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The Chemical Manufacturers Association ("CMAY)
Vinylidene Chloride Program Panel ("VDC Panel" or "Panel")
submits these comments and responds to the request for
comments of the Agency for Toxic Substances and Disease
Registry ("ATSDR") regarding the Draft Toxicological Profil
for 1,1-Dichloroethene ("Draft") (53 Fed. Reg. 51192
(December 20, 1988)). The VDC Panel is an industry group
organized as a special program of CMA, representing all
United States manufacturers of 1,l-dichloroethene
("vinylidene chloride" or "VDC") and a substantial portion
of the industry, both domestic and foreign, which converts

VDC into other products.




Executive Summary

The Panel's comments are divided into two
sections =-- general comments on the approach taken in the
Draft and specific comments on statements made regarding VDC
in the Draft.

The Panel's principal concerns are as follows:

o Exposure to VDC is extremely rare and, when it
exists, is at very low levels. The material is
carefully controlled because of various non-cancer
health effects, but to a level equivalent to the
controls placed on vinyl chloride, a known
carcinogen. The Draft should assess all
toxicology endpoints with a view toward
determining whether additional studies will truly
lead to health effects information on which
further regulatory controls might be based. If
not, the need for additional information is highly
questionable.

o The various data needs evaluations ghould be
revised to reflect a careful scientific judgment
as to whether additional studies are necessary to
determine whether the substance poses a
significant risk to health. Such a judgment is

not presented in the Draft.
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o The large body of carcinogenicity and

pharmacokinetic data should be fairly
characterized as demonstrating that VDC is not
likely to pose a significant carcinogenicity
risk. In view of the large number of studies,
additional research cannot be said to be
necessary.

o) Suggestions of developmental effects are
misleading unless they c¢learly state that all such
effects in animal studies have been associated
with maternal toxicity.

The comments also contain a number of additional comments on

individual statements in the Draft.
A. General Comments

The Panel incorporates the general comments
submitted by CMA on the second set of toxicological
profiles. Comments of the Chemical Manufacturers
Association on Generic lssues Raised by the Second 25
Toxicological Profiles, dated May 12, 1989.

The Panel is particularly concerned that the Draft
fails to reflect an adequate evaluation of testing needs for
VDC. Any evaluation of testing needs must begin with a

consideration of the purpose of the tox profiles, as set
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forth in 42 U.S.C. § 9604(i), and as repeated in the

guidelines developed by ATSDR. The law provides for the

preparation of tox profiles which contain the following:

o] First, the profile shall include an examination,

summary and interpretation of available
toxicc gyical information and epidemiologic

evalu: .ons "in order to ascertain the levels

of

significant human exposure for the substance and

the associated acute, subacute, and chronic health

effects."

o Second, the tox profile shall determine whether

adequate information exists or is in the process

of development "to determine levels of exposure

which present a siynificant risk to human health

of acute, subacute, and chronic health effects."

o Third, the tox profile shall, where appropriate,

include "an identification of toxicological

testing needed to identify the types or levels of

exposure that may present significant risk of

adverse health effects in humans." (42 U.S.C.

9604 (1) (3)).

ATSDR and EPA have promulgated Guidelines for

§

Development of Toxicological Profiles. (52 Fed. Reg. 12870

(April 17, 1987)). The Guidelines provide that "the primary
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focus of the toxicological profiles should be on the data

most relevant for evaluating levels of significant human
exposure and the acute, subacute, and chronic health
effects of the subject hazardous substances (i.e., each
profile will identify the cquantity of a substance which
represents a level of potential exposure that would
constitute a public health concern based on available
data)." (52 Fed. Reg. at 12871-72). The guidelines also
state that "[t)he toxicological profiles also must focus on
important data needs that preclude the determination of
significant levels of human exposure or contribute
substantially to the uncertainty of such levels." (52 Fed.
Reg. at 12872).

The data needs evaluation is thus repeatedly tied
into the need to identify significant exposure and
significant risks. An evaluation that merely addresses what
testing may be desirable or beneficial has little bearing on
the issue before ATSDR. That issue, the Panel submits, is
whether additional testing is needed (i.e., necessary) to
determine significant exposure and significant health risks.

The Panel notes that Section 2.9 of the Draft,
which discusses the requirements of Section 104 (i) (5) of
CERCLA (42 U.S.C. § 9604(1i)(5)), describes ATSDR's role as

simply assessing whether adequate information on the health
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effects of the substance is available. The Draft fails to
refer to Section 104(i) (3), which indicates the factors to
be considered in evaluating what is "adecquate" and what is
"inadequate." As quoted above, the law defines the adequacy
of data in terms of the need for additional data to assess
levels of "significant exposure" which present a
"significant risk to human health." The Panel believes that
this failure to focus on the Congressionally mandated
criteria whereby the adequacy of the database is to be
determined has made it difficult for the Draft to give more
than general conclusions regarding additional data that may
be useful. Such conclusions fail to fulfill the function
intended for the tox profiles. Each indication of a data
need should be accompanied by a reasoned evaluation of
precisely what data are truly needed to determine
significant risk to human health.

Without a determination by ATSDR and EPA that
additional data are necessary to determine whether levels of
human exposure are significant and whether exposure presents
a significant risk to human health, the data needs
recommendations contained in the Draft will not fulfill the
purpose set forth in CERCIA.

The failure to evaluate the significance of the

so-called data gaps is particularly important for VDC, for

SL 064590




B. Specific Comments

CMA's specific comments are organized by health
effect. The comments address carcinogenicity, the extent of

exposure, developmental effects, reproductive effects,

neurologic effects, and miscellaneous issues.

1. Carcinogenicity

a. The Draft does not adequately
characterize the current data

on carcinogenicity

The Draft discusses carcinogenicity data in

several places and repeatedly fails to present a full and
accurate picture of the existing database. The Panel
submits that the existing carcinogenicity data are
sufficient to determine whether VDC exposure presents
significant risks.

It is extremely important that the general
discussion of VDC carcinogenicity contained at various
points in the Public Health Statement be complete and
accurate. Statements which, by reason of omissions, may
mislead the public should be amended to include at least a
summary of the information being omitted so that the
statements given are not misleading. For example, on
page 3, the Draft contains the statement "laln increased

risk for cancer has been demonstrated in animals exposed to

DCE." Read by itself, this statement does not present a




which there is already a large volume of data and to which
exposure 1s already extensively controlled. Part B of
these comments discusses the available data. It is also
important, and should be noted in the tox profile, that OSHA
has recently amended the Z-Table regulation to lower the
permissible exposure limit to VDC in the workplace to 1 ppm.
(54 Fed. Reg. 2332, 2566~67 (Jan. 19, 1989)). This exposure

level was not based upon carcinogenicity data, but rather

upon other toxicological data. However, a safety factor was
added to the evaluation on the basis of the one positive
carcinogenicity bioassay reported in the Draft (see
discussion below). As a result, VDC exposure in the
workplace is restricted to the same level as exposure to
vinyl chloride monomer, a known human carcinogen.

Because of the extensive limitations on VDC
exposure levels, it is unlikely that existing exposure
levels can be considered significant, regardless of the
findings of additional research. It is extremely important
that in evaluating the need for additional data, ATSDR
consider the extent to which existing regulatory programs
already restrict exposure to levels below what can be

considered significant.
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fair depiction of the large database which fails to

demonstrate carcinogenicity in animals. The statement is
misleading to the extent that it does not make clear to the
reader that an increased risk for cancer has been
demonstrated only in a single sex of a single strain of a
single species of laboratory animal (the male Swiss mouse)
or that that one study has been criticized.

The reference on page 19 to a cancer effect level
("CEL"), standing aione, fails to reveal the many
inadequacies in the study on which it is based, and also
fails to point out the many studies which did not produce
evidence of carcinogenicity. The Panel submits that it is
inappropriate to calculate a cancer effect level on the
basis of the scant and flawed data that have been reported
as positive.

The discussions in Sections 2.2.1.8 (cancer risk
due to inhalation exposure), 2.2.2.8 (cancer risk due to
oral exposure), 2.2.3.8 (cancer risk due to dermal
exposure), 2.3 (relevance to public health) and 2.9
(adequacy of the database) contain a number of errors and
should be revised.

Several of the introductory summary statements are
shown later to be in error. For example, the statement at

page 32 that "the results of studies by Maltoni et al.
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(1985) in mice in rats and mice [sic] have provided some
evidence of a carcinogenic effect associated with DCE
exposure" is inaccurate. As the Draft later notes, the
Maltoni study produced positive results only in mice. While

Maltoni himself claimed to have found positive results in

Sprague-Dawley rats, that conclusion has not been accepted
by EPA and cannot be verified by Maltoni's published
results. The Draft specifically points out the flaws which
limit the usefulness of the Maltoni rat study (at p. 33).
In view of those concerns, it is inappropriate to refer to
the study as a positive study.

The reference at page 34 to the EPA ¢;* of 1.2
(mg/kg/day) "1 for cancer risk, and the plotting of that
value in Figure 2-1 is misleading. The q;* value is
presented in such a way that it will be misunderstood

‘ause of the need to convert inhalation dose to
equivalent internal dose before inhalation risk upper bound
values can be calculated.

Moreover, in view of the weaknesses of the Maltoni
study and the contradictory data produced in other studies,
it is inappropriate to suggest that a valid cancer risk
level can be determined from those data. 1In fact, it should
be pointed out that EPA has not requlated VDC as a probable

carcinogen, but has instead regulated it in drinking water
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on the basis of non-carcinogenicity data. Similarly, OSHA
has not regulated VDC on the basis of carcinogenicity data,
although the levels to which it is regulated are comparable
to the levels for carcinogenicity data on the basis of
multiple safety factors.

The Draft summarizes the available inhalation
long-term chronic or oncogenicity bioassays on VDC and
suggests that "[t]he negative or inconclusive findings of
various inhalation studies may be partially explained by
inadequate test conditions (EPA 1985a)." (Draft at p. 34).
Similar objections are raised to the oral studies (p. 46)
and are repeated in the over-all data needs assessment (p.
73).

The Panel believes that it is extremely ambiguous
to state (p. 45) that "a trend toward increased incidence of
malignant and nonmalignant tumors . . . has been reported in
several studies." As pointed out in the Draft, the
incidence of these tumors was not statistically
significant. These are not positive studies, and therefore
to suggest "a trend" without statistical significance is
potentially misleading.

It is noteworthy that the limitations in the
Maltoni study which are observed in Section 2.2.1.8 of the

Draft are not repeated in the earlier Public Health
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Statement. The Panel submits that the failure to point out
these limitations, and the failure to point out the many
studies which were negative, renders the statements made in
the Public Health Statement misleading.

The summary of carcinogenicity data at page 56

accurately lists the large nur->er of studies following

inhalation, oral, dermal, ané ibcutaneous exposure routes ﬂ
and accurately notes that only one study (Ma®! :ni et al.
(1985)) - -ovided evidence of a positive carc:..ogenic effect
from DCE exposure. The Draft is inaccurate in indicating
that the Maltoni study provided "clear evidence" (p. 56), in
view of the many difficulties and problems with that study.
Indeed, EPA's characterization of the data was as "limited
evidence." (51 Fed. Reg. 28840, 28841 (August 12, 1986)).
The Draft, we believe, inaccurately states that the results
of all other carcinogenicity studies with laboratory animals
have been "inconclusive." The Panel helieves that,
considering the large number of studies and the various
routes of exposure, the carcinogenicity data for vVDC is not
inconcluasive, but rather adequately demonstrates that VDC
does not pose a carcinogenic risk to humans.

The Draft states that the initiation-promotion
study by Van Duuren et al. was "positive" (p. 56). The

study itself was not a positive study. 1In EPA's words:
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"The relevance of positive results in
this tumor initiation study with regard
to the assessment of human health
effects is not clear, particularly since
complete carcinogenic activity could not
be demonstrated." (EPA Health
Assessment Document for Vinylidene
Chloride at 10-124 (Aug. 1985)).

Finally, the Draft summarizes the current state of

the database with regard to chronic exposure and

carcinogenicity as follows:

"Data from animal studies on the chronic
toxicity and carcinogenicity of DCE are
sparse, and limited in their usefulness
because of experimental design flaws.
The data presented do not sufficiently
characterize the carcinogenic or chronic
toxic effects of DCE. However, the
available information does suggest that
DCE is carcinogenic in animals.
Additional information on the chronic
toxicity and carcinogenicity of DCE from
well-conducted animal bioassays and
human epidemiological studies using
various routes of exposure would be
useful in predicting the likelihood that
such effects occur in humans." (Draft

at p. 73).

The present database for VDC oncogenicity and chronic

effects consists of 18 long-term studies.

The Panel

believes that the characterization of this database in the

Draft as "sparse and limited in . . . usefulness" seriously

misrepresents the weight of evidence. VDC was shown to

produce tumors in only one sex (male) of one strain (Swiss)

of one species (mouse). Contrary to the statement contained

in the Draft, the data in these studies do sufficiently
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characterize the carcinogenic or chronic toxic effects of
VDC and indicate that VDC is not likely to pose a
carcinogenic risk to humans.

The Panel submits that the objections posed by the

Draft to the 17 negative long-term toxicity and/or

oncogenicity studies are insu: ient to demonstrate that
this enormous data base cannot nle the Administrator to
make a reasonable determinatio. . whether of exposure to

VDC presents a significant health risk. Moreover, the
existing data regarding metabolic and pharmacokinetic
species differences and regarding the mechanism of toxicity
in the mouse provide a reasonable basis to predict that
humans are unlikely to exhibit health effects comparable to

the mouse.

b, The CMA-sponsored studies were
well-d ned and well-conduct

Two studies were performed for the CMA VDC Panel
to assess the effects of VDC inhalation and ingestion in
drinking water on Sprague-Dawley rats: McKenna et al.
(1982) (published as Quast et al. (1986)); and Quast et al.
(1983). The Draft fails to specify which studies suffer
from which alleged defects. (See pp. 34, 46). It suggests
that the maximum tolerated dose may not have been achieved
and that otherwise "inadequate test conditions" might

explain the results.
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The Panel submits that these studies were well
designed and conducted and, along with the NTP biocassay and
the comparative pharmacokinetics, metabolism and mechanism
of action studies, can provide a reasonable basis for a
determination of significant risk.

The extensive data base on comparative
pharmacokinetics and metabolism of VDC and the mechanism of
action data indicate that the mouse is uniquely sensitive to
the effects of VDC. The Panel believes that the long-term
inhalation and drinking water studies using Sprague~Dawley
rats (Quast et al. (1983), McKenna et al. (l1982)) are
appropriate for the purpose of assessing the risk for man.

The exposure period of the CMA inhalation study
was 18 months, with a final sacrifice at 24 months. The
normal lifespan of the Sprague-Dawley rat is considerably
shorter than the Fischer 344 rat used by the NTP. In fact,
the exposure period of the Sprague-Dawley rat in the
inhalation study, 18 months, covered a portion of the
animalg' life~span comparable to the portion of the Fischer
344 rat life span covered by the 2-year exposures. The
historical survival data on Sprague-Dawley rats at the
laboratory in which the long-term inhalation and drinking
water studies were conducted were, for males, 40-81% at 18

months and 6-24% at 24 months. The survival of male and

SL 064599




- 16 -

female Fischer 344 rats was 75% at 24 months. On the basis

of the exposure time, the inhalation study on the Sprague-

Dawley rat is believed to be appropriate for assessing the

potential risk to man from exposure to VDC.

The dose levels for the long-term inhalation study
using Sprague-Dawley rats, 25 and 75 ppm, were sufficiently
lower than the concentrations, 125 and 200 ppm, which caused
hepatocellular necrosis after 30 days exposure in the female
Sprague-Dawley rat (Quast (1976)) so as not to compromise
the interpretation of the study outcome. 1In both the
inhalation and drinking water exposure regimens using the
Sprague-Dawley rat, the criteria for maximum tolerated dose
accepted in the EPA position paper on MTD were satisfied.
The statement in the Draft that "[c]linical signs of
toxicity were not generally observed" (p. 46) is not
applicable to this study. The presence of vacuolization and
fatty infiltration of hepatocytes are conditions that
indicate that a MTD was achieved under the criteria set
forth in the EPA position paper. See Harris, J.E. et al.
(1986). Position Paper on Maximum Tolerated Dose in
Oncogenicity Studies at p. 5.

This study represents the longest inhalation
exposure duration (18 months) used in a laboratory

investigation on toxicity and oncogenicity of VDC to date.
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No oncogenic response was noted in this study, in spite of

what amounted to a lifetime exposure for the Sprague-Dawley
rat.

c. The NTP studies were conducted at
concentrations selected according
to EPA criteria

Contrary to the suggestion in the Draft, the
design of the NTP studies has been accepted by EPA. The
only objection raised by EPA in its Health Assessment
Document was the suggestion that the biocassays may not have
utilized a sufficiently high dose for either species. The
doses were questioned because of the lack of an effect on
weight gain or survival in the high dose population. EPA
did note, however, that the cumulative dose of the NTP high
dose mouse study was roughly equivalent to the high dose of
the Maltoni inhalation study. EPA only suggested that the
route of administration and the strain of mouse used might
have made a difference in the results because of differences
in distribution and metabolism.

The Panel submits that the NTP studies were
conducted with an appropriately high dose, based upon the
findings in the subchronic phase of the studies and in
accordance with EPA's criteria. The dose levels were based
upon levels which had produced body weight changes and

histopathologic observations. The NTP studies, along with
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the Quast et al. (1983) study, can be used for risk

assessment purposes.

a. Other studies also
provide valuable data

The Draft unfairly dismisses the contributions
that the extensive data base can make to the weight of
evidence present on the toxicity and oncogenicity of vDcC,
stating merely that the existing studies are inadequate. On
the contrary, inhalation studies by Lee et al. (1978) and
Hong et al. (1981) provide evidence of differences in
species and strain sensitivity to the effects of VDC
exposure., In these inhalation studies, exposures to 55 ppm
vDC for 6 hours/day, 5 days/week for 12 months and 6 months,
respectively, demonstrated no statistically significant
differences in tumor occurrence between the exposed and
control CD-1 mouse strains. The exposure duration in the
Lee et al. (1978) study was equivalent to that in the
Maltoni Swiss mouse study, while the dose was more than
twice the dose that Maltoni et al. found as producing
significant tissue injury and kidney adenocarcinomas in the

Swiss mouse.
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e. Metabolism and pharmacokinetic
data provide a good framework to
evaluate the mouse data for

possible relevance to humans

The Panel submits that, given the extensive data

on the pharmacokinetics and metabolism of VDC, the potential
biological effects in man versus the rat and mouse are
predictable on a comparative physiologic and metabolic
basis. Accordingly, the Draft should conclude that a
reasonable prediction of human health effects can be made on
the basis of existing data. A large number of distribution,
excretion, metabolism and oncogenicity studies have already
been conducted, and the results of these studies have been
summarized by EPA in the Health Assessment Document and the
1985 Drinking Water Criteria Document.

A consensus has developed among scientists who
have studied the matter, including EPA scientists, regarding
the mechanism by which the tumors were produced in the
Maltoni Swiss mouse study. The oncogenic response, or lack
thereof in species studied correlates with the extent to
which the species metabolizes VDC to its toxic metabolites.
An increased production of toxic metabolites in the mouse
causes an increase in several toxicity endpoints. The
oncogenic response in the Swiss mouse correlates with a high

level of toxicity. The absence of an oncogenic response in

other species correlates with lower levels of toxicity,




_20_

which in turn correlate with reduced production of toxic
metabolites.

Animal biocassays with VDC have been uniformly
negative, with one noteworthy exception. The suggestion in
the Draft that the Maltoni rat inhalation study provided

"some evidence" of carcinogenicity (p. 32) represents a

serious mischaracterization of the results of that study.
The Draft accurately points out the serious flaws in the
Maltoni rat study (p. 33). 1In view of those flaws, the
document should not characterize the study as producing
"evidence of a carcinogenic effect associated with DCE
exposure" (p. 32).

Tumors were produced in the kidneys of Swiss mice
in the Maltoni inhalation study. However, as the Draft
notes, these effects were accompanied by severe toxic
effects. Indeed, they were seen at concentrations of VDC
that were notably toxic and near the acutely lethal
concentration. 1/ There exists considerable evidence of the
greater sensitivity of this strain of mouse to VDC. This
single positive oncogenicity study appears to be related to

the significant tissue injury in male mice exposed to VDC.

1/ Maltoni et al. (1985) reported a high degree of
toxicity and mortali“ - within one week at 200, 100 ppm

and 50 ppm in the Swiss r .se. See EPA's Health Assessment

Document for Vinylidene C. .oride, Table 10~26, at page 10-91.
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Attached as Appendix A is a data review entitled
"Interpretive Review of the Animal Toxicological,
Pharmacokinetic/Metabolism, Biomolecular and In-Vitro
Mutagenicity Studies on Vinylidene Chloride and the
Significance of the Findings for Man" by J.M. Norris and
R.H. Reitz ("Interpretive Review"). The Interpretive Review
contains a comprehensive overview of data relevant to an
effort to extrapolate from existing animal data for human
risk assessment purposes.

EPA scientists have also recognized how well-
characterized the mechanism of VDC toxicity is. 1In its
draft Drinking Water Criteria Document for VDC, EPA stated:

"Very little is known about the

mechanism of toxicity of cis- and trans-

1,2-DCE. However, there has been

considerable work directed toward

defining the mechanism of toxicity of

1,1-DCE. . . . ([M)ost of the acute and

long-term toxic effects observed, e.g.,

hepatotoxicity, renal toxicity,

mutagenicity and carcinogenicity, are

due probably to the formation of toxic

metabolites." 2/

As the Interpretive Review explains, data clearly

demonstrate that VDC is metabolized much more rapidly by

2/ E.P.A., Office of Drinking Water, Draft Criteria

Document for the Dichloroethylenes (1,1-Dichloro-
ethylene, cis-1,2-Dichlorcethylene, and trans-1,2-
Dichloroethylene) September 1985 ("EPA Criteria Document"),
at ViIi-1.
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mice than by rats.3/ It has been shown that there are much
higher levels of covalently bound VDC metabolites in both
the liver and kidney of mice than in the same organs of
rats.4/ The formation of substantially large amounts of
toxic metabolites in the mouse explains the greater toxicity
of VDC to the mouse than to the rat.

The EPA Criteria Document r :ed:

"It is generally believed that reaction

of these metabolites, i.e,, 1,1-

dichloroethylene oxide, chlorocacetyl

chloride and chloroacetic acid, with

macromolecules leads to the observed
toxic effects: hepatotoxicity, renal

toxicity, mutagenicity, and
carcinogenicity." (Id. at VII-3
(emphasis added)).

It also noted the many studies that have ghown that mice are
far more susceptible to kidney damage from VDC than are
rats. (Id. at VII-5).

The extensive bicassay data confirm EPA's
observation, quoted above, that the reaction of vDC
metabolites is generally believed to be the cause of the
observed toxic effects. Thus, no significant increase in
tumors was shown in Maltoni's inhalation study with Spragque-

Dawley rats, in his inhalation study with Chinese hamsters

3/ Jones, B.K. and Hathaway, D.E. (1978). D’fferences in
metabolism of vinylidene chloride betweer. nice and
rats, Br. J. Cancer, 37:411-417.

4/ EPA Criteria Document at VII-4.
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or in his gavage study with Sprague-Dawley rats. It was
only in his inhalation study with Swiss mice exposed to the
nearly lethal dose of 25 ppm that an increase in kidney
adenocarcinomas was observed. No other studies were
positive, including an inhalation study with Wistar rats,
Viola, P.L. and Caputo, A. (1977) an inhalation study with
Sprague-Dawley rats, id., an inhalation study with CD-1
mice, Lee et al. (1978), an inhalation study with CD rats,
id., another inhalation study with Sprague-Dawley rats,
McKenna et al. (1982), an ingestion study with Sprague-
Dawley rats, Quast et al. (1983), another inhalation study
with CD mice, Hong et al. (1981), another inhalation study
with CD rats, id., a skin application study with Swiss

mice,5/ a subcutaneous injection study with Swiss mice, Van

5/ Van Duuren et al. (1979). The Draft cites the Van

Duuren skin application study suggesting that VDC acted
as a tumor initiator. Results of a study for complete
carcinogenic activity also conducted by Van Duuren were
negative. The aforementioned tumor initiation study should
not be cited as suggestive of VDC's carcinogenicity. EPA
has concurred in this determination:

"The relevance of positive results in
this tumor initiation study with regard
to the assessment of human health
effects is not clear, particularly since
complete carcinogenic activity could not
be demonstrated. Maximally tolerated
doses, estimated from preliminary short-
term tests, were used in the tests for
carcinogenicity performed by Van Duuren
et al. (1979)." (EPA Health Assessment
Document at 10-124).
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Duuren et al. (1979), a third inhalation study with
Sprague-Dawley rats, Maltoni (1977a), a gavage study with
Sprague-Dawley rats, Maltoni et al. (1977b), a gavage study
with Fischer 344 rats, NTP (1982), and a gavage study with
B6C3F1 mice, id. See infra, pp. 29-31.

In view of the disparity between the mous: kidney
adenocarcinomas and the results in seventeen other .ong-term
studies, there is now a widely held view in the scientific
community regarding the mechanism of tumor formation in the
mouse study. In addition to the references summarized in
the Interpretive Review, EPA has summarized that view as

follows:

"It has been suggested that
development of kidney adenocarcinomas in
(male] mice is due to the increased rate
of biotransformation of 1,1-DCE in
(male] mice, which produces a hicher
level of reattive intermediates ' irat can
subsequently react with macromc: .cules,
e.g., DNA., A study has been ma 2 of the
potential of 1,1-DCE to cause LC..A
alkylation, DNA repair and DNA
replication in the liver and kidneys of
mice and rats, and these results were
compared with results obtained using the
potent carcinogen dimethylnitrosamine.
Tumorigenic doses of dimethylnitrosamine
produced relatively little tissue damage
but caused a high degree of DNA
alkylation and DNA repair synthesis. In
contrast, tumorigenic doses of 1,1~DCE
resulted in massive tissue damage but
induced minimal DNA alkylation or DNA
repair synthesis. These data were
interpreted as suggesting that tumors
observed in mice exposed to 1,1-DCE
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arise primarily through effects of the

chemical on nongenetic components of

cells." (EPA Criteria Document at VII-

8 (citations omitted)).8/

When this extensive data base is used to estimate
potential risks to man, it can be seen that the Maltoni
oncogenicity data have no known applicability to man. The
rate of oxidative metabolism for halogenated hydrocarbons
such as VDC appears to be related to body surface area,
rather than body mass. Thus metabolic activation would
occur more slowly in man than in small laboratory animals.
This observation is consistent with findings of Reitz et
al. (1980) and Jones and Hathaway (1978), who demonstrated
that the rat metabolizes less VDC than the mouse; Andersen
et al. (1980), who related the slower rate of metabolism of
VDC in man versus the rat to the rate of pulmonary uptake;
and Walker (1978), who reported that significant metabolic
dissimilarities exist between man and the mouse relative to
the monooxygenases which catalyze the metabolism of VDC to
the reactive metabolites.

After summarizing the data showing interspecies

differences in metabolic effects, the Agency noted in its

Criteria Document:

&/ EPA cites Maltoni (1977); Hathaway (1977); Henschler
and Bonse (1977); and Reitz (1980).
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"Since the rate at which an inhaled

chemical is presented to the liver is

related to pulmonary uptake, it would be

expected that the smaller breathing

volume (liters/kg/hr) in man relative to

the rat would produce a corresponding

slower rate of metabolism of 1,1-DCE in

man ... and the formation of smaller

amounts of toxic metabolite(s)." (EPA

Criteria Document at VII-2 to -3).7Z/

Thus, the capability now exists to evaluate the
relevance to man of the Maltoni study and the other
bicassays. EPA's scientists have noted the significance of
the metabolic dissimilarities in the mouse in comparison
with other species. 1In view of the existing data, VDC
toxicity and the potential risk to man are well-
characterized.

Finally, the occurrence of renal tumors in Swiss
mice was accompanied by significant cytotoxicity in the
kidney. When cytotoxicity was absent or min- 21l (at lower
doses or in other species), oncogenicity was ..ot observed.
Consequently, it appears likely that induction of
cytotoxicity is associated with an increase in the incidence
of tumors.

The extensive data available from pharmacokinetic

and metabolism studies provide a framework by which to

understand the species and strain differences observed in

1/ EPA cited Andersen et al. (1980).
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the large chronic data base. Similarly, these data may be
used to better understand the relevance of the mouse tumor
data to man.

2. Extent of Exposure

The data presented in the Public Health Statement
(p- 1) with regard to air concentrations within
manufacturing facilities are out-dated. Data submitted by
the manufacturers to EPA on September 19, 1988 indicates
that employees' potential 8-hour TWA exposure to VDC ranges
from non-detectable to 31 ppm. The mean exposure is
considerably less, and the 31 ppm represents an unusual
condition in a single plant, and not normal operation. Data
submitted by the manufacturers indicates that the average
exposure in all exposure scenarios in manufacturers' plants
is less than 1 ppm for one manufacturer and approximately
1.3 ppm for another manufacturer (excluding two off site
samples). It is also necessary to clarify to readers of the
Public Health Statement the likely significance of extremely
low levels.

The statement at page 2 that VDC has been
measured in food stuffs wrapped in plastic food packaging
films at concentrations '"that range from less than .005-0.01
ppm" should be clarified to indicate that VDC has not been

found in all measurements of food gtuffs wrapped in these
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films. Thus, the concentrations range from 0 or non-
detectable to 0.01 ppm. Unless such a change in made, the
Draft suggests that VDC has been measured in every food

sample.

The Draft recognizes that "enough information is

available" on production use and release of VDC. However,
it suggests that more information on how much VDC has been
disposed at hazardous waste sites and how much has been
abandoned "would be useful" (p. 82). While additional
information would always be '"useful," the key issue for the
Draft is whether "adequate information . . . is available .
. . to determine levels of exposure which present a
significant risk . . . ." 42 U.S.C. § 9604(1i)(3)(B). The
Panel believes that such a determination can now be made
without additional data regarding disposed VDC.

With regard to air emiss s, the Draft cites
EPA's egtimates of total annual air :missions of about 650
tons per year. The Draft accurately notes that more recent
data indicate a reduction in the number of emission point
sources and in the total amount of VDC releagsed. SARA § 313
reported emissions for 1987 amounted to a total of 836,371
pounds. The Panel suggests that this more current

information be used in the Draft.
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The Draft should also be updated with the benefit
of CMA's survey data generated and submitted to the EPA
Office of Toxic Substances. Those data indicate that
approximately 103.4 tons per year is released from
manufacturing and using facilities.

3. Developmental Effects

The Public Health Statement unfairly states (at p.
3) that birth defects have been noted in the offspring of
pregnant animals exéosed to VDC. The notation that
"[s]ickness of the mothers was also often observed" does not
adequately explain to the lay reader the significance of the
maternal toxicity findings. Similarly, the reference ip
Table 1-2 to 15 ppm as causing toxicity to mice fetuses and
the discussion at pages 30, 52 is misleading.

One study relied upon by the Draft is Short et
al. (1977a). The EPA Health Assessment Document stated,
with regard to the Short study:

"[A] conclusion of teratogenicity is

weakened by additional effects on the

pups as a result of maternal toxicity at

nearly all concentrations of vinylidene

chloride used." (Health Assessment

Document at p. 10-61).

Another study cited is Murray et al. (1979).

Although wavy ribs and delayed ossification in rat fetuses

are mentioned in the Draft (p. 30), there is no mention of
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the following statement in the EPA Health Assessment

Document:

"Wavy ribs and delayed ossification were
interpreted as fetotoxic and embryotoxic
manifestations of maternal toxicity at
the higher exposure levels." (Health
Assessment Document at p. 10-63).

Finally, the Draft refers to "increased resorption

and skeletal alterations in rabbit fetuses" (p. 30). The

EPA document states:

"Again, the fetal anomalies observed in

rabbits were attributed to maternal

toxicity rather than to a teratogenic

effect of vinylidene chloride." (Health

Assessment Document at p. 10-65).

The Panel submits that a fair and accurate
presentation of developmental toxicity data must include a
clear discussion of the complications caused by the maternal
toxicity. The EPA Health Assessment Document may provide a
good model for such a discussion.

The Draft at page 74 correctly notes that adequate
information exists, but states that the data support the
conclusion that developmental effects "are most likely to
occur in humans." While the effect of maternal toxicity is
stated, the Draft implies that developmental effects will
occur without maternal toxicity. Such a suggestion is

totally without support in the database. A more accurate

statement would indicate that developmental effects may
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occur in humans at exposure levels that cause toxic effects
in the mother.

4. Reproductive Effects

The Draft claims (at pp. 73~74) that a standard
reproductive effects study of inhalation has not been
conducted and "would be useful." The Panel believes that
VDC has been adequately tested to determine whether it
poses a significant risk of reproductive effects. The Short
et al. (1977) studies described at page 31 provide an
adequate basis to assess the reproductive effects of
inhalation exposure.

5. Neurolo ects

The Draft states that inhaled VDC "can induce
neurotoxicity after short-term exposure" (p. 23) and that
central nervous system toxicity has been observed (p. 52).
The data described at page 29, however, indicate that the
effects observed cannot be properly characterized as
neurotoxic. The symptoms are better characterized as
inebriation.

The data needs section states at page 74 that
information is available, but that "more information would
be useful in assessing the neurotoxic effects of prolonged
exposure to [VDC]." The Panel believes that this is another

example of a data needs evaluation that is not designed to
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fulfill the purposes of the tox profile. Clearly, adequate
information exists to determine whether VDC exposure causes
a significant health risk. Prolonged exposure effects may
be of interest in a hypothetical evaluation, but are of no
relevance to a realistic risk assessment.

If the two cases of persistent cranial nerve
disorders (p. 29) were more likely due to
dichloroacetylene, it is inappropriate to mention them in
this VDC Draft. The reference should be removed.

6. Miscellaneous Comments

The Draft should reflect the fact that VDC is also
used as a chemical intermediate, not only as an ingredient
in plastic products (p. 1).

In Section 1.2 (p. 1) it is stated that "[a]ir
concentrations within manufacturing facilities have been
measured from 6 ppm to 1900 ppm which exceeds the levels
observed to affect health in animals." In Section 5.5 (p.
90), other exposure data are presented which indicate that
typical VDC exposures are far lower (<5 ppm). The 1900 ppm
level is obviously an extreme. 1In these cases, the median
values must be presented to make a meaningful judgment. It
also is not stated whether this exposure level was over an
8-hour work day or was a short term excursion. Lastly, OSHA

has recently established a Permissible Exposure Limit of 1
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ppm (8-hr. TWA) based on toxicity, not on carcinogenicity.

As noted above, however, workplace exposure is already

maintained at about this level.

In the last paragraph in this section, potential
exposure to VDC from plastic packaging films is discussed.
In addition to the data presented, it should also be
mentioned that these packaging uses are regulated by the FDA
and that small VDC residuals are considered by the FDA to
present no hazard to the consumer,

In Section 1.3 (p. 2) it is stated that VDC "can
probably also enter the body through the skin." No data to
support this statement are presented in Section 2.2.3, and,
therefore, this statement is inappropriate for Section 1
(Public Health statement) and should be removed.

In Table 1-1 (p. 5) it should be noted that these
levels are extrapolated from animal data. If they are, the
use of the term "short-term exposure" for exposures less
than 14 days becomes meaningless for health effects
information, especially when the document cites exposure
levels of 500 and 4000 ppm. Clearly, these exposure levels
are well above the permissible exposure limit (1 ppm) and
ACGIH TLV (5 ppm), and it is unrealistic to imply that these

levels should or could be endured for up to 14 days.
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In the second sentence of Section 2.3 (page 48),
possible human exposure situations are listed. 1In

discussing the potential for human exposure, it should be

pointed out that the levels of exposure will vary greatly
from situation to situation and even within each situation
for different individuals.

In the next paragraph the effects of metabolisn
are briefly reviewed. However, one observation discussed in
Section 2.6.3 (p. 65) is omitted here. That is the
observation that though the pathﬁays are similar in the rat
and mouse, the rate of metabolism was greater in the mouse
(resulting in a greater concentration of toxic metabolite).

In the second paragraph on page 82 it is stated
that VDC has been found at 16% of all hazardous waste sites.
It would be helpful to.know at what level VDC was found.

In the last paragraph in Section 1.6, Minimal Risk
Levels (MRL) are discussed. The reader is referred to
Section 2 for information on how MRL's are derived. Since
Section 1 is designed to stand alone, it should be made
clear in this section that these values are derived by
applying safety factors to LOAEL's. It should also be

pointed out that actual risk levels are unknown and, in

fact, may be zero.
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In the third paragraph on page 27, it is concluded
based on animal studies that "humans are at risk for DCE-
induced liver toxicity following inhalation exposure to this
chemical." As with all chemicals, it is "excessive"
exposure that may result in liver effects. The word
"excessive" should be inserted in this sentence, or the
exposure levels resulting in human liver effects should be
indicated if known.

In the third paragraph on page 43 the study by
Nitschke et al. is cited. The sentence reads "Nitschke et
al. (1983) observed fatty changes in the liver of rats
exposed to DCE in the drinking water at levels equivalent to

7 mg DCE/Kg body weight/day in vitro, during lactation, and

through weaning into adulthood." What is the meaning of "in
vitro" in this statement? It would appear to be an error
since the study was conducted in vivo.

On page 81, 1989 production is estimated at 165-
175 million pounds. The Panel estimates this number to be
230 million pounds.

On page 86, it is stated that "EPA (1983a)
indicates that potentially significant concentrations could
still be reached on an urban and regional scale, in areas
near air emission sources." First, "potentially

significant” is not quantified or defined. In addition, in
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your previous discussion on releases (Section 5.2.1), there
was no data presented to substantiate this claim. Was the

concentration of VDC measured or is this a generalization

based on volatile organic compounds? If there are no data,
then this conclusion is inappropriate and misleading.

On page 88 one study of drinking water supplies is
quoted (EPA 1985a). It would be informative to include the
results of another recent (1984) and comprehensive study.
(J.J. Westrick et al., The Groundwater Supply Survey, J.
Amer. Waterworks Assoc., May, 1984, p. 52-59). In this
survey, a total of 945 samples were analyzed for 29 volatile
organic compounds and five trihalmethanes in finished wastes
from groundwater sources nationwide. VDC was not detected
at the quantification limit of 0.2 ppb in 97.7 percent (923
of 945) of the samples. The maximum value of VDC detected
in 2.3 percent (22 or 945) of positive samples was 6.3 ppb,
with a median value that ranged from 0.28 to 1.2 ppb in four
data subsets. It could also be pointed out that the 6.3 ppb
value is below the 7 ppb maximum contaminant level set by

the Safe Drinking wWater Act.
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in interpretive reviev of the animal toxicologic and related data on
vinvlidene chloride (VDC) is presented. The appropriateness of
extrapclating findings Irom the various laboratorvy animal species to
Ban and the overall isplications of the animal data for man are dis-
cussed. Pharmacokinetic/metabolism and biomolecular events in
rodents exposed to VDC clearly demonstTate the inherent species dif-
ferences which contribute to differences in target organ toxicity
and in a species/strain-specific and sex-related tumorigenic
response. The ctarget organ toxicity in the rodent species is

Telated to the capacity to biotransform VDC to reactive species with

the mouse having a far gTeater Eapacity :hag the rat. The tumori-

genic response to VDC appears to be mediated via a non=-genetic
mechanism, namely, recurrent tissue damage. Han; by virtue of
having a slower rate of oxidative metabolism than eicher rodent
species, is likely to be less sensitive to the toxic effects of VDC
than the rat and significantly less sensitive than the wmouse.
Exposure to VDC concentrations not causing cytotoricity would be

unlikely to result in adverse health effects in man.
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1. INTRODUCTION

Tne results of several long-term inhalation and ingestion studies on
TDC (Ra=py e: al., 1977; Ewxiston et al., 1978; McKenna et al.,
198C; Malreai et al., 1977, 1980; Viola and Caputo, 1577) have showm
that the mouse is mcre sensitive than the rat or the hamster to
texic elfeccs of VDC; mice exposed o 25 ppm showed liver and marked
kidney changes whereas 25 prz exposure of hamsters vas a neo=-toxic
effect concentration and 75 ppm exposure of rats caused only
minimal, reversible liver changes. Furthermore, only following
lifetime exposure of mice to vapor concentrations that were markedly
toxic and near the acutely lethal level (Mal:onivggnga.. 1977, 1980)
was a tumorigenic response observed. Various shorter terz studies
have demonstrated significant differences between the rat and mouse
in the ¢xpr¢ssioﬁ of frank toxicity. The objective of this
interprecive review is to present biological evidence cha: is
relevant to the assessment of safery of man exposed to VDC at
pernissible levels in the workplace, or to trace quantities that may

exist in the ambient enviromment.
2. ANIMAL TOXICOLOGICAL AND RELATED DATA

A. The Mouse i3 More Sensitive to the Toxic Effects of Vinylidene

Chloride Than the Rat or the EHamster.

A direct comparison study to delineate the differences between male

CD rats and wmale CD-1 mice fcllewing exposure to various vapor
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concentrations of VDC up to 60 ppm, 23 bours/day, was conducted by
Shert et al., 1977. After 2 days of exposure to 60 ppm VOC, mor-
tality differences between the species were dramactic, 807 wortalicy
iz the gice and 07 in the rats. VDC was obgerved to produce a
greater effect as measured by elevated serum enzymes, in the liver
of the mice than iz the rats. A dose-related increase in both serum
giutamic oxaloacetic transacinase (SGOT) and sgerum glutamic-pyruvic
tTansaninase (SGPT) occurred in mice exposed to VDC for ome day.
The serum enzymes in the rarts wvere also increased, however, the
increase, vhich was evident after the 2nd day of exposure to 60 ppm,

was not nearly as large as that observed in the mice (Table 1).

*  TABLE | !

Effece of Vinylidene Chloride Exposure on Serum Enzymes
io Male Rats and Mice

VDC - (pom)
Days Serum Rats® Hicab

Evposure Enzvyme =0 60 0 %0
1 SGOT 66210 7426 5628 19462271
SGPT 28 2 fhz?7 3226 30432209
2 SGOT 63= 4 264233 82230 7512150
SGPT 342 4 198229 38=4 11122226

3 SGOT 8lz 4 238247 64214 no sur-
SGPT 34z 6 122229 2922 vivors

“Control and 60 ppm n = §,

b
Control n = 4 or 5; 60 ppmday | n = 4, day 2 n = 2,

Adapted from Shor: ec al., 1977
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The toxicity to the liver of the mice and rats as revealed by the
e_evation of serum enzymes, was confirmed bv Listopathologic obser-
vitioms. Examination of kicdner tissue of the CD~1 mice showed the
Ridrney also tc be a target corgan with all the 2ice exposed to 13, 30
cr 60 ppm VDC having severe tubular necrosis after ! or 2 davs of

exposure; no kidney tozicity was cbserved in the rats at 60 ppm.

longer-~ter= exposure of Sprague-Dawley, CD and adlderley Park rats to
V2C via inhalation or ingestion likewise revealed the liver to be
the carget organ in this species. Specifically, the resulcs of &
50-day toxicity dinhalation study and a two-vear toxicity and
oncogenicity study of Sprague-Dawley rats to 25 or 75 ppm VDC, 6
hours/day, 5 days/week, showed a minimal exposure-related effect
characterized as a wmidzooal hepatocellular farty change. This
chmgewo;:um& after 30 and 90 days in the 90-day study and after
3, 6 and 12 wmonths in the 2-year study (Balmer at al., 1976; McKenns
et al., 1980). The non-progressive liver change in the rats was
teadily reversible on cessation of the exposure after 18 months in
the 2-year study (McKenna et al., 1980). No -toxicologically
significant exposure-related changes vere observed in serum enzymes

values in either study.

Lee et al., 1977 reported that the liver of CD rats exposed to 55
ppm VDC, 6 bours/day, 5 days/veek for periods up to 12 months,
shoved sarked or severe focal, disseminated vacuolization indicative
of fatty change. No persistent change was found in serur enzyde

vaiues. Gage, 1970 reported that Wistar-derived Alderley Park rats
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exposed to 500 ppe YDC, 6 hours/day, 5 days/veek for 4 weeks showed
liver cell degenerative changes whereas at 200 ppm no liver toxicicy
1vis observed. Serum enzvmes determinztions were not made im this

study,

A 90-day toxicity stulr ipcorporating VDC in the drinkimg water of
Sprague~Dawler rats a:t concexztrations of 60, 100 or 200 ppm (equiva-
lent average coses 6, 10 or 19 mg VDC/kg body weight/day for male
Tats and 8, 13 or 26 mg/kg/dav for female rats) showed mirimal
hepatocellular fatty changes in rats ingesting 200 ppm VDC. The
changes were not progressive in nature as demonstrated by the re-
sults of the 2-year toxicity and oncogenicity drinking water study
conducted at the same concentrations (Humiston et al., 1978). The
group of male rats ingesting 200 1423 VDC over a 2«year period
shoved, in addition to minimal hepatocellular changes, an increased
incidence of periporral hepatocellular hypertrophy. The famale rats
at all dose levels shoved minimal hepatocellular fatty change and

periportal hepatocellular hypertsophy.

Species differences were likawise observed relative to the maximum
dose tolerated by rats and mice in inhalation studies conducted.
Specifically, histopathologic examination of animals on these
studies established thatr 25 ppm in the mouse and 200 ppm 4in che
Sprague~Davley rat exceeded the maximum tolerated dose. Long-term

studies on racs, Sprague-Davley and Wistar, revealing that the

nignest level of inhaled VDC tolerated by rats was less than 200 ppm

SL 064628




-6~

vere reported by Maltoni et al., 1977, 1980; Viola and Caputo, 1977.
After only two sequentcial dailv exposuTes of 4 hour duration to 200
rPe, VDC produced strong toxic effects, namely, fatty degeneTration
in the liver and early necrotic changes of renal cubuli 4in the
Sprague-Davley rar (Malconi et al., 1977, 1980). The highest
"pearable"” level for prolonged exposure was 150 ppz. Likewise,
Ticla and Capute, 1977, reported that the high exposure level in
their original study om Wistar rats wvas lovered from 200 ppm to 100
pre in the 6th month to aveid toxic reactions from occurring during
the rezzinder of the l2-month study. A second study by these
investigators was conducted on the Sprague-Dawley rTat at 100 ppm and
75 ppm VDC; the pathologic findings in this study have not been

Teported.

A study on Swiss mice revealed high mortality and severe toxic ef-
fects as a result of exposure, 4 hours/day, te VDC vapor concentra=
tions of 200 or 100 ppm for 2 days, and of 50 ppm for 4 days, and
the mice sxposed to 25 ppm reportedly showved severe toxic effects in
kidoeys and liver (Maltoni et al., 1977, 1980; Maltoni, 1977a).
Based on the severity of the histopathological changes, 25 ppm was a
concentration that exceeded the currently ascceptable maximum

tolerated dose for mice on a long-term study.

SL 064629




The Response Observed in Swiss Mice is Species/Strain-, Sex-

w

and Dose-Related.

The respence in the Kidney ol Swiss mice is apparently uligue to
that strain and is asscciated vith the degree of toxicity expressed
in the targer organ. Strain specific toxicity data reported from
twe comparisor studies revealed exposure-related signs of towmicity
ineluding mortality, lowered mean body weights, increased liver and
kidney weights and increased serum glutamic prruvic transaminase
vith significant differences existing betwaen the sexes (Maltoni,

1977a; Henck et al., 1980). Malconi, 1977a repértcd a sex-talated

difference in wortality in the various strains exposed te 200 ppn'

VDC, 4 hours/day for 2 consecutive days. Mortality among the male
mice, and particularly the Balb/c and Swiss male mice was graater

than that of the females:

TABLE 2

Mortality in Various Strains of Mice Exposed
to 200 ppm Finylidene Chloride

Mortalitv Rate

Mouse Strain Male Female
Balb/c 24/30 0/30
Swiss 51/60 0/60
C3H 17/30 11/30
C57316 7/30 0/30
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The zajor histopathologic ckang s in these Strains of mize reported-

1y oceurred in the kidneys and liver with the Swiss male mice

‘l

shewing & sarked elflecrt,

A ce=patiscn studvy hag been conducted on four srrains of nmice,
2 (ZR), 56C3Fl. CD-1 and CT-¥, a strain of Swiss-Webscer derived
=ice believed to be genetically cangarable to Maltoni's Swiss mouse
(enck 2t 21., 1980). The mice vere exposed to 55, 100 or 200 ppm
VDC for & hours/dar, 5 consecutive days/week for a total :f 10
exposures. No-exposure related wmortality was observed among the
zice exposed to 53 er 100 épm. At 200 ppz male Ha(ICR), CD-l and
CF-¥ wmice had higher mortalicy rates than the females of the
Tespective strains, but no sev-related differences ia mortalicy was

observed 1? the 3623

Fl mice (Iabl¢_3).

TABLE 3

Mortality in Various Strairs of Mice Exposad
to 200 ppm Vinylidene Chloride

Mortality Rate

Mouse Strain Male Fenale
Ba (ICR) 6/10 4/10
3 C.F 10/10 10/10
cg-3'! 10/10 0/10
CE-W 10/10 1/10

Gross and histopathologic examination of these strains of mice
showved thit the male mice at all exposure levels had a marked degree
of mnephrotexicir~ with remal <failure which accounted for the

Iortalizy. Renal  sxicity was insignificant in all female mice when




zz=-ared to the male mize =X the same s:rain. The cause of death in
the Ez(ICR) and 36C3Fl fezale mice was reportedly associated witch

acute hepatotoxicitr.

The greater sensitivicy of the Swiss mouse, and particularly the
=a2le mouse, to the toxic eliects of VDC has been correlated with a
to=2rigenic response aiter repeated exposure to a concentration of
=3 77=. This concentratics, which was sear the lecthal concentration
(50 ppm) for the Swiss mice, produced marked changes in the kidneyvs
of the mice. Exposure te 10 ppm, a concentration producing sigpifi-

cantly less toxicity, did po: resul: in a rumorigesic response.

No tumorigenic response was observed in a third species, the Chinese
hazster, following inhalation exposure of 25 ppm VDC, 4 hours/day, &
days/week for 1 year and held for 1 year post-exposure period before
terzination (Maltoni &t al., 1977, 1980). No tumorigenic respounse
was observed in Sprague~Dawley rats following exposure to 25 or 75
pr= VDC, 6 hours/day, 5 days/waek for 18 months and held for
observation for an additional 6 months (McKeona et al., 1982).
Likevise no statistically significast 4ncrease in tumorigenic
Tesponse was observed in CD rats exposed to 55 ppm, 6 hours/day,

S‘days/week for 12 months or after 10 monchs of exposure followed by
up te 12 monch observation (Lee et al., 1978; Hong et al., 1981).

No tumorigenic response was observed folleving oral administration

via gevage of YDC in biocassays with the rat or the mouse (NCI, 1980;
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Malteondi Eﬁ.ﬁi" 1877, 1980). NCI, 1982 reported that no gumerigenic
response had been observed iz a 2-yvear study in Fischer 344 rats, at

dose levels, 1 or 3 mg/kg/day, mor in nécsr mice given 2 or 10

1l
mg/kg caily. Malconi et al., 1977, 1980 reporzed no tumorigezic
response in Sprague-Dawiey rats administered via gavage 20, 10 or 5
mg/kg/day and 0.5 mg/kg/day for 4 or 5 dars/veek for 1 year and held
for 1 yvear post-exposure period before termination. Humiston e
ai., 1978 reported no :umo:igeni:lrcsponsc in Sprague-Davley rats

giintained on drinking water contaiaing up to 200 ppm VDC and pro-

viding doses as high as 26 mg/kg/day.

c. The Toxieity and Tumorigenicicy in Mice Correlates With the
Greater Capacity of the Mouse to Metabolize Vinylidene

Chloride.

In an attempt to understand the differences betuveen the mouse and
the raﬁ. studies were designed to characterize the pharmacokinetics
and metabolism in various strains of both rodent species. A compar-
ison of the overall fate of inhaled or ingested VDC in rats and mice
shoved cthat the major differences were quantitative rather than
qualitative. Th; most conspicuous difference was in che greater
axount of the parent compound excreted via the pulmonmary system by
the rat as compared to the mouse following an oral dosa of 50 mg/kg
(Jones and Hathway, 1978a). Tweary-eight percent (28%) of the ad-

ministesed dose of VDC was excreted unchanged via the lungs of
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Wiszar ferived Alderley Park rats whereas in the Aldezley Park mice
only €. of thne aézinistered dose was thus excreted. McKemnaz er al.,
1972 reporzed that Sprague-Davley rats administered the same dose,
30 =g/kg, excrered 197 ef the accinistered dose as unchanged VDC vie

the zu_=cnatr syvstem.

& mzior quaatitative difference in the metabolism of VYDC between the
Tat and zouse was in the considerably greater amount of N-acetyl-S-
cystein] acstyl derivative formed by the mouse (Jones and Bathway,

1978a).

The quantitative differences in the metabolism of VDC betwaen the
spacies are attributable to a combination of physioclogical and bio-
chezical factors. The initial step in the metabolic pathway for VDC
(Figure 1) in mammals appears to be the epoxidation of VDC catalyzed
by microsomal monocoxygenases with further bictransformation, via two
pathvays, one to chlorocacetic acid via rearrangement of the mecabo-
lice (I) 1,l-dichlorcethylene oxide to (II) chloroaceryl chloride
and (IIl) monochlercacetic acid, and the other ultimacely to the
glutathione conjugate, Neaceryl-S-cysteinyl acetyl derivative, (IV)
N-aceryl-S=(carboxvmethvl) cysteine, catalyzcd by glutathione-S-
transierases vhich are thought to have a physiological role in
initiacing che detoxification of potential alkylating agents
(Boyland and Chasseaud, 1969). Specific epoxide-hydrating pathways
appear o be of minimal significance in the metabolism of VDC to
Teactive species (Andersen et al., 1980). Since the mouse possesses

Bigh momocxvgenase activity relative to the rat (Oesch ecr al., 1877;
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Oeszh, 1873), a greater prepertion of VDC adzinistered to the mouse
is mezabclized to the reactive metabolite, 1,l-dizhleroethylene
cutie, The relative proporiions of the N-acetyl-S-cysteinyl acetyl
¢erivative arising through the reaction e¢f 1,l-dichloroechylene
cxide with glutathione, in the mice and racs parallel with activ-
ities cf liver glutathione-S-epoxide transferase in these species
(Harzkawa er al., 1974). Since the douse, hovever, excretes greater
than sxpected amounts of the Ne-acetyl-S-cysteinyl acetyl derivative,
it would apprear that the greater producticn i{s due to the higher
evtochrome P-430 activity vhich is found in the organs of the mouse
(Litterst et al., 1975). This observation (Jones and EHathway,

19782) is comsistent with results of a phamcbkinc:ic comparison

$Tudr reported by McKenna et al., 1977, 1979, in that not only was

metabolism of VDC greater iz the Ba(ICR) mouse than in-

Sprague-Davliey rat exposed to 10 ppm VDC for 6 hours, but the
production of the reactive merabolites in the target tissues for
VDC-induced toxicity was markedly greater in the mouse. The fact
that the enhanced production of reactive VDC metabolite iz the mouse
tissue could not be solely attributed to the increased metabolism of
VDC over that of the rat was indicated on normalization of the
binding data for differences in metabolism. Thus the ratios of
covalently bound 1"C-ac::i.v:lt:}'/r:m of protein in the liver and
particularly in the kidney of the mouse to the total VDC metabolized
by the mouse wvere increased relative to ratios determined for the

rat. The data obtained from this comparison study are summarized

below:
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TABLE 4

4
.Vinvlidene Chloride Metabolisw and Covalently Bound 1 C=Aczivity
in Male Sprague-Davley Racs and Ha(ICR) Mice
(10 pp=, 6 Hour Ezposure)

B

Aniz=al A CovalenE‘Bindinz Ratio
Srezies Metabolized VDC (ug Eq "~ C=VDC/g
(Szrgia) (wg/Ea/kg) Tissue Protein) B/A
Rac

(Sprague- 2.8420.26 Liver 5.28=0.14 1.86

Dawiey) Kidney 13.14=1.25 4.63
Mouse

(Ra(ICR)) 5.2720.74 . Lives 22.2923.77 4.23

Ridney 79.55=19.11 15.09

All values are x = S.E.; o = 4.

Adapted from McKenna et al., 1979

McKenna er al., 1977, 1979 furthermore reported that the time course
for the disappearance of covalently bound lac-ac:ivity from the
liver and kidney of Sprague-Dawley rats and the liver of CD-l mice
axposed to 5 ppm or 100 ppm was consistent with those observed for
normal protein curnover in rodezt tissuas, /2 51=65 hours (Omura
et al., 1967). Hovever, the time course for covalently bound
lbc-aczivicy in mouse kidney was exposure-concentration dependent.
At a cocncentration of 100 ppm the lac-nc:ivity vas persistent (tll2
2500 hours), vheress at 5 ppm the time course was comsistent with
norzal turnover time. The observed enhanced production in the mouse

of covalently bound !

14
C-VDZ/g protein) and particularly in the kidnev (79.55 ws. 1l3.l

l

4
ug Zg C-VDC/g protein) and the dose-dependent time course for

: . A .
disappearance of the L C-aczivity from the kidnev correlate with the

Ac-ac:-vizy in the liver (22.29 vs. 5.28 ug Eq
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reported greater susceptibility of the mouse relative to the rat to
zne toxic eflects of VDC in these targer organs and the tumorigenic
response in the kidneys of Swiss mice following exposure to

conceztrations producing mavied toxicity.

The trancformation of the l,l-dichloroethylene oxide to chloroacetic
acid, via the second pathway, is 4 potentially saturable process
(Hathway, 1977). Therefore since the availability of both 1,1-
dichloroethylene oxide and its rearrangement product, chlorcacetyl
chloride is greater in the mouse than iz the rat due to increased
crtochrome P-450 activity in the mouse, the potential of these reac-
tive species to bind with 'macromolecules is likewise greater. Thus
saturation of the chlorocaceric acid process is likely to be more

significant in the mouse than in the rat (Jones and Hathway, -1978a).

D. The Mechanism of Action for ihc Vinylidene Chloride-Induced

Tumors in the Mouse appears to be Non=Genetic.

The potential of VDC to cause DNA alkylation, DNA repair, and/or DNA
replication with associated tissue damage in the rodent target
organs has been researched in male Sprague-Dawley rats and male CD-1

zice sxposed to 10 ppm and 50 ppm for 6 hours (Reitz et al., 1980).

Overall alkylation of DNA by VDC was mimimal inm both kidney ard
liver of the rat and mice following exposure to 50 ppm or 10 ppw and

D¥a Tepair, measured direczly in the mice, shoved a very small but
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sigmifizant increase only in the kidneys of mice exposed to 50 ppm

ToC (Takle 5).

Tailure <to demonstrate significamt genetic effects at the
sumsrigenic: doses of VDC irc mice suggests that the tumors in the
kifners ¢ mice wvere unlikely to be mediatec by direct genetic

interaction,

There are a variety of indirect processes which can influence the
tuzor incidence during an animal bicassay. One such process is the
g-ccuction of recurrent eytotoxicity with ccncurrcﬁ: cell deach and
subsequent cellular regeneration (Reitz at al,, 1980a; Wacanabe 13

al., 1980). This process is frequently encountered in anmimal

biossays were maximally "tolerated" doses of chemical are administ-

eec in order to increase the chances of deteczing a carcizogenie

Tesponse.

During chronic administration of cytotoxic doses, DNA replication is
stimulated in the affected tissues. Since there iz a tiny, but

till finite chance for error in each replication system, the net
eZfect may be to increase the spontanecus wmutation rate and

ultimately affect the tumorigenic process.

Another consequence of increasing cell division is that the relative
rates of DNA repair and DNA replication are altered. This wmay be
verr important because there is evidence that the existing DNA has

ceen copied during replication. Consequen:lv, repair becomes less
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eifective in protecting cells from the consequences of genetic

dacage afrer celluler replication. It &ppears thz: this type of
crrotexndicity occurs in wmice expesed to vinylidene chloride at near

acutelr-lethal vapor concentrations. eg., 25 ppm.

TABLE 5
DX& Alkylation and DNA Repair in isue 0~ Mice and Rarts
Exposed to Vinylidenme Chleric., Ratio of Treated
Anizals to Controls

DNA Repair Ratio®

Alkvlations/ (Observed /Expected
Species/Exposure/ Nuclcogidc % 952 Confidence
Tissue {(x 107) Limics)
Mouse - 50 ppm
Kidaey 30 1.3820.090*
Liver 6.1 ' 1.1620.363
- 10 ppm
Kidney 11 1.1620.255
Liver 0.94 0.76420.222
Rat - 10 ppm
Kidney 2.0 N.A.
Liver 0.87 N.A.

'Repair ratio of 1.0 indicactes little or no repair is present; any
increase above 1.0 is taken as indication that prior DNA damage
has occurred.

bObservcd hydroxy urea-resistant TdR incorporation to expected using
control daca.

*Ratioc significantly greater than 1.0 (p<0.05, t-test).
N.A. ~ not availabla.

Adapted from Reits ec al., 1980b.
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Reicz e: al., 1980b reported dose-reiated ctissue damage and
tncreased DNA replicaction (Table 6) in the kidners of mice. Zffects
ccmparable to those obseTved in the mouse kidney were not observed

in the liver ¢f eizher species or in the kidneys of the rats.

TABLE 6

DNA Synthesis in Tissnes of Uipylidene Chloride
Ixposed to Rats and/or Mice

VDC Concentration - pom

Mouse Rat
10 50 10
DNA Synthesis®
Kidney 7.72%  24.7% . 2.20%
Liver 1.20 2.45 0.88

Lona synthesis was Ss:inatcd by determining specific radioactivity
of DNA following (°H) thymidine ((°E)TdR) injection. (°H)TdR was
injected 48 hours aiter the treatment suspected of causing cyto-
toxicity. A po:itivuarcspcnsn is indicated by an increased race
of inmcorporation of (“H)TdR into DNA relative to a control gToup,
Tesulting in a ratio greater than 1.0,

*Radio significantly greater than 1.0 (p<0.05, t-tast).

Adapted from Reitz et al., 1980b,

The tissue damage iz the kidneys of mice exposed to 50 ppm VDC for 6
hours determined directly after cessation of exposure at various
times up to 192 hours thersafter showed toxic nephrosis immediately
after exposure, progressive nephrosis at 8 and 24 hours, and regen-
eration after 96 hours. At the 10 ppm concentrazion slight dilatien

and svelling vere observed immediately after exposure with nephrosis

evident after 96 hours post-exposure.
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3. IN=VITRO MUTAGEWICITY TESTS

In=vizro comparisorn surtagenicicy tests conducted on VDC using tissue
extracts from rats and mice have given results consisteat with
species differences otserved in in-vivo studies. Jones and Hathway,
1978> repor:zed that Salmonella typhimurium strain TAL33S and TALOO
exposed to VDC gave a weaklv mutagenic response in the presence of
$§-9 mixture froz morzzl mouse liver or kidney and a strongly
mutagenic response in presence of S-9 mixture from Aroclor 1254~
induced mice. In rats liver preparation from Aroclor-induced
animals, gave a positive, but weak, bacterial mutagenic -response,
while preparations from normal ;nimAls vere inactive. VDC was also
shovn to be weakly positive in Salmonella typhimurium sctraim TA 1535
and TAlOOQ mediated by liver S-9 mixture from a human subject who had
beez on long-term phenobarbitone wmedication, bur no bacterial
mutagenic response was observed in the same test systoms mediation
br liver $-9 mixture from a normal human subject or from normal

WaATROSECS.

4. SIGNIFICANCE FOR MAN

The pnarmacokinetic/metabolisa and biomolecular data on VDC exposed

Tats and mice clearly indicate that ipherent species differencas

contributed the observed differences in target crgan toxicicy,
and in the tumorigenic response in the kidney of the mice following

eXJ0sSure 0 concentrations in evcess of a maximum tolevited dose

SL 064641




-16-

(asscciated with significan: organ toxizy) for a leong-terz study.
The capacity to metabolize YDC to the reactive metabclices
correlated with the sensitivity to the toxic eilects of VDC observed
iz these species. The mouse which has a greater capacity <o
metabolize VDC thar does the czat, is more sensitive to VDC-caused

tissue injury and tumcTigenicicy.

Fer many xenobicties, including the halogenated hydrocarbons, the
rate of oxidative mecabolisc appears to be roughly rvelated to the
body surface area (Weiss et al., 1977; Schmidt~Nielsen, 1970;
Pinkel, 1958). Thus in man, the total amount of reactive species
formed by the metabolism of VDC would be less than that formed by
the laboratory rodents. This observation is qonsistcnt'with the
findings of Reitz et al., 1580 and Jones and Eathway, 1978a, who
dezonstrated that the rat mectabolizes less VDC than the mouse and
Walker, 1578 who reported significant metabolic dissimilarities ex-
ist berveen man and the mouse relative to the monooxygenases which

catalyze the metabolism of VDC to the reactive species.

The correlation betwesn matabolism and toxicity was confirmed at the
zacromolecular level. At concentrations causing degenarative/regen-
etative changes in che kidneys of mice, there was significant
binding of the resctive species to cellular macromolecules, and a
significant increase in DNA replication, with little effect upon DNA
repair. Thus the probable mechanisa of the tumor formation was

shown to be primarily non-genetic.

SL 06464,




The results of the mechanisz studies iadicate that the exposure of
=z to conceztrations which do nor produce eytotoxic effects would
e uniikely to produce a tumorigenic response. Furthermore, the
zetzbolic differences seen in the rodents and mazn make it unlikely
tha: orTgar injury would result from exposure of man to the

concenctration reported in the ambient enviromment or in the

wersplace. The lack of adverse heilth effects reported by Ot: et

22., 1976 in a health survey s:tudy of 135 emplovees exposed to up to
70 opz VDC is supportive of the finding that man is less susceptible

te VDC than the rat and far less than the mouse.
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