
30 2 ICR/Ha Swiss mice per group were injected in the left flank once

weekly with halo-epoxides at the doses indicated in 0.05 ml tricaprylin.
Duration of test was 551 to 580 days.

Days to No. animals with Median sur- '
Compound, dose first tumor® local tumors vival time P
(days)
cis-1-Chloropropene 355 1 sarcoma 482 0.052
oxide, 1 mg 1 sq. cell carcinoma
1 plasmacytic lymphoma
trans-1-Chloropropene 67 4 sarcomas 418 0.003
oxide, 1 mg 1 carcinoma
cis-1,3-Dichloropropene 77 4 sarcomas 500 0.003
oxide, 500 ug 1 sq. carcinoma and

scirrhous adenocarcinoma

trans-1,3-0Dichloropropene 189 5 sarcomas
oxide, 500 ug : 498 0.003

Trichloroethylene 529 1 sarcoma 547 N.S.b
epoxide, 500 ug

Tetrachloroethylene 245 1 sarcoma 491 N.S.b
epoxide, 500 ug : 1 lymphocytic lymphoma

m-Dichlorobenzene, 165 ug - 0 525 -

Dichloroacetyl chloride, b
50 ug 503 1 sarcoma >560 N.S.

d,1-Diepoxybutane, 330 ng, 35 9 sarcomas 475 <0.000
positive contro)l 2 sq. cell carcinomas

Tricaprylin, 0.05 ml - 0 >hey

No treatment, 100 animals 484 1 sarcoma 551 -

qpay to first tumor is the day the tumor was first palpated as a solid
subcutaneous mass.

bp >0.10.
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absorbed during an 8-hour occupational exposure to 100 ppm TCE TCE is approximately
equ1va1ent to 1.4 grams of chloral hydrate; the chloral is formed from TCE and
is then hydrated. Henschler went as high as 500 ppm TCE, 6 h/day, 5 days/week
for 3/4's (18 months) of the animals Tife time and still did not see carcino-
genesis.

The only statistically significant increase in tumor formation was in virus-
related lymphomas that already occur spontaneously with hiah incidence in female
mice of the strain employed (NMRI). This high prevalence of lymphomas in female
NMRI mice as first reported by Cole and Furth (26). Many other investigators
subsequently confirmed the autochthonus nature of the lymphomas in the NMRI
females (27, 28). The viral nature was known as early as 1951 and was defined
by Gross (29). '

The enhancement of naturally occuring neoplasms that are highly specific
for sex and species is not carcinogenesis, but rather a form of the broad type
of "promotion" (8). Weinstein has helped to pioneer the concept that virus-
related animal tumors can be "promoted”, in a manner analogous to the promotion
of subcarcinogenic doses of initiator carcinogens (8). Some loss of immuno-
regulation occurs in the multistep process of carcinogenesis, as summarized by
Filipovich (15). The strongest evidence regarding immunosuppresion and cancer
development is found in the human lymphomas, as summarized by Filipovich (15)
Lukes (16) and others. It is therefore very likely that Henschler's own dis-
cussion of ‘his Tymphoma results is accurate, i.e., the high doses of TCE simply
facilitated, or "promoted" the appearance of lymphomas 1in mice that already
have a high rate of developing them, and this occurred through a mechanism of
immunosuppresion. Henschler's conclusion was that this did not represent
carcinogenesis (2).

Carcinogenicity - Maltoni (24)

Cesare Maltoni reported gavage administration of TCE, delivered by stomach
tube, in olive oil, once daily, 4-5 days/week, for 52 weeks at two dose levels:
250 mg/kg and 50 mg/kg; the control group was given olive oil alone. Each group
had 60 rats, 30 males and 30 females that were 13 weeks old at the start of the
experiments. The study Tasted 140 weeks and all animals were observed until
spontaneous death. Maltoni found no evidence of carcinogenicity in these studies
(24). T+ ~hould be noted that the doses employed were of ths same crdey 7
magnitude &S employed in the original NCI study (14).

At the Banbury Center conference (3) at Cold Spring Harbor the Comments by
the participants were recorded, transcribed and published as part of the symposium
(3). Maltoni's comment following Van Duuren's presentation is particularly
relevant:

Maltoni: "Just a comment to Dr. Van Duuren. National Cancer
Institute (NCI 1976) data showed that in one single strain
of mice, the usual one used for the NCI tests, extremely
massive doses of TCE were shown to produce hepatomas in the
mice. Thereafter, there were, I think three kinds of
experiments - those by Dr. Van Duuren, one sponsored by
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industry which was not finished, and our experiments,
which had results in line with the results of Dr. Van
Duuren. We treated for 52 weeks, five times weekly
with 0.25g/kg body weight. We didn't get any type of
carcinogenic effect.

It was found that probably the TCE used by NCI was
not pure TCE. And so industry promoted an experiment of
mutagenesis with highly pure TCE with negative results on
an O-series carcinogenicity test.

We are now conducting what we do believe are the
largest studies ever done*on EDC-it's the largest one per-
formed in our laboratory at once on rats. We are using
Sprague-Dawley rats and our own Swiss mice. A large group
of 800 animals were kindly provided to us by NCI. We are
testing by inhalation starting by very heavy dose - 600 ppm
down to 300 ppm on 3500 animals altogether. This study was
started in February 1979 and we are confident in 1 year we
will have enough time to finalize the results.

On the basis of our present evidence, we agree entirely
with what Dr. Van Duuren has said this morning. We didn't
have any carcinogenic effect up to this point".

Maltoni's data are partially summarized in Tables 7, 8 and 9. No
significant differences were found, compared to controls. The Tables shown here
are not as extensive as in Maltoni's presentation. He studied the animals
completely and looked for all types of tumors.

The Cold Spring Harbor Symposium (3) ended the discussion of TCE with the
agreement of that Maltoni's inhalation studies using TCE at doses of 300-600 ppm,
in mice and rats would be important (3). However, since that symposium, Henschler's
studies (2) were published wherein TCE was used at 100-500 ppm in mice, rats and
hamsters for the greater part of the animals Tife span (18 months); Henschler's
inhalation work showed that TCE was not a carcinogen.

Carcinnaenicity - Original NCJ study (14)

Industrial grade (>99% pure) trichloroethylene was tested using 50 animals per
group at 2 doses and with both sexes of Osborne-Mendel rats and B6C3F1 mice. Twenty
of each sex and species were maintained as matched controls, in addition to colony
and positive carcinogen controls. Animals were exposed to the compound by oral
gavage 5 times per week for 78 weeks. At the end of treatment, animals were
observed until terminal sacrifice at 110 weeks for rats and 90 weeks for mice.

A complete necropsy and microscopic evaluation of all animals (except 7 of the
original 480) was conducted. .
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TABLE 7

Experiment BT301: Exposure by ingestion (stomach tube) to Trichloroethylene in olive o0il at
250 anc 50 mg/Kg body weight, once daily, 4-5 days weekly, for 52 weeks.
Results after 140 weeks (end of experiment). .

DISTRIBUTION OF THE DIFFERENT TYPES OF TUMOURS

ANIMALS ANTMALS WITH TUMOURS
(Sprague-Dawley rats, :
GROUPS  |CONCEN- 13 weeks 01d at start)]| Mammary tumours Zymdal gland Leukaemias
NO. TRATION : carcinomas
No.at Corrected |To- Average | To- Average To- Average
Sex start number tal % latency | tal % Tlatency tal % latency
No. | time No. time No. time
{weeks) (weeks) (weeks)
d 30 30 1 3.3 79.0 o - - 3 10.0 67.3
I 250 ? 30 29 16 55.2 83.3 0 - - 0 - -
mg/kg [
0" & Q 60 59 17 28.8 83.0 0 - - 3 5.1 67.3
o 30 29 4 13.8 87.0 1 3.4 119.0 2 6.9 70.0
11 50 9 30 30 22 73.3 81.2 0 - - 0 - -
mg/kg
&0 60 59 26 44.1  82. 1 1.7 119.0 2 3.4 70.0
d 30 28 1 3.5 111.0 o - - 0 - -
111 Olive
0il 9 30 30 16 53.3 93.0 0 - - 1 3.3 80.0
Contro =
0*&9 60 58 17 29.3  94.0 0 - - 1T 1.7 80.0
TOTAL 180 176




TABLE 7 continued
Experiment BT307: Exposure by ingestion {stomach tube) to Trichloroethylene inoliveoil at
250 and 50 mg/Kg body weight, once daily, 4-5 days weekly for 52 weeks.
Results after 140 weeks {end of experiment).

DISTRIBUTION OF THE DIFFERENT TYPES OF TUMOURS

ANIMALS WITH TUMOURS
GROUPS  [CONCEN- Forestomach Encephalic tumours
4 No. TRATION epithelial Subcutaneous Other
o tumours sarcomas Neuroblastomas types Others
9
® To- Average | To- Average | To- Average | No. % | To- _ Malic
™ tal % latency | tal % latency | tal % latency tal Benign  nar
No. time | No. time No. time Mo.  No. No.
{weeks) (weeks) (weeks)
0 - - 0 - - 0 - - 0 - 2 1
I 250 0 - - 0 - - 0 - . - 0 - 3 1 2
mg/Kg
0 - - 0 - - 0 - - 0 - 6 3. 3
0 - - 1 3.4 119.0 0 - - 1T 3.4}1 0 0 0
I 50 1 3.3 95.0 0 - - 0 - - 1 3.4{ 3 2 1
mg/Kg
o . 95.0 1T 3.4 119.0 0 - - 2 3.4] 3 2 1
0 - - 0 - - o - - 1 3.6] 5 1
Il Olive ;0 - - 0 - - 0 - - 0 - 8 6 2
0il
{control) 0 - - 0 - - 0 - - 1 1.7113 10 3
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Experiment BT301

TABLE 8

: Exposure by ingestion (stomach tube) to Trich]oroethyTene in olive 0il at

250 and 50 mg/Kg body weight, once daily, 4-5 days weekly, for 52 weeks.
Results after 140 weeks (end of experiment).

DISTRIBUTION OF THE DIFFERENT TYPES OF MISCELLANEOUS {"OTHER") TUMOURS

ANIMALS BEARING OTHER TUMOURS

GROUPS SEx Benign Malignant TOTAL
NO.
No. Distribution of histotypes No. Distribution of histotypes
1 M 2 1 skin acanthoma 1 1 sarcoma of the lung 3
1 Leydig cells tumour -
~ 1 adenocarcinoma of the uterus
F 1 1 pheochromocytoma 2 1 pericytosarcoma of the uterus 3
M 0 -- 0 -- . 0
I
F 2 1 adrenal gland cortical adenoma 1 1 adenocarcinoma of the uterus 3
1 Teiomyoma of the uterus
2 dermatofibromas 1 retroperitoneal liposarcoma
M 4 1 pheochromocytoma 1 5
1 bladder parilloma
ITI _
1 adrenal gland cortical adenoma 2 adenocarcinomas of the uterus
1 pheochromocytoma
F ) 1 ileo-caecal fibroma 2 8

1 polypus of the uterus
1 bladder par-1loma
1 neurilemoma
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TABLE 9
Experiment BT3{ cxposure by ingestion {stomach tube) to Trichloroethylene in olive oil at
250 and 50 mg/Kg body weight, once daily, 4-5 days weekly, for 52 weeks.
Results after 140 weeks (end of experiment).

DISTRIBUTION OF THE DIFFERENT TYPES OF MAMMARY TUMORS

MAMMARY TUMORS
HIMALS Histologically examined
{Sprague-Dawley ratc . Histotype
13 weeks old at star:) Fibromas and
T fibroadenoma Carcinomas
Average | No. of Average Average
To- latency { tumors/ | To- Tatency latency
IGROUPS [CONCEN-| Sex | No.at {Correcc:d| tal time tumors tal time time
NO. {TRATION start | number |No. % |j{weeks) | bearing | No.| % |[No.] % |(weeks) | No.| % {{weeks)
animals
G;? 30 30 1 3.3 79.0 1.0 1 |100.0[ 1] 100.0 79.0 0 - -
|20 9 30 |° 2¢ |16}55.2 | 83.3 1.6 14 | 87.5[12 | 85.7| 85.7 3| 21.4| 62.3
mg/Kg 1
G'& Q 60 59 17 }28.8 83.0 1.5 15 88.2 113 86.7 85.2 3 20.0 62.3
0" 30 29 4 113.8 g7.0 1.0 3 75.01 3 {100.01 88.3 0 - -
I |50 0 30 30 22 [73.3 | 81.2 1.3 20 | 99.0017 | 85.0| 87.4 3 110.0| 63.0
mg/Kg +
=~
g & g 60 59 26 | 44.1 82.1 1.2 23 88.5120 | 86.9| 87.5 3 13.0 63.0
——e e —
o | 30 28 11 3.5 {111.0 1.0 0 -lo| - - 0 - -
I phve 1 9 | 30 30 |16 (53.3 | 93.0 1.7 |16 |100.016 {100.0| 93.0 | 3 [ 18.7]110.0
(con- 2 0
trol) ga Q 60)__ 58 17 129.3 94.0 1.6 16 94.1116 [100.0 93.0 3 18.7 1 110.0
TOTAL 180 176
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Two doses were ysed with animals started on test at approximately 6 weeks
of age. The initial doses used in this test were the estimated maximum tolerated
dose (MTD) and '; MTD, as predicted from data obtained in a 6-week toxicity study.
For rats, the initial doses were 1300 and 650 mg/kg body weight. These were
changed, based upon survival and body weight data, so that the "time-weighted
average" doses were 549 and 1097 mg/kg for both male and female rats. For mice,
the initial doses were 1000 and 2000 mg/kg for males and 700 and 1400 mg/kg for
females. The doses were increased so that the “"time-weighted average" doses
were 1169 and 2339 mg/kg for male mice and 869 and 1739 mg/kg for female mice.

With both male and female mice, primary malignant tumors of the liver,
i.e., hepatocellular carcinoma, were observed in high numbers. For males, 26/50
Tow dose and 31/48 high dose animals had hepatocellular carcinomas as compared
with 1/20 matched controls and 5/77 colony controls. The differences between
treated and matched control males at both doses were highly significant (P <0.001).
For females, hepatocellular carcinomas were observed in 4/50 low dose and 11/47
high dose animals as compared with 0/20 matched controls and 1/80 colony controls.
While the difference between the high dose female mice and matched controls was
also highly significant (P <0,01), the difference at the Tow dose was less (P = 0.09).
For both male and female mice, age-adjusted tests for linear trend (dose response)
were highly significant for hepatocellular carcinoma (P <0.001 for males and P =
0.002 for females).

Carbon tetrachloride (CC14) was used as a positive control for the series
of chlorinated chemicals which included trichloroethylene. While virtually all
male and female mice developed hepatocellular carcinomas following carbon tetra-
chloride treatment, the response in the Osborne-Mendel rat was considerably less.
Only about 5% developed hepatocellular carcinomas. Thus, there appears to be a
marked difference in sensitivity ‘to induction of carcinomas by chlorinated compounds
between the B6C3F1 mouse and the Osborne-Mendel rat.

The original NCI test has been reviewed and found to have serious flaws
including: 1) extremely high doses; Maltoni had described them as "...extremely
massive doses of TCE..." (3); Van Duuren believes quite strongly that disordered
metabolism is induced by such doses and that such artefacts preclude an evaluation
of carcinogenicity (3); 2) use of mice that spontaneously develop liver tumors;
this is facilitation or a type of "promotion"; it is not carcinogenesis; 3) lack
oi tumer producticn in a difft ont species; most chemical carcinog .e 1S v rkers
will not consider a substance as carcinogenic as long as only one spe.ies is
affected. The NCI studies have just revealed a peculiarity of the mouse strain
employed. Other workers like Van Duuren (1), Henschier (2) and Maltoni (24) have
studied rats, hamsters and other mouse strains, by varied routes and have found
no evidence of carcinogenicity; and 4) use of TCE that was heavily contaminated
with significant quantities of the potent carcinogen, epichlorhydrin; this latter
point disqualifies the entire NCI study.
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C. A Review of the In Vitro Studies Using Pure TCE

The use of TCE preparations that contained potent carcinogenic contaminants,
such as the epichlorhydrin in the original NCI in vivo study (14) are invalid
as are studies wherein the purity of the TCE was not specified in vitro (33,35,37).

A further point is that the in vitro assays are for screening the miriads
of chemicals, in order to select the ones that should be tested by the costly,
and prolonged in vivo animal tests. Van Duuren (30) has defined a multi-tier
system for studying carcinogens and this is shown in Table 10. In view of the
recent extensive in vivo data by Van Duuren (1), Henschler (2) and Maltoni (3),
it is reasonable to ask, "Why in vitro assays?". These are only screens which
test for mutagenicity and by themselves have no significance for humans, or for
animals.

Since Ames first developed his Salmonella mutant lines, a number of other
short-term in vitro assays have been developed (31), and include whole organisms
such as flies (34). The Ames test requires a liver homogenate to mediate the
metabolic activation of the chemical in question. There has been an extra-
ordinarily good correlation in a series of more than 300 compounds between the
number of back-mutations to histidine auxotrophy in various tester strains of
Salmonella, and the carcinogenicity of the compounds; there are approximately
10% false positives and 10% false negatives (32). The newer tests using eukaryotes
(yeast and mammalian cells such as Heidelberger's C3H/10T % cells) do not have the
excellent "track record" of the Ames test in that they have not been correlated
with over 300 compounds, and the percent of false positives and false negatives
are higher.

A review of the available Titerature (32-41) reveals mixed data, equally
negative and positive, even with pure TCE. There are several reports that are
negative and the few that are positive are weakly so. In the weakly positive
results with Salmonella, only one tester strain, TA100, was sensitive. The lack
of consistently positive data, particularly in several Salmonella tester strains
seriously undermines any premise of significant mutagenicity for pure TCE. Further,
it is well to keep in mind the 10% false positive and 10% false negative aspects
of the most reliable in vitro system, the Ames Salmonella test. To place any
reliance on the in vitro data, wherein the positives are quite weak and only in
one tester strain, is to push the reliability of the in vitrc -~ystems beyond
credibility.

TABLE 10
Tier System for Assessinent of Potentiad Human Carcinogens
1 Shuchsee Activaty Stushes
2 Shon-term Broassays

3. Chrone Testing in Animals

4. Emdemiology




10.

11.

12.

13.

14,

REFERENCES

Van Duuren, B., et al. Carcinogenicity of halogenated olefinic
and aliphatic hydrocarbons in mice. JNCI. 63: 1433, 1979.

Henschier, D., et al. Carcinogenicity study of trichlorethylene
by Tong-term inhalation in three animal species. Arch. Toxicol.
43: 237, 1980.

Banbury Report 5. Cold Spring Harbor Symposium. B. Ames, P. Infante,
and R. Reitz (eds.). Banbury Center, Cold Spring Harbor, NY, 1980.
In Press.

Preventive Medicine 9: 163-332, 1980. * Entire Issue.

Journal of Environmental Pathology and Toxicology. 3: 1-481, 1980.
Entire Issue.

Backer, J.M. and I.B. Weinstein. Mitochondrial DNA is a major
cellular target for a dihydrodiol-epoxide derivative of
benz(a)pyrene. Science 209: 297, 1980.

Demopoulos, H.B., et. al. The possible role of free radical
reactions in carcinogenesis. J. Env. Path. Toxic. 3: 273, 1980.

Weinstein, I.B. Evaluating substances for promoting cofactor
effects and synergy in the carcinogenic process. J. Env. Path.
Toxic. 3: 89, 1980,

Wattenberg, L.W. Inhibitors of chemical carcinogenesis. J. Env.
Path. Toxic. 3: 35, 1980.

Rosenkranz, H. and Van Duuren, B. Null effects of trichlorethylene
in the Ames Test. Halocarbon Symposium, June 19-20. International
Study Center for Environmental Health Sciences. Report No. 4,
Valhalla, New York, 1980.

Wei, E., Wang, L.C.K. and Hine, C.H. Selective potentiation of
Cf14 hepatote -*~ity bv ethanol. Arch. Int. Pharmacodyn. 189-
B, 1971,

Cleaver, J.E. DNA damage, repair systems and human hypersensitive
diseases, J. Env. Path. Toxic. 3: 53, 1980.

Henschier, D. et al. Reactions of TCE epoxide in aqueous systems.
Biochem. Pharmacol. 28: 543, 1979.

NCI Carcinogenesis Tech. Report No. 2. Carcinogenesis bioassay of

trichlorethylene, C.A.S. No. 79-01-6. U.S. D. H.E.W. Publ. No.
76-802, 1970.

SL 035287




15.

16.

17.

18.
19.

20,

21.

22.

23.

24.

25.
26.

27.

Filipovich, A.H. et al. Immunodeficiency in humans as a risk
factor in the development of malignancy. Preven. Med. 9: 252,
1980.

Lukes, R.G. and Collins, R.D. Lukes-Collins classification and
its significance. Cancer Treatm. Rep. 61: 971, 1977.

Van Duuren, B.L., Goldschmidt, B.M., Katz, C., Langseth, L.,
Mercado, G. and Sivak, A. Alpha-haloethers. A new type of
alkylating carcinogen. Arch. Environ. Health, 16: 472, 1968.

Van Duuren, B.L. On the possible mechanism of carcinogenic action
of vinyl chloride. Environ. Health. Perspect. 21: 17, 1975.

Maitoni, C. and Lefemine, G. Carcinogenicity bioassays of vinyl
chloride: Current results. Ann. N.Y. Acad. Sci. 246: 195, 1975.

Van Duuren, B.L., Sivak, A., Goldschmidt, B.M., Katz, C. and
Melchionne, S. Carcinogenicity of halo-ethers. J. Natl. Cancer
Inst. 43: 481, 1969.

Public Health Service. 1976a. Bioassay of trichloroethylene for
possible carcinogenicity. NCI-CG-TR-2. DHEW publication number
(NIH) 76-802. Government Printing Office, Washington, D.C.

Henschler, D., Eder, E., Neudecker, and Metzler, M. Carcinogenicity
of trichloroethylene: Fact or artifact? Arch. Toxicol. 37: 233,
1977.

Van Duuren, B.L., Witz, G. and Goldschmidt, B.M. Structure-activity
relationships of tumor promoters and cocarcinogens and interaction
of phorbol myristate acetate and related esters with plasma
membranes. In: Carcinogenesis, Mechanisms of tumor promotion
and cocarcinogenesis (ed. T.J. Slaga, A. Sivak, and R.K. Boutwell),
vol. 2, p. 491. Raven Press, New York, 1978.

Maltoni, C. Results of long-term carcinogenicity bioassays of
trichlorethylene: Experiments by oral administration on Sprague-

. Dawl=w rats. In: Banbury Repor* 5. Cold Spring Harbor Symposium.

Ames, 8., Infante, P. and Reitz, R. (eds.). Banbury Center, Cold
Spring Harbor, New York, 1980 1In Press.

Guberan, E. Proposed biological threshold limit values for industrial
exposure to TCE vapor. Scand. J. Worker Environ. Health. 3: 80, 1977.

Cole, R.K. and Furth, M.D. Experimental studies on the genetics of
spontaneous leukemia in mice. Cancer Res. 1: 957, 1941.

Muller-Peddinghaus, R. Die murine leukose, Inaugural Dissertation,
Tierarztl. Hochschule. Hanover, 1972.

SL 035288




28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

30

40.

4]1.

-

N

Luz, A. The range of incidence of spontaneous neoplastic and non-
negplastic lesions of the laboratory mouse. Z. Versuchstierkd. .
19: 342, 1977. BN

Gross, L. "Spontaneous" leukemia developing in C3H mice following
inoculation in infancy, with AK-leukemic extracts, or AK-embryos.
Proc. Soc. Exp. Biol. Med. 76: 27, 1951.

Van Duuren, B. Prediction of carcinogenicity based on structure,
chemical reactivity and possible metabolic pathways. J. Env. Path.
Toxicol. 3: 11, 1980.

Heidelberger, C. Mammalian cell transformation and mammalian cell
mutagenesis in vitro. J. Env. Path. Toxicol. 3: 69, 1980.

Ames, B.N., Durston, W.E., Yamasaki, E. and Lee, F.D. Carcinogens
are mutagens. Proc. Natl. Acad. Sci. 70: 2281, 1973.

Greim, H. Mutagenic and chromosomal aberrations of TCE, some
pesticides and a number of chlorinated solvents. Arch. Toxicol.
(Berlin). 39: 159, 1977.

Ismalov, A.5. and Ryshal, G.V. Mutagenic effect of TCE in offspring
of the fly Drosophila melanogaster. Biol. Nauk. Iss. 1: 6, 1976.

Shahin, M.N. and Von Burstel, R.C. Mutagenic and lethal effects of
alpha-benzene hexachloride, dibutyl phthalate and TCE in Saccharomyces
carevisae. Mutat. Res. 48: 123, 1977.

Loprieno, et al. In vitro mutagenicity studies with TCE. Preliminary
report. Pia, Italy.

Bronzetti, G. et al. Genetic activity of TCE in yeast. J. Evn. Path.
Toxicol. 1: 411, 1978.

Bartsch, H. et al. Mutagenic and alkylating metabolites of haloethylenes,
chiorobutadienes and dichlorobutenes produced by rodent or human liver
tissues. Arch. Toxicol. 41: 249, 1979.

Simmcn, V.F. et al. Mutagenic activity of chemicals identified in
drinking water. ‘'Prog. in Genetic Toxicol. Scott et al (eds.),
pp. 249-258, 1977.

Margard, C. Summary report on in vitro bioassay of chlorinated
hydrocarbon solvents. Unpublished.

Baden, J.M. et al. Mutagenicity of inhalation anesthetics:
Trichloroethylene, divinyl ethyl, nitrous oxide and cyclopropane.
Brit. J. Anesthesiol. 51: 417, 1979.

SL 035289




