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SUMMARY

The teratogenic potential of inhaled or ingested vinylidene
chloride was evaluated in Sprague-Dawley rats and New Zealand
rabbits. Both species were exposed to the test material by
inhalation for 7 hrs/day at concentrations of 20 (rats
only), 80, or 160 ppm. For the ingestion study, rats were
maintained on drinking water containing 200 ppm vinylidene
chloride. The animals received the test material on days 6-
15 (rats) and 6~18 (rabbits) of gestation. A teratogenic
effect was not evidenced in rats or rabbits inhaling up to
160 ppm vinylidene chloride for 7 hrs/day or in rats given
drinking water containing 200 ppm vinylidene chloride.
Toxicity to both the dam and her developing embryo was
observed among the rats inhaling 80 or 160 ppm and among the
rabbits inhaling 160 ppm. At exposure levels which caused
little or no maternal toxicity, 20 ppm in rats and 80 ppm in
rabbits, no effect on embryonal or fetal development was
discerned. Among the rats given drinking water containing
200 ppm VDC, there was no evidence of toxicity to either the

dam or to the developing embryo and fetus.
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INTRODUCTION

Vinylidene chloride (1l,l-dichloroethylene, VDC, CHj=CC12) is

used in the manufacture of various plastics, including films
and coatings for food packaging. Reports on the acute
toxicity of vinylidene chloride in laboratory animals have
indicated moderate toxicity when given by inhalation or by
gavage (Carpenter et al., 1949; Rylova, 1953; Siegel et al.,
1971; Jenkins et al., 1972; Jaeger et al., 1973). Repeated
inhalation exposure to 100 ppm vinylidene chloride for 6 weeks
resulted in some weight loss in rabbits and monkeys, but not
in rats, guinea pigs, or dogs (Prendergast, 1967). Rats exposed
for up to 4 weeks to 500 ppm vinylidene chloride exhibited
nasal irritation, decreased weight gain, and liver cell
degeneration; at 200 ppm, only slight nasal irritation was

discerned (Gage, 1970).

Balmer et al. (1976), recently reported minimal reversible
changes in the liver of rats inhaling 25 or 75 ppm vinylidene
chloride for 90 days. Similar hepatic alterations were seen
in rats maintained for 90 days on drinking water containing
200 ppm vinylidene chloride, but not among those given water
containing 100 ppm or less of vinylidene chloride (Humiston

et al., 1975).
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Vinylidene chloride has been shown to be a weak mutagen in
certain strains of bacteria (McCann et al., 1975; Greim et al.,
1975; Bartsch et al., 1975). This effect was seen in bacterial
systems only under conditions of activation with microsomal
enzymes, implicating a metabolite of vinylidene chloride rather

than vinylidene chloride itself as the causative agent.

A review of the scientific literature on vinylidene chloride
revealed a lack of information regarding its teratogenic
potential. Thus, the studies presented herein were undertaken
to evaluate the potential of inhaled and ingested vinylidene
chloride to adversely affect embryonal and fetal development
in rats and rabbits. For the inhalation studies, both rats
and rabbits were exposed to vinylidene chloride at concentrations
of up to 160 ppm. The Threshold Limit Value of vinylidene
chloride is 10 ppm (ACGIH, 1977). 1In order to simulate
exposure by ingestion, rats were given the test material in
the drinking water. The concentration of vinylidene chloride
given in the drinking water, 200 ppm, was the upper limit of
solubility of the compound in water. These studies were
conducted under the auspices of the Manufacturing Chemists
Association in the Toxicology Research Laboratory, Health

and Environmental Research, The Dow Chemical Company, Midland,

Michigan.
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MATERIALS AND METHODS

Test Material. The test material used for this study was

production grade vinylidene chloride obtained from The Dow
Chemical Company, Midland, Michigan. Each sample of the test
material had a minimum purity of 99.5% and contained 200-400
ppm monomethylether of hydroquinone (MEHQ) to inhibit poly-
merization. Since the vinylidene chloride used in various
copolymers for food packaging applications is distilled to
remove the inhibitor MEHQ, the ingestion portion of the

study was conducted on distilled vinylidene chloride having

a residual concentration of 1-5 ppm MEHQ. Each sample used
for the study was analyzed by gas-liquid chromatography for

determination of impurities (Table 1).

Animals. Adult New Zealand white rabbits (Langshaws Rabbitry,

Augusta, Michigan), weighing 3.4-4.7 kg, and Sprague-Dawley
rats (Spartan Research Animals, Haslett, Michigan), weighing
approximately 250 gm, were used. The day on which sperm
were found in the vaginal smear of rats was considered day
zero of pregnancy; in rabbits, the day of natural mating was
designated day zero of pregnancy. The animals were uniquely
identified by means of an ear punch (rats) or a metal ear
tag (rabbits). Animals were housed individually in wire-

bottom cages and maintained on commercially available
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laboratory animal chow (Ralston Purina Company, St. Louis,

Missouri) and tap water free choice. Animals did not have
access to food or water while in the exposure chambers. The
food and water consumption of rats was measured at intervals

of three days or less during the experimental period.

Experimental Design. In the initial inhalation experiment,

groups of 30 bred rats and 18 bred rabbits were exposed to

160 ppm vinylidene chloride for 7 hrs/day on days 6-15 and
6-18 of gestation, respectively. Subsequently, additional
groups of 30 bred rats and 22 bred rabbits were exposed to
80 ppm. Because some embryotoxicity was observed in rats
exposed to 80 ppm, an additional group of 44 bred rats was
exposed to 20 ppm. Groups of 20-47 bred rats and 16 bred
rabbits were exposed in chambers to filtered room air to

serve as negative controls; there was a separate control

group for each level of exposure.

Pregnant animals were exposed in stainless steel and glass
Rochester-type chambers of 4.3 cubic meter volume under dynamic
airflow conditions. The chamber atmosphere was generated by
metering vinylidene chloride at a known rate into a heated
vaporization flask and then into the airstream being drawn

into the exposure chamber. The concentration of vinylidene

chloride in the chamber was analyzed continuously during
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exposure using an infrared spectrophotometer. The time-
weighted mean analytical concentrations of vinylidene
chloride in the chamber for the 20, 80, and 160 ppm exposures
were 2011, 80+5, and 1586 ppm (mean % standard deviation),

respectively.

For the ingestion study, 26 bred rats were given tap water
containing 200 ppm vinylidene chloride on days 6-15 of
gestation. A group of 24 bred control rats was given tap
water without vinylidene chloride. The water was supplied
from 16 ounce wide-~mouth glass bottles with plastic screw
caps fitted with stainless steel sipper tubes containing
stainless steel balls. The bottles were emptied and re-
filled daily from freshly prepared stock solutions. 1In

an earlier study, vinylidene chloride was determined to be

relatively stable in water for 24 hours.

Maternal and Fetal Observations. Animals were observed

daily throughout the experimental period for indications of
toxicity from the test material. The maternal body weights
of rabbits were recorded on days 6, 12, and 19 of gestation.
The body weights of rats were recorded on days 6, 10, and 16
of gestation. In addition, maternal body weight and the
‘weight of the maternal liver were recorded at the time of

cesarean section, day 21 in rats and day 29 in rabbits.
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On the day of cesarean section, the females were sacrificed
by carbon dioxide inhalation; the uterine horns were ex-
teriorized through a mid~-line incision in the abdominal

wall, and the number and position of live, dead, and resorbed
fetuses were noted. The uteri of apparently non-pregnant
animals were stained with a 10% solution of sodium sulfide

and examined for evidence of early resorption sites (Kopf et

al., 1964); this procedure was conducted for the sole

purpose of determining the percentage of pregnancy, not the

incidence of resorptions. After being weighed, measured

(crown-rump length), and sexed, all fetuses were examined
for external alterations and cleft palate. One~third of the
fetuses of each litter, selected at random, was examined
immediately for evidence of soft-tissue alterations by
dissection under a low power stereo-microscope (Staples,
1974). The head of each rat fetus which was examined for
soft~tissue alterations was placed in Bouin's solution and
subsequently examined by the razor section technique of
Wilson (1965). All of the fetuses in each litter were
eviscerated and placed in 95% ethanol and were cleared and
stained with alizarin red-S (Dawson, 1926) to facilitate

examination for skeletal alterations.

Statistical Evaluation. The incidences of pregnancy and

resorptions were analyzed statistically by the Fisher exact
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probability test (Siegel, 1956). The Wilcoxon test as
modified by Haseman and Hoel (1974) was used to evaluate

the incidence of fetal alterations. Fetal body weights

and body measurements, maternal body weights, weights of the
maternal livers, and food and water consumption data were
analyzed statistically by a one-way analysis of variance
(Steel and Torrie, 1960). The level of significance chosen

for all cases was p<0.05.

RESULTS

RATS

Maternal Toxicity. No maternal deaths were seen among the

rats receiving vinylidene chloride either by inhalation or
by ingestion of the compound in the drinking water. Single
dams exposed to 80 or 160 ppm vinylidene chloride by inhala-
tion delivered a litter prematurely on days 18.and 21 of
gestation, respectively; early deliveries were not seen in
any of the other groups of rats. Sialodacryoadenitis, as
diagnosed by the presence of swollen salivary glands, was
observed in one of the dams inhaling 20 ppm vinylidene
chloride, as well as in one concurrent control dam; this
disease, presumably of viral origin, was not evident among

the other rats.
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The mean body weight of the pregnant rats exposed to 20 or
160 ppm vinylidene chloride by inhalation was significantly
less than that of the concurrent control rats on day 10 of
gestation, (Table 2); at 80 ppm, a significant decrease was
observed in maternal body weight on day 16 of gestation.
Maternal weight gain on days 6-9 of gestation was decreased
in a dose-related manner at 80 and 160 ppm. A significant
increase in maternal weight gain was noted during the post-
exposure period among the dams exposed to 160 ppm. No
significant effect on maternal body weight gain was discerned
among the dams inhaling 20 ppm of vinylidene chloride or

among those receiving the compound in the drinking water.

Inhalation exposure of the dams to 160 ppm vinylidene chloride
resulted in a significant increase in maternal liver weight
relative to body weight, but the absolute liver weight was
unaffected. The maternal liver weight was not altered by
exposure to the lower levels of inhaled vinylidene chloride

or by ingestion of drinking water containing vinylidene

chloride (Table 2).

The amount of food consumed by the pregnant rats exposed to
160 ppm vinylidene chloride by inhalation was significantly
decreased on days 6-8 of gestation and significantly increased

on days 12-14 and 18-20 of gestation (Table 3). At 80 ppm,
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significant decreases in food consumption were seen between

days 6-17 of gestation. Exposure to 20 ppm vinylidene

chloride by inhalation or ingestion of drinking water con-
taining 200 ppm vinylidene chloride had no significant

effect on the amount of food ingested (Tables 3 and 4).

The amount of water consumed by the pregnant rats exposed to

160 ppm vinylidene chloride was significantly greater than
that of its control group throughout days 6-20 of gestation
(Table 3). Significant increases in water consumption were
also seen in the dams inhaling 80 ppm (days 15-17 of gestation)
and 20 ppm (days 12-17 of gestation). Inclusion of vinylidene
chloride in the drinking water did not significantly affect
the amount of liquid consumed by the dams (Table 4). Based

on the amount of water consumed, it was calculated that the
dams given vinylidene chloride in their drinking water
received an approximate daily dose of 40 mg vinylidene

chloride/kg body weight/day.

Embryo-~ and Fetotoxicity: Observations made at the time of

cesarean section of rats are recorded in Table 5. Exposure to
vinylidene chloride by inhalation or by ingestion did not
significantly affect the incidence of pregnancy. A statistically
significant increase in the average number of corpora lutea

per dam was discerned among the rats receiving vinylidene
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chloride in the drinking water but not among those exposed
by inhalation; since the number of corpora lutea is estab-
lished before day 6 of gestation, this increase was not

a compound-related effect. No significant effect on the
number of implantations or on the number of live or dead
fetuses was discerned among litters of rats given vinylidene
chloride by either route of administration. The incidence
of resorptions among the litters of rats exposed to 80 ppm
vinylidene chloride was significantly greater than among the
controls; however, this increase was attributable to a
single 80 ppm-exposed litter in which all of its 13 implan-
tations were resorbed. The incidence of resorptions was
unaffected among the litters of rats exposed to 20 or 160
ppm vinylidene chloride by inhalation or among those re-
ceiving vinylidene chloride in the drinking water. Exposure
to vinylidene chloride by either route of administration did
not alter the fetal sex ratio or body weight. The mean fetal
crown-rump length among the litters of rats receiving drinking
water containing vinylidene chloride was significantly
greater than that of the controls; this parameter was un-
affected among the litters of rats exposed to the compound

by inhalation,

The incidence of major malformations, considered individually

or collectively, among the litters of rats given vinylidene

chloride by inhalation or ingestion was not significantly
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different from that of the concurrent control litters (Table
6). No external or soft-~tissue alteration occurred signifi-
cantly more often among the litters of rats receiving

vinylidene chloride than among the control litters,

Several minor skeletal alterations occurred significantly
more often among the litters of rats exposed to 80 or 160
ppm vinylidene chloride by inhalation (Table 6). At 160

ppm, these included delayed ossification of the interparietal
bone of the skull, unfused parietal and interparietal bones
of the skull, delayed ossification of centra of cervical
vertebrae, and wavy ribs. At 80 ppm, statistically signi-
ficant increases were observed in the following skeletal
alterations: delayed ossification of the parietal and
interparietal bones of the skull, lumbar spurs (bilateral),
and wavy ribs; in addition, the incidence of unfused parietal
and interparietal bones of the skull was significantly
decreased compared to the control value. Fetuses with wavy
ribs were classified as either type I, those in which only a
gentle curve in one or more ribs was observed, or type II,
those in which one or more ribs had either a callous or a
"U"-shaped bend (Figures 1-3). Among the litters of rats
exposed to 160 ppm of vinylidene chloride, the incidence of
type II but not type I wavy ribs was significantly increased;
in contrast, type I but not type II wavy ribs occurred

significantly more often at 80 ppm. No skeletal alteration
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occurred among the litters of rats inhaling 20 ppm vinylidene

chloride or ingesting water containing 200 ppm vinylidene

chloride at an incidence significantly different from that

of their respective control groups.

RABBITS

Maternal Toxicity. Single maternal deaths were observed

in each of the two control groups and in the 80 ppm-exposed

group; two deaths were seen among the rabbits exposed to 160

ppm vinylidene chloride. All of these deaths were associated
with pneumonia, enteritis, or perimetritis, and thus did not
appear to be compound-related. One dam each from the 80
ppm-exposed group and its concurrent control group delivered
a litter on day 28 of gestation, i.e., one day prior to the

scheduled day of cesarean section.

The body weight of the dams exposed to 160 ppm vinylidene
chloride was not significantly different from that of the
controls (Table 7); however, the body weight gain of these
dams was significantly decreased on days 6-11 and 12-18 of
gestation, (during the period of exposure) and significantly
increased on days 19-28 (post-exposure). At the beginning
of the experiment (day 6 of gestation), the 80 ppm-exposed
dams weighed significantly less than the controls. The
maternal weight gain of the 80 ppm-exposed dams was not

significantly different from the control value during the
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period of exposure, but a significant increase was observed

during the post-exposure period.

The liver weight of the dams exposed to 80 ppm was signifi-
cantly increased on both an absolute and relative basis. No
effect on maternal liver weight was discerned among the dams

exposed to 160 ppm.

Embryo- and Fetotoxicity. Observations made at the time of

cesarean section of rabbits exposed to vinylidene chloride

by inhalation are presented in Table 8. The percentage of
pregnancy was not significantly altered by exposure to
either concentration of vinylidene chloride. No statisti-
cally significant effect on the number of corpora lutea,
implantations, or live or dead fetuses was noted among the
rabbits inhaling vinylidene chloride. The incidence of
resorptions among the litters of rabbits exposed to 160 ppm
vinylidene chloride was significantly increased compared to
that of its control group. Among the dams exposed to 160
ppm vinylidene chloride, four exhibited litters in which all
or most of the implantations were resorbed; each of these
four dams also showed a greater weight loss than the other
dams exposed to 160 ppm, losing an average of approximately
450 gm of body weight during days 6-17 of gestation. Among

the litters of dams exposed to 80 ppm vinylidene chloride,
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the incidence of resorptions was slightly lower than that of
its control group. Exposure to either concentration of
vinylidene chloride had no significant effect on fetal body

weight, crown-rump length, or sex ratio.

The incidence of major malformations was not significantly
affected by exposure to vinylidene chloride (Table 9). No
single external alteration occurred at an incidence signifi-
cantly different from the control incidence among the litters
of rabbits inhaling vinylidene chloride. The soft-tissue
examination revealed a statistically significant decrease in
the occurrence of minor satellite vessels branching off the
innominate artery among the litters of rabbits exposed to
160 ppm but not among those exposed to 80 ppm. No other
soft-tissue alterations were observed at an incidence that
differed significantly from the control incidence. The

skeletal examination revealed a significant increase and

decrease in the incidence of 13 pairs of ribs and of delayed

ossification of the 5th sternebrae, respectively, among the
litters of rabbits inhaling 160 ppm vinylidene chloride. At
80 ppm, no skeletal alteration was observed at an incidence

significantly different from that of the controls.

SL 083298




-16-

DISCUSSION

The results of these studies, summarized in Table 10, in-
dicate that vinylidene chloride was not teratogenic in rats
or rabbits inhaling the compound for 7 hrs/day at concen-
trations sufficiently high to produce maternal toxicity. 1In
rats, inhalation of 80 or 160 ppm vinylidene chloride pro-
duced significant maternal effects including decreased
weight gain, decreased food consumption, increased water
consumption, and increased liver weight (160 ppm only). At
20 ppm, the only effects noted among the dams were minor
changes in body weight and in the amount of water consumed.
In comparison, pregnant rabbits inhaling vinylidene chloride
exhibited decreased maternal weight gain at 160 ppm but not
at 80 ppm. A statistically significant increase in liver
weight was noted among the rabbits exposed to 80 ppm vinyli-
dene chloride; because a similar effect was not discerned at
160 ppm, this increase was not interpreted to be related to

vinylidene chloride exposure.

No single major malformation occurred among the litters of
vinylidene chloride-exposed rats or rabbits at an incidence
significantly different from that seen in the control litters.
In addition, the incidence of total major malformations,

when considered collectively, was not significantly altered

by exposure to vinylidene chloride in either species. The
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few major malformations which were observed among the
vinylidene chloride-exposed litters have been noted to occur

among control litters in past studies.

While a teratogenic effect was not observed, some evidence
of embryotoxicity and fetotoxicity was noted in both rats
and rabbits. 1In rats, exposure to inhaled vinylidene
chloride resulted in a significantly increased incidence of
several skeletal alterations at 80 and 160 ppm, which were
maternally toxic concentrations. These alterations included
wavy ribs and delayed ossification of various bones. 1In
addition, a statistically significant increase in the inci~
dence of resorptions was observed among the rats exposed to
80 ppm vinylidene chloride; however, this increase was not
considered to be compound-related because it was attributable
to a single litter which was entirely resorbed and because a
similar effect was not seen at 160 ppm. At 20 ppm, a con-
centration which caused little evidence of maternal toxicity,
no adverse effect on embryonal or fetal development was

discerned.

Rabbits exposed to 160 ppm vinylidene chloride exhibited a
marked increase in the incidence of resorptions. The oc-

currence of resorptions in each litter correlated well with

the degree of toxicity observed in the individual dams.
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Thus, it is not clear whether the increased incidence of
resorptions was due directly to the compound or indirectly
to maternal toxicity. Exposure of rabbits to 160 ppm
vinylidene chloride also resulted in a significant change in
the incidence of several minor fetal alterations, including
an increased incidence of 13 pairs of ribs (the normal
number is 12 or 13) and decreased incidence of minor satel-
lite vessels and of delayed ossification of the 5th sterne-
bra. At 80 ppm, a level which was not maternally toxic to
rabbits, no significant evidence of embryotoxicity or feto-

toxicity was observed.

Most of the fetal alterations which occurred at an increased
incidence in either species were minor variants, commonly
seen in teratologic studies when maternally toxic dose
levels of test agents are employed. However, increased
occurrences of wavy ribs, as seen among the litters of rats
inhaling 80 or 160 ppm vinylidene chloride, are seen less
frequently and appear to be more compound-specific. The
induction of wavy ribs has been associated with several
compounds including insulin (Lichtenstein et al., 1951),
clomiphene and other basic phenolic ethers (Diener and Hsu,
1967) and hexachlorophene (Kimmel, 1972). In the present

study, the incidence of wavy ribs among the fetuses and
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litters of rats exposed to vinylidene chloride was 4 and 33%,
respectively, at 80 ppm and 7 and 38%, respectively, at 160
ppm. The frequency of this alteration among the control
groups from eight other recent studies involving 2,708
fetuses and 229 litters ranged from 0-2% among fetuses and
0-17% among litters. These figures are consistent with the
range of control values in the present study, 0-2% among

fetuses and 0-18% among litters.

The severity of the wavy ribs appeared to increase in a
dose-related manner. At 160 ppm most of the fetuses with
wavy ribs exhibited a callous or even a "U"-shaped bend in
the rib, whereas at 80 ppm a gentle wave in the rib was

seen more often. The increased occurrence of wavy ribs in
rats is regarded to be a manifestation of embryotoxicity but
is not generally considered to constitute a teratogenic
effect (personal communication, J. G. Wilson'). 1In fact,
there is some evidence indicating that wavy ribs are a

reversible phenomenon (Diener, 1973).

To evaluate the embryotoxic potential of ingested vinylidene
chloride, rats were given the compound in their drinking

water at a concentration of 200 ppm, the solubility limit of
the compound in water. No evidence of maternal toxicity or

teratogenicity was discerned among the rats maintained on

!childrens Hospital Research Foundation, Elland and Bethesda
Avenues, Cincinnati, Ohio.

SL 083302




the vinylidene chloride containing water. The only statis-
tically significant response observed among the litters of
rats given the compound in the drinking water was an in-
crease in the average fetal crown-rump length; although this
response was statistically significant, it was not considered

to be toxicologically significant.

Maintenance of pregnant rats on drinking water containing
200 ppm of vinylidene chloride had less effect on the dam or
her offspring than exposure to either 80 or 160 ppm of the
test material by inhalation. The average daily dose of
vinylidene chloride received by the rats given the compound
in their drinking water was calculated to be approximately

40 mg/kg/day. Estimates of the total amount of vinylidene

chloride metabolized in rats indicate that a single gavage
administration of 40 mg/kg vinylidene chloride is approximately
equivalent to a single 7-hr inhalation exposure to 120 ppm

of the compound (personal communication, M. J. McKenna?) .

Thus, the sensitivity of the rat to vinylidene chloride was
apparently greater when vinylidene chloride was inhaled than

when it was ingested.

Diurnal variation in the metabolism of vinylidene chloride

may have been responsible for the apparent route-dependent

’Toxicology Research Laboratory, The Dow Chemical Company,
Midland, Michigan.
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difference in the sensitivity to vinylidene chloride. A major
pathway for the detoxification of vinylidene chloride is
conjugation of a reactive metabolite with glutathione (McKenna
et al., 1977). Levels of glutathione are known to undergo
diurnal variation (Jaeger et al., 1973; Watanabe et al., 1976),

rising markedly during the late evening and early morning

hours (the period during which the rat normally eats and

drinks). Therefore, it is hypothesized that, in the drinking

water study, the available levels of glutathione may have

been sufficient to prevent toxicity; whereas in the inhalation
study, toxicity may have resulted due to the lowered avail-
ability of glutathione during the exposure period (approximately

B:30 AM - 3:30 PM).

In these studies, adult rats appeared to be slightly more
sensitive than adult rabbits to the toxicity of inhaled
vinylidene chloride. However, the susceptibility of the
developing embryo to vinylidene chloride appeared to be
comparable in the two species since embryotoxicity was
observed only at levels of exposure which caused maternal

toxicity.

In conclusion, vinylidene chloride was not teratogenic in
rats or rabbits inhaling up to 160 ppm of the compound for 7
hrs/day or in rats given water containing 200 ppm of the

compound. Some evidence of embryotoxicity or fetotoxicity
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was observed in both rats and rabbits exposed to vinylidene

chloride by inhalation; these effects were associated with
maternally toxic levels of exposure. At concentrations of
vinylidene chloride which had little or no effect on the
dam, no adverse effect on embryonal or fetal development was

discerned in either species.
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TABLE 1

CONCENTRATION OF VARIOUS IMPURITIES IN THE SAMPLES
OF VINYLIDENE CHLORIDE USED FOR THE TERATOLOGY STUDIES

sample I? Sample II  Sample III  Sample IV

Concentration in ppm (wt/wt)b

Vinyl chloride 43 66 N.D. € 25
Trans 1,2-dichloroethylene 109 340 N.D. 9
Cis 1,2-dichloroethylene 32 47 210 0.6
l,1,1-trichloroethane 2 8 20 N.D.
1,1,2-trichloroethane 0.2 0.2 100 N.D.
Monomethylether of 209 400 220 N.D.

hydroquinone (MEHQ)

aSample I was used for the 160 ppm inhalation exposure; Sample II, the 80 ppm inhalation exposure;
Sample III, the 20 ppm inhalation exposure; Sample IV, the drinking water study.

bDetermined by gas-liquid chromotography.

cN.D. = not detected.
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TABLE 2

BODY AND LIVER WEIGHTS OF PREGNANT RATS EXPOSED TO
VINYLIDENE CHLORIDE BY INHALATION OR BY INGESTICN

a .
Route of Exposure Inhalation Drinking Water
ppm Vinylidene Chloride 0 20 0 80 0 160 ] 200
Number of dams 40 40 20 28 17 26 24 26
Maternal body weight (g)
on gestation
day 6 255126b 246127 24415  242x18 278+21 268121 290x13 28430
10 27228 258%23% 264%15 253%23 292124 269+20% 309+16 301+22
16 31029 301424 30719 293+24% 329+18 31424 34820 34226
21 390139 382+30 382+24 36634 40048 3941429 421428 414%35
Maternal weight gain (g)
on gestation
days 6-9 lStle 12+12 20+8 11x14* 14+13 22+10* 19+7 16+18
10-15 37217 44*14 43%12 41+18 36+7 44114 3916 40+14
16-20 8018 80x12 75£15 72%16 64+10 80x11* 7216 72220

Liver weight on day 21
of gestation

absolute® 15.2#1.9 15.1%1.6
relatived 39.0£3.8 39.5:2.9

15.9#1.0 15.7%1.7
41.7+2.5 43.1%3.7

15.9+1.4 16.7+1.9
39.8+2.2 42.5%3.9%

15.9+1.7 15.2#1.4
37.923.9 37.0x3.4

3Rats were exposed to 20, 80, or 160 ppm vinylidene chloride for 7 hrs/day or were given drinking water
containing 200 ppm of the compound on days 6-15 of gestationm.

bMean * 5.D.

cg, mean * S5.D.

dg liver/kg body weight, mean * S.D.

*Significantly different from the concurrent control value by a one-way analysis of variance, p<0.405.

Individual animal data are presented in Table A-1l.




TABLE 3

AMOUNT OF FOOD AND WATER CONSUMED BY PREGNANT RATS EXPOSED TO

VINYLIDENE CHLORIDE BY INHALATION

Food consumption (g)
on gestation days -8

9-11
12-14
15-17
18-20

Water consumption (g)
on gestation days 6-8

9-11
12-14
15-17
18-20

ppn Vinylidene Chloride®

0 70 0 80 0 160
2064°  20%3 2243 18+4% 2243 1846+
2244 2214 2625 20+3% 2244 2116
2624 25%4 25+2 2213% 23+6 263%
2744 2713 2944 27+3% 2745 2914
29+3 2044 2842 274 2644 3618%
42:10° 4287 34512 34x10  40%11  53%13%
4818 5149 50410 4512  38:l6  60%13%
52410  58+9% 53+6 4913 4014 65:10%
64t11  69+10%  59:10  66£7% 5613 76:16%
6229 6410 5816 608 55813 T4+12%

3Rats were exposed to vinylidene chloride for 7 hrs/day on days

6-15 of gestatiom.

Expressed as grams/rat/day, mean % S.D.

#Significantly different from the concurrent control value by an analysis

of variance, p<0.05.
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TABLE 4

LIQUID AND FOOD CONSUMPTION BY PREGNANT RATS
MAINTAINED ON DRINKING WATER CONTAINING VINYLIDENE CHLORIDE

LIQUID FOOD
Days of Vlnylideng Vinylidene
Gestation Control Chloride Control Chloride
b
47+8 50+9 2412b 2343
49+8 49+6
5018 >1:8 } 2443 2343
54+12 51+9
10 53+13 54+12 2442 2443
11 54+14 59+11
12 56+14 59+9 } 2542 2542
13 58+10 59+7
14 59+9 58+12 2742 26+4
15 679 66+12
16
6410 62+19 } 31+8 31+9
17 )
18
62t16 6410 25%7 2418
19
20 54+11 54+9 2413 24+4

aVinylidene chloride was given in the drinking water at a
concentration of 200 ppm on days 6-15 of gestation.

bg/rat/day, mean * S.D.

No values differed significantly from control by an analysis
of variance, p<0.05.
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OBSERVATIONS MADE AT THE TIME OF CESAREAN SECTION OF RATS EXPOSED TO

Route of Exposure
ppm Vinylidene Chloride

Ho. of bred females

No. deaths

Percent Pregnantb

Pregnancies detected by sr.aind

Percent pregnant, totale
Number of litters
Corpora luteafdamf
Implantation sites/damf
Pregnancy wastagef

Live fetuses/litterf
Resorptionsllitterf’g
% Implantations resorbed®
% Litters with resnrptionsg

% Litters toctally resorbed®
Resorptionsflitters with resorptionsg
X Dead fetuses

Fetal sex ratlo, M:F

Fetal body weight, gh

Fetal crown-rump length, rnmh

TABLE 5

VINYLIDENE CHLORIDE BY INHALATION OR BY INGESTION

Inhalationa

Drinking Water

0

20

0

80

0

0

200

47
0

85(40/47)
0

85(40/47)
40
13%2
1243
12
12+3
0.2+0.5
2(9/479)
18(7/40)
0(0/40)
1.3(9/7)
{0/479)
50:50
5.6020.40
43.9:1.1

44
]

91 (40/44)
1

93(41/44)

3(16/478)
28(11/40)
c{0/40)
1.5(16/11)
{0/478)
53:47
5.61+0.28
4£4.0%0.9

21
0

95(20/21)

1

100(21/21)

20
12+2
_l2#2
12
12+2
0.4+0.9

3(8/238)

25(5/20)
0(0/20)
1.6(8/5)
(0/230)
43:57

5.54+0.26

44.411.0

30
0

97 (29/30)¢

1

10G(30/30)

27
1222
11+3

122
104

0.8+2.4

8(24/316)*
39(11/28)

4(1/28)

2.2(24/11)

(0/292)
50:50

5.7220.45
45.1+1.3

18
0

94(17/18)
0

94(17/18)
17
14+2
13#2
1#1
12+2
0.420.7
3(7/216)
29(5/17)
0(0/17)

1.4(7/5)

{0/209)

48:52
5.52+0.26
43.8x0.8

30
0

90(27/30)¢
a

50(21/30)
26
1342
12+2
1:2
1122
0.5:0.7
4{14/305)
42(11/26)
0(0/26)
1.3(14/11)
(0/291)
51:49
5.4710.82
43.6x2.6

27
Q

B9{24/27)
0

89{24/27)
24
12+2
11+3
2+2
1023
0.320.5
3(8/258)
33(8B/24)
0{0/24}
1.0(8/8)
(0/250)
49151

5.7920.44

46.6x2.4

26
0

100(26/26)
0

106(26/26)
25
14+3
1224
313
114
0.41:0.8
4{11/301)
27(7/26)
4{1/28)
1.6(12/7)
{0/290)
50:50.
5.70+£0.30
47 .81 .34

3hred rats were exposed to 20, 80, or 160 ppm vinylidene chloride for 7 hrs/day or were given drinking water containing 200 ppm of the compound

on days 615 of gestation.

No. of females with visible implantation sites at the time of cesarean section/total no. of bred females,

“One dam at the fntermediate and high dose levels delivered a liitter on days 18 and 21 of gestation, respectively; these dams

d

were included in the calculation of the pregnancy rates.
No. of females with implantation sites detected only after stalning the uterus with sodium sulfide stain,

Their litters were not examined for fetal alterations.

®No. of females with implantation sites as observed either wvisually at the time of cesarean section or necropsy or

after staining the uterus with sodium sulfide stainftotal no. of bred females.

Mean * 5.D.

Resorptions detected only by sodium sulfide stafining were not included in these calculations.

ean of the litter means * S.D.

*Signifi{cantly different from the concurrent control value by Fishers exact probability test, p<0.05.
*%S{gniflcantly different from the concurrent control value by a one-way analysis of variance, p<0.05.
Individual litter data are presented in Table A-2.




TABLE 6

INCIDENCE OF FETAL ALTERATIONS AMONG LITTERS OF RATS EXPOSED TO
VINYLIDENE CHLORIDE BY INHALATION OR BY INGESTION

N

Route of Expv.)sul:ea Inhalation Drinking Water

ppm Vinylidene Chloride 0 20 0 80 0 160 0 200
No. Fetuses/No. Litrers Examined

EXTERNAL AND SKELETAL EXAMINATION 470/40  462/40 230/20 292/27  209/17  291/26 250/24  290/25

SOFT TISSUE EXAMINATION 162/40 158/40 77/20 103/27 70/17 100/26 86/24 100/25

SKULL BONE EXAMINATION 308739 304/3% 153720 189/26  139/17  191/26 164/23  190/24

% Affected (No. Affected)

Total Major Malformations’ S 042 0 0.4(1)  0.7(2)  2(4)  5(14) 0 0
L 5(2) 0 5(1) 7(2) 12(2) 15(4) 0 0
External Examination
Short trunk amnd multiple defects* F 0.2(1)d 0 Y] 0 0.‘0(1)e 0 0 0
L 2(1) 0 0 0 6(1) 0 0 0
Subcutaneous edema F 0 G.2(1) Q 0 4] Q 0 0
L 0 2(1) 0 0 0 0 0 0
Omphalocele® F 0 0 0 0.3(1) 0 0 0 0
L 0 0 0 4(1) 0 0 0 0
Narrow head, pointed snoutk F 0 0 0 0.3(1) 0 0 0 0
. L 0 0 0 4(1) 0 0 0 0
Subcutaneous hemorrhage - F 0.6(3) 0.4(2) 0 0.3(1) 0 0 0.4(1) 1(4)
head, neck, or back L 8(3) 2(1) 0 4(1) 0 4] 4(1) 8(2)
Soft Tissue Examination
Diaphragmatic hernia# F 0 0 1(1) 0 0 0 0 0
L 0 0 5(1) 0 0 0 0 0
Yellow~colored focus on liver F 0 0 0 0 1(1) 0 0 1]
L 0 ¢] 0 0 6(1) 0 Q [}
Hemorrhage, liver F 0 0.6(1) 0 1(1) 0 0 1(1) 0
L 0 2(1) 0 4(1) 0 0 4(1) ¢
Hydroureters F 0 0 0 0 0 4(4) (1) 3(3)
L 0 0 0 0 0 11(3) 4(1) 12(3)
Dilated renal pelvis F 0 0 0 0 1(1) 0 Q 0
' L 0 0 0 0 6(1) 0 0 0
Ectople ovaries® F 1.2(1) 0 0 0 1(1) 0 0 0
L 5(2) 4] 0 0 6(1) 0 0 0
Head - subcutaneous l'leun:nfl'l'lagef F 0.6(1) 0 2(2) 2(2) (1) 0 3(3) 3(3)
_ L 2(1) 0 10(2) 4(1) 6(1) 0 123)  12(3)
Head - thickened dermal and
subcut%neous tissue in gcular F 0 2(3) 0 0 0 0 0 0
region L 0 B8(3) 0 0 0 0 0 Q

SL 083314



TABLE 6 (Continued)

Route of Expos“rea Inhalation Drinking Water
ppmn Vinylidene Chloride 0 80 0 200
Skeletal Examination
Skull - delayed ossification of F 3(8) 1(3) 1(2) 6(11)**  4(6) 7(13) 2(3) 3(5)
parietal bone L 13(5) 8(3) 10(2) 271(N) 12(2) 27(7) 9(2) 12(3)
-delayed ossification of F 14(42)  12(36)  8(13) 20(38)*k 17(24)  30(57)** 12(19)  17(32)
interparietal bone L 44(17) 46(18) 35(7) 50(13) 47(8) 77(20) 43(10) 46(11)
~delayed ossification of any F 14(42) 12(36)  8(13) 20(38)%*x 17(24)  31(59)** 12(19) 17(32)
skull bone L 44(17)  46(18) 35(7)  50(13) 47(8) 77(20) 43(10)  46(11)
-unfused parietal and F 0.3(1)  0.3(1) 11(1l7)  4(B)*=* 4(6) 17(33)%* 57(93)  55(104)
interparietal L 3(1) 3(1)  45(9)  19(5) 24(4)  54(14) 87(20)  83(20)
-bone island, interparietal F 0 0.3(1) 1(1) 0 0 2(3) 0(0) 1(2)
L 0 2(L) 5(1) 0 0 8(3) 0(0) 8(2)
-mizshapen parietal and F 0 0 1(1) 0 0 0 0 0
interparietal L 0 0 5(1) 0 Q 0 0 0
-extra site of ossification F 0 0 0 0.5(1) 0 0 1(1) 0
between skull bones L 0 .0 0 4(1) 0 0 4(1) 0
-delayed ossification of F 0 0 0 1(2) 0 0 0 o
zygomatic arch L 0 0 0 8(2) 0 0 0 0
Vertebrae - delayed ossification b3 0 0 0 0 0 0.3(1) 0 0
of atlas L 0 0 0 0 ] 4(1) 0 0
-delayed ossification of F 7(34)  13(58) 10(24) 16(47) 14(30)  37(107)*% 18(46)  14(42)
cervical centra L 42(17)  48(19) 70(14) 63(17) 77(13)  77(20) 67(16) 72(18)
-delayed ossification of F 0 0 0 0.3(1) 0 0 0 0
thoracic centrum L 0 0 0 4(1) 0 0 0 0
-unfused cervical centrum F 0 0 0 0.3(1) 0 0.3(1) 0 0
L 4] 0 0 4(1) 0 4(1) 0 0
-unfused thoracic centrum F 0.2(1) 0.2(1) 0.4Q1) 1(2) 0 0.3(1) 1(2) 0.3(1)
L 2(1) 2(1) 5(1) 7(2) 0 4(1) 8(2) 4(1)
~missing some thoracic, all
lumbar and all sacral F 0.2(1) 0 0 0 0.5(1) 0 0 0
vertebrae** L 2(1) 0 0 0 6(1) 0 0 0
-missing one thoracic vertebra F 0 0 0 0 1(2) 5(14) 0 0
and one lumbar vertebra® L 0 0 0 0 6(1) 15(4) 0 0
-any missing vertebrax F 0.2(1) 0 0 0 1(3) 5(14) 0 0
L 2(1) o 0 0 6(1) 15(4) 0 1]
-fused vertebrae, thoracie F 0 0 0 0 0.5(1) 0 V] 0
region% L 0 0 0 0 6(1) 0 0 0
-extra thoracic vertebra and F 0 0 0 Q 0.5(1) 0 0 0
pair of ribs* L 0 0 0 Q 6(1) 0 1] 0
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TABLE 6 (Continued)

Route of Exposurea Inhalation Drinking

Water

ppn Vinylidene Chloride i 20 0 B0 0 160 i

200

Ribs - unilateral spur on lst lumbar 13(59) 12(56) 12(28) 13(38) 13(28) 16(45) 13(32)
65(26) 65(26) 65(13) 67(18) 71(12) 73(19) 79(19)

=bilateral spurs on lst lumbar 8(40)  5(25) 5(11) 10(30)%*  8(16) 10(30) 6(14)
50(20) 35(14)  35(7)  63(17) 59(10)  62(16) 33(8)

-any spurs on lst lumbar 21(99) 18(81) 17(39) * 23(68) 21(44) 26(75) 18(46)
78(31) 75(30) 75(15) 85(23) 82(14)  85(22) 88(21)

-unilateral wavy ribs 1(5) 1(4) 0 1(4) 1(2) 1(3) 0.4(1) O
12(5) 10(&) 0 15(4) 6(1) 8(2) 4(1)

-bilateral wavy ribs 1(4) 2(9) 2(7)**  0.5(1) 7(19)** 0
10(4) 12(5) 26(7) 6(1) 35(9) 0

-any wavy ribs 2(9) 3(13) 4(11)w& 1(3) 8(22)%* 0.4(1)
18(7) 18(7) 33(9) 6(1) 38(10) 4(1)

~Class 1 wavy ribs" 1(5) 2(10) 3(9)** 1(2) 3(9) 0
12(5)  18(7) 30(8) 6(1) 19(5) 0

-Class II wavy ribsh 1(4) 1(3) 1(2) 0.5(1) 4G(LA)*% 0.4(1)
10(4) 5(2) 7(2) 6(1) 35(9 4(1)
1(2) 4(11)
6(1) 15(4)
0.5(1) 1(4)
6(1) 8(2)
1(2) 5(14)
6(1) 15(4)
0.5(1) 4]
6(1) 0
-any missing riba L2(1) 1(3)
2(1) 6(1)
~extra riba 1(6) 0.2¢(1) 0.4(1) i ¢3] 2(4) 4(1)
' 8(3) 2(1) 5(1) 7(2) 12(2) 4(1)
Sternebrae - delayed ossification 4021)  4Q20) 5(12) 3010 4(9) - 5(13)
of sternebrae 32(13) 30(12) 30(6) 30(8) 41(7) 42(10)

-~unossified sternebrae 0 0 0 o] 0.4(1)
0 (] 0 0 4(1)

-unfused sternebrae 1(5) 1(3) 1(2) 0.5(1) 1(2)
12(5) 8(3) 4(1) 6(1) 8(2)

-fused sternebrae® 0.2(1) 0 0 0 0
21y 0 0 0 0

-any shortened 12th ribi

-missing 12th rib - unilateral1

-missing 13th pair of ribs only*'d

-missing ribs - multiple ribs*’g . 2(1)
2(1)

OO0 COoO OO0 OO0 Do OO0 OO0 OO0 OO

o OO0 O OO0 OO
OO0 OO0 OO0 OC OO

0
0
0
0
0
0
0
0
0
0

Limbs and Digits - delayed
ossification of metacarpels or 4(13)
metatarsels 12(3)

16 (46)
84(21)
7(19)
40(10)
22(65)
84(21)
(D
4(1)
1(2)
4(1)
1(3)
B(2)
1(3)
8(2)

o0 OO0 OO0 OO OO0 OO OO

9
24(6)

aPregnant rats were exposed to 20, 80, or 160 ppm vinylidene chloride for 7 hrs/day or were given drinking water

containing 200 ppm of the compound on days 6-15 of gestation.

Total major malformations detected by extermal, soft tissue, or skeletal examination.

F = fetuses; L = litters.

In addition to short trunk, this fetus exhibited hypoplastic tail, inward rotation of the hindlimbs,
ectopic ovaries, missing 4-13th thoracic vertebrae, missing all lumbar and all sacral vertebrae,

and missing 4~13th pairs of ribs.

This fetus demonstrated short trunk, acaudia, anteriorally displaced ovaries and uterine horns, missing
f3—13th thoracic vertebrae, missing all lumbar and sacral vertebrae, and missing 2-13th ribs.

This alteration was observed during the examination of the heads fixed in Bouin's solution,

)This alteration was observed only among fetuscs exhibiting a short trunk in the external examination,
jType 1 = gentle wave; Type II = callous or "U"-shaped bend in rib.

This alteration occurred only in fetuses missing one thoracic and one lumbar vertebrae.

*This alteration was considered to be a major malformation.

*#*5ignificantly different from control value by a modified Wilcoxon test, p<0.05.

Individual litter data are presented in Table A-3.
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TABLE 7

BODY AND LIVER WEIGHTS OF PREGNANT RABBITS EXPOSED TO
VINYLIDENE CHLORIDE BY INHALATION

ppm Vinylidene Chloride®
0

Number of dams 18 13

Maternal body weight
on gestation b
day 6 4.33+0.327 4.04+0,34%* 4.03+0.27 4.07+0.38

12 4,28+0.34 4.02+0.30* 4.01+0.27 3.90%0.37
19 4.34:x0.33 4.00x0.44* 4.12+0.29 3.86%0.40
29 4.42+0.29 4.22%0.35 4.19+0.32 4.07%0.40
Maternal weight gain
(kg) on gestation
days 6-11 -0.05i0.06b—0.0310.ll -0.02+0,09 ~0.17%0,14*
12-18 0.06+0.07 -0.02%0.22 0.12:0.08 -0.04%0.14*
19-28 0.07+0.10 0.23%0.15* 0.07+0.22 0.21%0.13*
Liver weight on
day 29 of gestation
absolute® 99+14 107112* 104+16 109+19

relatived 22.3+2.9  25.3+3.0% 24.844.0 26.5%3.6

aPregnant rabbits were exposed to 80 or 160 ppm vinylidene
chloride for 7 hrs/day on days 6-18 of gestation.

b

Mean * S5.D.

€g, mean t S.D.

dg liver/kg body weight, mean t S.D.

*Significantly different from the concurrent control value by
a one-way analysis of variance, p<0.05.

Individual animal data are presented in Table A-4.
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TABLE 8

OBSERVATIONS MADE AT THE TIME OF CESAREAN SECTION OF RABBITS INHALING
VINYLIDENE CHLORIDE

ppm Vinylidene Chloride®

[ 80 0

No. of bred females 16 22 16 18
No. deaths 1 1 "1 2
Percent pregnantb 100(16/16)  91(20/22)¢ 88(14/16) 94(17/18)9
Pregnanc%es detected

by stain 0 1 0 0
Percent pregnant, tatall 100(16/16) 96(21/22) 88(14/16) 94(17/18)

. Number of litters 14 18 13 15

Corpora lutea/dan® 942 942 912 813
Implantation sites/dam® 942 9:1 913 9:2
Pregnancy wastage® 0.1£0.4 0,320.8 1.0¢1.8 0.640.8
Live fetuses/litter® 8+2 9+1 83 64
Resorptions/litter®:’ 0.8:1.2 0.7:0.9 0.310.6 2.723.9%
I Implantations resorbed’ 9(12/128) 7(13/168) 3(4/115) 31(41/132) %%
T Litters with resorptions” 43(6/14) 50(9/18) 23(3/13) 53(8/15)
T Litters totally resorbed (0/14) (0/18) (0/13) 20(3/15)
Resorptions/litters with

resorptions 1.5(9/6) 0.8(7/9) 1.3(4/3) 5.1(41/8)
% Dead fetuses (0/116) (0/155) (0/111). 1(1/91)
Fetal sex ratio, M:F 52:48 56:44 52:48 53:47
Fetal body weight, g’ . 36.8¢3,7 36.9+5.0 37.447.6 36.024.2

Fatal crown-rump length, mm™ 94.6%2.8 93.4%4 .1 93.446,2 92,9+4.7

.Bred rabbits were exposed to 80 or 160 ppm vinylidene chloride for 7 hrs/day
on days 6-18 of gestation.

bNo. of females with visible implantation sites at the time of cesarean section
or necropay/total no. of bred females.

“one 80 ppu-exposed dam and one dam from its control group which both delivered
litters on day 28 of gestation were included in the calculation of the
pregnancy rates. Their litters were not examined for fetal alterations.

dThg single non-pregnant rabbit exhibited a purulent inflammation of the ovaries,

®No. of females with implantation sites detected onlv after staining the uterus
with sodium sulfide stain,

fNo. of females with implantation sites as observed either visually at the time
of cesarean section or necropsy or after staining the uterus with sodium sulfide
stain/total no. of bred females.

8Mean * 5.0,

hReaorptions detected only by sodium sulfide staining of the uterus were not
included in these calculations.

iHean of litter means * §,D,

*Significantly different from the control mean by a one-way analysis of variance, p<0.05.
#%Significantly different from the control value by Fishers exact probability

test, p<0.05.
Individual litter data are presented in Table A-5,
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IABLE 9

INCIDENCE OF FETAL ALTERATIONS AMONG LITTERS OF RABRITS EXPOSED TO
VINYLIDENE CHLORIDE BY INHALATION

- ppm Vinylidene Chloridea
0 80 0 160

No., Fetuses/No. Litters Examined

EXTERNAL AND SKELETAL EXAMINATION 116/14  155/18 111713 91/12
SOFT TISSUE EXAMINATION 44/14 56/18 42/13  37/12

% Affected (No. Affected)

Total Major Malformations’ Foo 2(3) 22) 202
L 0 17(3) 15(2) 16(2)
External Examination
Edema - neck and abdominal F 0 0 0 1(1)
region L 0 0 0 ) 8(L)
Soft Tissue Examination
Dilated cerebral ventricles* F 0 2(1) 0 0
L 0 5(1) 1] 0
Heart - thinning of right F 0 0 0 3(1)
ventricular wall# L 0 0 0 8(1)
Satellite vessel off aorta F 0 0 10(4) 0
L 0 0 15(2) 0
Satellite vessels off F 9(4) 20(11) 31(13) B(3)*
innominate arcery L 21(3) 44(8) 62(8) 17(2)
Fused left carotid and F 71(31) 55(31) 60(25) 78(29)
innominate arteriles L 93(13) 72(13) 77(10) 100¢12)
Kidney - cortical indentation, F 0 2(1) 0 0
unilateral L (¢} 5(1) 0 0
Skeletal Examination
Skull -~ delayed ossification F 0 0 2(2) 2(2)
L 0 0 8(1) 17(2)
~frontal ridge* F 0 IN¢Y) 0 1]
L 0 5(1) 0 v}
=foramen, frontal bone F 0 0 2(2) 0
L 0 0 8(1) 0
~foramen, parietal bone F 0 1(2) 2(2) 0
L Q 11(2) 15(2) 0
—extra suture lines, F o Wy 0 1(1)
parietal bone L 0 5(1) 0 8(1)
-bone island, parietal bone F 0 1Q1) 1] 1(1)
L 0 5¢1) 0 8(1)
~extra site of ossification
between occipital condyles F 0 ] ] 1(1)
and atlas L 0 0 0 8(1)
Ribs - 13th rib « bilateral F 48(56) 45(70) 31(34) 50(45)**
L 93(13) 89(16) 69(9) 100(12)
-13th rib - unilateral F 16(19) 8(12) 10(11}) 11€10)
L 71(10) 56(10) 54(7) 58(7)
=lumbar spurs F 7(8) 2(3) 6(7) k1&)
L 29(4) 17(3) 31¢4) 25(3)
-ghortened first thoracic F 1(1) 0 0 0
L 7(1) 0 0 0
=11 ribs on left and 12 F 0 0 1) 0
ribs on tight* L 0 0 8(1) 0

SL 0831, .



TABLE 9 (Continued)

ppm Vinylidene Chloride®
0 80 0

Vertebrae - extra cervical 1(1)
vertebrae# 5(1)

-extra and misshapen lumbar 0
vertebrae* 0

~-hemivertebrae in thoracic

region fused or forked rib F 0 1(1) 0 1(1)
& misshapen centra* L 0 5(1) 0 8(1)
Sternebrae — delayed ossifica- F 3(3) 1(1) 0 2(2)
tion of 2nd sternebra L 21(3) 5(1) 0 17(2)
-delayed ossification of F 41(48) 27(42) 40(44) 21(19)**
5th sternebra L 86(12) 67(12) 85(11) 58(7)
~delayed ossification of F  33(38) 20(31) 21(23) 23(21)
6th sternebra L 79(11) 67(12) 69(9) 58(7)
—~unfused F 1(1) 0 0 1(1)
L 7(1) 0 0 8(1)
-fused F 1(1) 2(3) 0 2(2)
L 7(1) 11(2) 0 17(2)
-extra site of ossification
between 5th and 6th F 0 0 0 1(D)
sternebrae L 0 0 0 8(1)
Limbs and Digits - delayed
ossification of phalanges in F 1(1) 0 0 0
first digit, bilateral L 7(1) 0 0 0

a
Rabbits were exposed to 80 or 160 ppm vinylidene chloride for
7 hrs/day on days 6-18 of gestation.

bTotal major malformations detected by external, soft tissue, or skeletal
examination,

Cp = fetuses; L = litters.

*This alteration was considered to be a major malformation.

**Gignificantly different from the concurrent control value by a modified
Wilcoxon test, p<0.05.

Individual litter data are presented in Table A-6.
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TABLE 10

SUMMARY - VINYLIDENE CHLORIDE TERATOLOGIC STUDIES

Rats Rabbits
Inhalation Drinking Water Inhalation
ppm Vinylidene Chloride 20 80 160 200 80 160
Maternal Toxicity
Altered appearance and
demeanor no_ no no no no no
Body weight gain - dec dec - - dec
Food consumption - dec dec - ND ND
Water consumption inc inc inc - ND ND
Liver weight -
absolute - -- - -— inc -—
relative - - inc - inc -
Embryo- and Fetotoxicity
Resorptions - inc - - -— inc
Fetal body weight - - - - -— --
Fetal crown-rump length - - - inc -- --
External alterations - - - - - b
Soft tissue alterations - -~ - - -— decC
Skeletal alterations - inc inc - - yes
Major malformations - - - - - --
a(--) = not significantly different from the concurrent control value; dec = decreased;

inc = increased; ND = no data.
bDecreased incidence of minor satellite vessels off innominate artery.

Cbecreased incidence of delayed ossification of the 5th sternebra and increased
incidence of 13 pairs of ribs.



TABLE A-1

INDIVIDUAL BODY AND LIVER WEIGHTS OF PREGNANT RATS EXPOSED TO
VINYLIDENE CHLORIDE BY INHALATION OR INGESTION

Route: Iphalation - Exposure Level: O ppw (Concurrent Controls for 20 ppm)

Maternsl Body Weight (g) Maxternal Body Weight Gain (o) Maternal Liver Weight (Day 21)
Animal Dav(s) of Gestarion —_— Absolute Relative
Number 6 10 16 21 6-9 10-15 16=20 _ (g) (g/kg Body Weight)
4bmT746 225 249 273 328 24 24 55 13.61 41,49
1747 242 262 300 372 20 38 72 13.17 35.40
7748 226 243 289 377 17 46 83 15.47 41.03
7749 229 242 292 367 13 50 75 13.86 37.76
7751 254 270 17 190 16 47 73 14.88 38.15
7752 267 284 294 367 17 10 73 14.75 40,19
7753 244 265 309 182 21 44 73 16,18 42.36
7754 236 242 102 360 6 60 58 14.41 40.02
7755 . 240 252 288 351 12 36 63 16.03 45.67
7756 287 296 345 440 9 49 95 17.61 40.02
7758 27 223 232 309 =4 9 77 11.80 38.19
7759 217 217 273 332 0 56 59 11.67 35.15
7760 280 268 273 164 -12 ) 91 15.60 42.86
7761 284 2719 330 393 -5 51 63 13.76 35.01
77638 252 279 315 410 27 36 95 15.69 38.27
7764B WD k) DY 351 435 ND 40 84 19.67 45.22
77658 224 248 305 385 24 57 80 17.23 44,75
77668 270 285 315 385 15 30 70 16.43 42.68
77678 255 281 320 405 26 39 85 17.00 41.98
77688 212 233 277 351 21 44 74 14.48 41.25
77698  ND 295 331 443 D 36 112 19.28 43,52
77708 227 257 266 355 30 3 89 16.77 41.60
7779 275 295 325 406 20 30 : 81 14.22 35.02
7780 252 277 316 400 25 39 84 13.67 34.18
7781 297 307 309 435 10 2 126 13.89 31.93
7782 277 310 358 45) 33 48 - 93 18.30 40.58
7783 267 285 321 426 18 36 105 16.45 38.62
7784 314 325. 334 380 11 9 46 16.77 44.13
7795 291 294, 340 380 3? 462 40 16.25 42.76
7796 231 321 307 394 902 -14% 87 15.22 38.63
7797 280 261 328 421 -19® 67" 93 15.88 37.72
7798 207 2847 247 286 77% -3t 39 12.46 43.57
7799 270 295, 318 415 252 23% 97 16.01 38.58
7800 271 22, 342 431 -298 100® 89 15.46 35.87
7801 274 306 310 199 328 48 89 13.52 33.88
7802 227 266 308 384 39° 428 76 13.27 34.56
7810 276 314 365 465 38 51 100 16.80 36,13
7813 271 283 343 434 12 60 91 14,37 33.11
7815 252 270 312 390 18 42 78 13.81 35.41
7816 253 244 308 387 «9 64 79 12.80 33,07
MEAN:SD 255126 272428 31029 3902239 15212 37217 80x18 15.1641.86 39.01£3.79
SL 083322




TABLE A~1 {(Continued)

Route: Inhalation - Exposure Level: 20 ppm

Maternai Body Weight (g3 Maternal Body Weight Gain ¢,y Maternal Liver Weight (Day 21)
Animal Day(s) of Gestation Absolute Relative
Number 6 16 21 §-9 {g) {g/kg Body Weight)

44-7762A 251 293 340 .7 15.00 44.12
7763A 240 268 364 12 14.22 39.06
77644 235 285 51 -8 14.95 42.59
77654 208 217 355 14 11.50 32.39
7766A 225 282 355 5 14.95 42.11
77674 285 333 429 -8 16.79 39.14
77684 231 285 364 13.78 37.86
77694 230 281 365 14.15 38.77
7771 248 302 sz 13.77 36.05
7774 222 289 369 15.37 41.65
7175 224 298 3185 16.067 41.74
7776 254 331 421 16.60 39.43
7777 229 300 390 . 13.95 35.77
7778 262 330 407 17.74 43.59
7788 280 325 411 16.48 40.10
7789 295 316 399 . 15.59 39.07
7790 249 301 386 15.34 39.74
7791 233 297 364 13.98 38.41
7792 279 323 415 15.50 37.35
7793 272 337 419 17.97 42.89
7794 257 15 388 15.21 359.20
7803 268 290 354 13.24 37.40
7804 281 336 424 17.54 41.37
7805 245 294 376 12.34 32.82
7807 23% 382 15.68 41.05
7808 223 360 12.78 35.50
7817A 230 408 14.84 36.37
78184 265 341 15.16 44 .46
7B21A 310 466 18.29 39.25
78224 215 396 16.54 41.77
78234 250 375 15.20 40.53
78244 262 390 14.04 36.00
78184A 207 347 13.10 37.75
78198 221 358 14.82 41.40
78218 210 329 14.40 43.77
78228 236 384 15.94 41.51
768238 261 426 16.41 38.52
78248 240 396 14.89 37.60
78258 200 32z 12.64 38.65
78268 220 244 366 15.50 42.35

g€zeeE80 1S

MEANISD 24627 258123% 301224 382430 + 15.0621.55 39.48+2.90




Rouge:

Maternal Body Weight (g}

TABLE A-1 (Continued)

Inhalation - Exposure Level:

0 ppm (Concurrent Controls for 80 ppm)

Maternal Body Weight Cain (g)

Maternal Liver Weight (Day 21)

Animal Day(s) of Gestation Absolute Relative
Sumber 6 ig 16 21 b-9 10-15 16-20 (g) {g/kg Body Weight)
33-6439 262 272 307 355 10 35 48 15.85 44,65
6440 254 272 317 386 18 45 69 14.91 38.63
6441 223 232 285 354 -9 53 69 13.57 38.33
6442 244 257 314 331 13 57 77 15.28 39.08
6443 260 273 323 400 13 50 77 16.27 40.68
6444 240 268 306 383 28 s 79 16.76 43.76
6445 262 267 318 402 5 51 B84 16.87 £1.96
6446 257 2713 299 352 16 26 53 14.65 41.62
6453 258 284 336 402 26 52 13 16.14 40.15
6454 215 243 299 367 28 56 68 16.23 44,22
6455 265 287 332 401 22 45 69 16.39 40.87
6456 220 241 277 337 21 6 60 15.16 44.98
6457 245 266 274 383 21 8 109 17.90 4b6.74
6458 235 251 294 - 351 16 43 57 14.40 41.02
6459 248 268 311 405 20 43 94 15.92 39.31
645%A 245 257 349 430 42 62 81 17.20 40,00
6461 237 257 303 382 20 46 79 17.26 45.18
6463 256 275 312 409 19 37 97 15.72 38.44
6464 230 258 296 382 28 38 86 16.21 §2.43
6465 232 249 291 374 17 42 83 15.95 42.65
MEAN£SD 244%15 264215 307219 382124 2018 §3£12 75215 15.93£1.05 41.74%2.52
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TABLE A-1 (Continued)

Route: Inhalation - Exposure Level: 80 ppm

Maternal Body Weight (g) Maternal Body Weight Gain (g)  Maternal Liver Weight {(Day 21}
Animal Day(s) of Gestation Absolute Relative
Number [ 10 16 21 6-9 10-15 16-20 {g) (g/kg Body Weight)
33-6371 234 256 290 378 22 34 B8 16.12 42.65
6372 227 245 254 282 18 9 28 12.97 45.99
6373 240 254 296 363 - 14 42 67 16.20 44.63
6374 270 288 315 398 18 27 83 17.59 44.20
6375 263 278 322 415 15 44 93 18.52 44.63
6376 227 242 275 361 15 3 86 13.22 36.62
6377 229 244 270 315 15 26 45 13.%0 §4.13
6378 288 298 335 406 10 a7 71 17.13 42.19
6379 260 275 317 399 15 42 82 15.39 38.57
6380 257 267 309 378 10 42 69 15.68 41 .48
6381 244 240 267 299 -4 27 32 13.02 §3.55
6382 259 268 18 399 9 50 81 14.36 35.99
6391 251 249 279 353 -2 30 74 16.93 47.96
6392 228 187 251 336 -41 64 85 16.39 48.78
6393 230 229 279 338 -1 50 - 59 15.25 45.12
6394 207 217 303 378 10 86 75 16.64 44.02
6395 260 261 313 3189 1 52 78 18.78 48.28
6396 260 270 303 370 10 . 33 67 16.35 44.19
6397 236 239 287 353 3 48 66 16.72 47.37
6398 237 250 277 361 3 37 84 16.98 47.04
6400 220 250 296 378 30 46 ¥4 16.99 44.95
6401 220 228 265 354 8 37 89 15.71 44.38
6402 219 233 265 334 14 32 69 14 .86 44.49
6404 244 271 267 329 27 -4 62 11.58 35.20
6405 237 275 306 379 38 31 73 14.59 38.50
6406 248 262 321 415 14 59 94 18.10 43.61
6407 239 253 314 398 14 61 84 15.33 38.52
6408 246 257 s 382 11 62 63 15.32 40.10
MEANSSD 242118 25323 293224 % 36634 112i4w» 41+18 72116 15.7421.74 43.11£3.73
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TABLE A-1 (Continued)

Rouge: Inhalation - Exposure Level: 0 ppm {Concurrent Controls for 160 ppm)

Maternal Body Weight {(g) Maternal Body Weight Gain (g) __  Maternal Liver Weight (Day 21)
Animal Day{s) of Gestation Absolute Relative
Number 6 10 16 21 6-9 10-15 lb:_?.g_ $3) {p/kg Body Weight)}
13-6268 278 292 332 g2 14 &40 50 15.39 40.29
6269 293 311 352 431 18 41 79 17.51 40.63
6270 303 312 343 402 3 31 59 16.20 40.30
6272 262 285 313 377 23 28 64 15.26 40,48
6273 262 272 302 354 10 30 52 15.62 44,12
6274 258 285 312 373 27 27 61 13.53 36.27
6276 294 303 343 418 9 40 75 16.98 40.62
6277 274 286 333 403 12 47 70 15.63 38.78
6282 274 285 KD 423 11 HD ¥D 16.80 39.72
5283 272 284 ¥D 374 12 iy WD 14,94 39.95
6284 254 262 D 372 8 ND ND 14.83 39.86
6286 324 348 ND 496 24 ND ND 19.17 38.65
6287 303 324 NI 412 21 ND ND 14.41 34.98
6288 289 277 ND 422 =12 KD . ND 17.00 490.28
6289 260 247 N 329 -13 NG WD 14,27 43.37
6290 247 286 ND 401 39 ND XD 15.07 37.58
6291 282 310 ND 429 28 ND KD 17.48 40.74
MEAN*SD 278221 292424 329218 400238 1413 3627 64210 15.89+1.44 39.80+2.20
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TABLE A-1 (Continued)

Route: Inhalation - Exposure Level: 160 ppa

Maternal Body Weight (g) Maternal Body Weight Gain (g) __ Maternal Liver Weight {Day 21)
Animal Day{s) of Gestation Absclute Relative
Number 3 10 16 21 6-9 To-15___ __16-20 () (g/kg Body Weight)
33-6200 280 285 323 401 5 38 78 18.89 47 .11
6201 281 283 326 426 .2 43 100 18.09 42.46
6202 240 234 279 357 -6 45 78 17.05 47.76
6203 274 283 321 404 9 s 83 17 .69 43.79
6204 256 256 307 393 0 51 86 16.35 41.60
6205 272 274 316 392 2 42 76 15.57 39.72
6206 186 2397 356 434 11 53 78 18.84 §3.41
6207 261 253 298 362 -8 45 &4 131.88 38.34
6208 303 308 348 440 5 40 92 17.33 39.39
6209 259 263 287 342 4 25 55 15.45 45.18
6210 251 262 336 423 11 - 74 B7 17.27 40.83
6212 228 255 256 341 27 1 a5 13.41 39.32
6213 292 300 343 452 . 43 109 19.43 42.99
6214 247 245 299 377 -2 54 . 78 12.66 33.58
6215 263 272 322 397 ] 50 75 15.31 38.56
6216 250 245 285 368 -5 40 83 16.40 44,56
6217 266 272 305 366 6 33 61 17.83 48.72
6218 285 287 319 3958 2 32 79 18.52 46.53
6219 251 274 314 395 =17 40 81 14.85 37.59
6221 150 253 297 184 3 44 87 16.70 43.49
6222 273 275 324 406 2 49 82 19.00 46.80
6223 co 3ol 350 432 1 49 82 18.31 42.38
6224 295 265 334 410 =30 89 76 19.75 48,17
6225 225 235 295 368 10 60 73 16.45 44 .70
6227 259 255 300 376 ~4 45 76 16.12 42.87
6229 276 270 318 388 -6 48 70 13.91 35.85
MEAN$SD 268221 269£20% 314224 394129 . 2210% 44214 80x11* 16.73t1.94 42.5313.93%
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TABLE A-1 (Continued)

Route: Drinking Water - Concentration: 0 ppm

Maternal Body Weight (g) Maternal Body Weight Gain (g) Maternal Liver Weight (Day 21)
Animal Day(s) of Gestation Absoclute Relative
Kumber 3 10 16 21 6-9 10-15 16-20 (g) {(g/kg Body Weight)
33-5950 288 J12 351 418 24 39 67 13.37 31.98
5951 305 340 386 476 35 46 90 17.93 37.67
5952 290 315 358 445 25 43 B7 14.15 31.80
5951 300 321 360 432 ‘21 39 72 17.84 41.30
5954 257 3U9 346 38w pps 37 40 1a.499 38.83
5955 283 309 349 422 26 40 73 14.03 33.25
5963 309 37 38l 461 16 54 80 16.36 35.49
5964 283 n 354 430 30 41 76 16.19 37.65
5965 260 283 319 9 23 36 72 14.15 36.19
5966 293 306 342 405 13 36 63 15.64 38.62
5967 275 295 331 408 20 36 77 15.78 38.68
5968 302 323 352 390 21 29 38 14.43 37.00
5977 280 298 341 409 18 43 68 17.14 41.91
5978 302 320 364 443 18 &4 79 17.55 39.62
5979 294 304 331 365 10 27 34 18.64 51.07
5981 08 336 383 478 28 47 . 95 19.64 41.09
5983 292 304 348 407 12 44 59 14.88 36.56
5994 . 285 299 337 424 14 38 87 16.41 38.70
5995 269 289 330 409 20 . 41 79 14.80 36.23
5996 294 312 347 443 18 a5 96 17.10 38.60
5997 256 266 303 386 0 a7 77 13.24 34.30
5998 287 303 335 412 16 32 77 15.15 36.77
5999 307 325 366 434 18 41 68 15.73 36.24
6000 296 312 349 422 16 37 73 17.17 40.69
MEANtSD 290+13 309:16 348220 42128 19+7 3916 72216 15.93+1.70 37.93£3.90
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TABLE A-1 {Continued)

Route: Drinking Water - Concentration: 200 ppum

Maternal Body Weight ({g) Maternal Body Weight Gain {g) Maternal Liver Welght (Day 21)
Animal Day(s) of Gestation . _ Absclute Relative
Number 6 10 16 21 6-9 10-15 16-20 () (g/kg Body Weight)
33-5956 315 335 371 454 20 35 83 16.59 36.54
5957 273 291 326 393 18 35 67 15.06 38.32
5958 270 293 297 390 23 4 93 14.02 35.95
5959 235 303 345 437 68 42 92 17.41 39.84
396U wod L08 313 153 ] n 3 s0 15.14 38.52
5961 367 324 361 407 17 37 46 14.17 34.82
5962 235 267 300 362 32 33 62 14,43 39.86
5970 315 aos 386 471 -20 a1 BS 15.04 31.93
5971 289 307 347 415 18 40 68 14.26 34.36
5972 289 303 337 392 14 34 55 12.88 32.86
5973 318 334 375 448 16 41 73 14.52 32.41
5974 276 296 340 421 20 44 81 13.64 32.40
5975 323 331 351 361 8 20 10 14.60 40,44
5976 314 326 382 461 12 56 79 17.29 37.50
5984 310 320 XD 441 10 ND KD 17.43 39.52
5985 310 317 ND 457 7 ND ' ND 17.97 39.32
5986 250 272 ND 334 22 ND ND 14.74 44.13
5987 fctold 304 ND 433 4] D Wb 14.74 34.04
5988 295 284 ND 431 -11 - ND ND 14.18 32,90
5989 258 267 ND 381 9 ND ND 13.09 34.36
6001 274 295 330 415 3l 35 85 16.97 40.89
6002 275 275 323 385 0 48 62 14.79 38.42
6003 301 320 355 410 19 3s 55 17.40 42.44
6004 300 317 365 458 17 48 93 15.84 34.58
6005 214 275 19 392 65 44 73 13.18 .72
6006 274 292 326 422 18 34 96 15.24 36.11
MEAN+SD  2B4=+30 301222 342+26 414235 16+18 40%14 72+20 15.25%1.43 36.9713.36

2gxcluded from the calculations due to a likely scale error on day 10 of gestation.
ND = No data available.

#Significantly different from the control value by a one-way analysis of variance, p<0.05.




TABLE A-2

INDIVIDUAL LITTER SUMMARY OF OBSERVATIONS MADE AT THE TIME OF CESAREAN SECTION OF RATS
EXPOSED TO VINYLIDENE CHLORIDE BY INHALATION OR BY INGESTION

Route: Inhalation - Exposure Level: 0 ppm (Concurrent Controls for 20 ppm)

Sex
Animal  Corpora Pregnancy Litter Ratilo Fetal Crown~Rump
Number Lutea Implantations Wastagpe Resorptions” $Size M:F Body Welght Length
(8) (m)
44~7746 10 10 0 0 10 5:5 5,48 43,2
7747 15 13 2 0 13 8:5 5,40 42.7
7748 14 14 0 0 14 6:8 5.68 44.0
7749 15 12 3 0 12 7:5 5.78 44,2
7750 Non=-pregnant
7751 13 12 1 1 11 4:7 5.36 42,6
7752 11 10 1 0 10 5:5 5.45 43.6
7753 14 12 2 0 12 6:6 5.32 43.6
7754 10 10 0 0 10 1:9 5.99 43.5
7755 11 12 0 0 12 5:7 5.17 43.1
7756 15 15 0 1 14 8:6 5,36 43.4
1757 Non-pregnant
7758 12 13 0 0 13 4:9 5,06 41.8
7759 8 8 0 0 8 2:6 6.69 46,3
7760 14 14 0 1 13 7:6 5.17 42.5
7761 12 11 1 1 10 37 5.96 44.6
77638 12 12 0 0 12 517 5.67 44,7
77648 13 14 0 0 14 8:6 5.22 42.9
77658 11 14 0 0 14 4:10 4,99 42,2
77668 15 11 4 0 11 5:6 5.22 43,2
77678 13 12 1 0 12 7:5 5.38 43.5
77688 11 12 0 0 12 4:8 5.17 42,0
77698 16 15 1 0 15 10:5 5.30 . 45.8
77708 13 13 0 0 13 7:6 5.16 42.9
7779 15 12 3 0 12 9:3 4.96 44.2
7780 13 13 0 0 13 8:5 5.93 43.1
7781 15 16 0 0 16 8:8 5.61 43.4
7182 13 15 0 1 14 5:9 5.52 45,5
7783 14 14 0 Q 14 11:3 5.66 43.3
7784 12 1 11 0 1 1:0 7.01 45.8
7785 Noun-~pregnant
7786 Non-pregnant
7795 14 8 2 4 2:2 5.88 45.0
7796 13 11 2 o 11 7:4 5.56 43.6
1797 14 12 2 0 12 8:4 5.68 44.4
7798 10 6 4 2 4 2:2 5.87 44.7
7799 1 12 1 0 12 6:6 5,62 44.4
7800 18 14 4 0 14 8:6 5.42 43.2
7801 13 11 2 0 11 7:4 5.69 44,2
7802 16 14 2 0 14 5:9 5.70 44,6
7810 14 14 0 0 14 5:8 5.66 43.5
7811 Non=-pregnant
7812 Non-pregnant
7813 16 15 1 0 15 6:9 6.07 45.4
7814 Non=pregnant
7815 12 12 0 0 12 6:6 S.61 44.7
7816 13 12 1 0 12 7:5 5.7 44,6
MEAN£SD 13#2 1243 1:2 0,20.5 12+¢3  233:237 5.60x0,40 43,9#1.1
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TABLE A-2 (Continued)

Route: Inhalation - Exposure Level; 20 ppm

Sex
Animal Corpora Pregnancy Litter Ratio Fetal Crown—~Rump
Number Lutea Implantations Wastage Resorptions Size M:F Body Weight Length
(g) (vm)
44=77624 14 9 5 0 9 5:4 5.74 43.7
7763A 12 12 0 0 12 10:2 5.38 42.5
77644 12 11 1 (] 11 5:6 5.28 43.1
77654 14 12 2 1 11 4:7 3.74 44.0
7766A 10 10 0 1] 10 5:5 5.83 45.3
7767A 14 14 0 0 14 9:5 5.81 44.5
77684 12 12 0 0 12 6:6 5.42 43.4
776%A 15 11 4 0 11 6:5 5.07 42.5
7771 22 13 9 1 12 6:6 6.22 45.8
7772 Removed from study due to dehydration resulting from mechanical failure of watering system.
7773 Removed from study due to dehydration resulting from wechanical fallure of watering system.
7774 12 12 0 1 11 6:5 5,70 43.8
7775 15 11 4 V] 11 6:5 5.44 43,6
1776 14 14 0 0 14 6:8 5.71 44,3
7777 14 14 Q 1 13 5:8 6.04 45.2
7778 14 12 2 V] 12 7:5 5.66 43,9
7787 Removed from study due to dehydration resulting from mechanical failure of watering system,
7788 13 13 0 2 11 6:5 5.57 43.3
7789 15 14 1 Q 14 7:7 5.16° 42.5
7790 15 13 2 0 13 9:4 5.67 44,0
7791 17 12 5 1 1 7:4 5.60 43.6
7792 16 16 0 1 15 10:5 5.26 43.2
7793 19 13 6 1 12 4:8 5.58 43.7
71794 15 12 3 0 12 4:8 5.68 44.0
7803 11 11 0 3 8 4:4 5.65 44,3
7804 14 9 5 ] 9 5:4 5.73 44.9
7805 17 12 5 0 12 715 5.78 44,8
7806 Implantation sites detected only after sodium sulfide staining.
7807 13 1 2 1] 11 5:6 5.58 44,3
7808 11 11 0 0 Tl 7:4 5.66 44.1
7809 Non-pregnant
7817A 14 14 0 1 13 10:3 5.41 43.7
7818A 12 3 9 1] 3 1:2 6.26 46,1
7819A Non-pregnant
7820A  Nom~pregnant
78214 21 16 5 1 15 5:10 5.51 43.9
78224 17 14 3 0 14 5:9 5.32 42.2
78234 12 11 1 2 9 3:6 5.70 44.7
78244 15 13 2 1] 13 439 5.61 44.0
78188 15 13 2 0 13 11:2 5.35 43,9
78198 14 13 1 Q 13 8:5 5.53 44,2
78208 Removed from study due to dehydration resulting from mechanical failure of watering system.
7821B 10 9 1 "] 9 7:2 6.07 45.7
78228 14 12 2 0 12 5:7 5.12 43,2
78238 14 13 1 (4] 13 7:6 5.78 45,2
78248 14 11 3 0 11 9:2 5.94 45.4
78258 15 11 & 0 11 5:6 5.49 43.9
78268 10 11 0 0 11 6:5 5.21 43.6
MEANtSD  14%3 12+2 222 0.4%0,7 122  247:215 5.6120.28 44.020.9
SL 083331




TABLE A-2 (Continued)

Route: Inhalation - Exposure Level: O ppm (Concurrent Controls for 80 ppm)

Sex
Animal Corpora Pregnancy Litter Ratio Fetal Crown~Rump
Number Lutea Implantations Wastage Resorptions Size M:F Body Weight Length
(g) (mm)
336439 10 11 0 4 7 3:4 5.30 43.8
6440 12 12 0 0 12 4:8 5.29 43.7
6441 11 11 0 0 11 2:9 5.30 44,0
6442 11 11 0 0 11 2:9 5,95 45.9
6443 11 12 0 0 12 6:6 5.69 45.5
6444 13 13 0 0 13 7:6 4.18 43,2
6445 10 11 0 0 11 6:5 5.57 45.0
6446 9 9 0 1 8 3:5 5.63 45,0
6453 14 14 0 1 13 6:7 5.08 42.9
6454 15 13 2 0 13 6:7 5.62 43.5
6455 10 8 2 0 8 2:6 5.70 44.0
6456 12 10 2 1 9 4:5 5.74 45.7
6457 15 14 1 0 14 4:10 5.14 42.7
6458 10 10 0 0 10 5:5 3.72 44,3
6459 15 15 0 0 15 8:7 5.56 43.8
6459A 20 13 7 0 13 4:9 5.51 44,5
6460 Implantation sites detected only after sodium sulfide staining.
6461 14 13 1 1 12 5:7 5.68 45.2
6462 Removed from -tudy due to dehydration resulting from mechanical failure of watering system,
6463 13 13 0 0 13 7:6 5.96 45.4
6464 13 13 0 0 13 7:6 5.37 44,1
6465 13 12 1 0 12 7:5 5.79 45.5
MEAN*SD 12x2 1042 1#2 0.420.9 1242 98:132  5.54%0.26 44,4$1,0

SL 083332



TABLE A-2 (Continued)

Route: Inhalation - Exposure Level: 80 ppm

Sex
Animal Corpora Pregnancy Litter Ratio Fetal Crown-Rump
Number Lutea Implantations Wastage Resorptions Size M:F Body Weight Length
(g (mm)
336371 14 14 0 1 13 7:6 5.44 44.3
6372 5 1 4 Q 1 0:1 7.42 49.6
6373 11 1 0 0 11 7:4 5.61 44,5
6374 13 13 0 1 12 9:3 5.42 44.3
6375 14 15 0 0 15 10:5 5.49 44,7
6376 15 14 1 0 14 5:9 5.50 44.7
6377 11 S 6 0 5 3:2 5.75 46,0
6378 14 14 0 2 12 5:7 5.72 45,4
6379 14 14 0 0 14 5:9 5.52 45.0
6380 12 12 0 0 12 4:8 5.46 44,2
6381 15 13 2 13 Q 0:0 - -
6382 16 15 1 1 14 7:7 5.74 45.8
6391 12 9 3 0 9 6:3 5,88 45.5
6392 14 12 2 1 11 437 5,30 43.5
6393 ° 11 8 3 0 8 4:4 5.59 44,7
6394 11 11 0 0 11 2:9 5.58 44.5
6395 13 12 1 1 11 5:6 5.39 44.4
6396 10 7 3 0 7 4:3 6.06 46.5
6397 10 9 1 1 8 4:4 5.94 46.2
6398 13 9 4 0 9 4:5 5.89 46.2
6399 Delivercd on day 18 of gestatton
6400 12 11 1 10 3:7 5.74 46,0
6401 11 11 0 0 11 6:5 5.54 44,8
6402 9 9 Q 0 9 514 5.52 44.3
6403 Implantation sites detected only after sodium sulfide staining.
6404 9 10 0 1] 10 8:2 6.77 47.1
6405 13 13 0 1 .12 8:4 5.84 44.8
6406 15 15 0 0 15 8:7 5,35 43.1
6407 15 14 1 0 14 8:6 5.59 43.6
6408 15 15 0 1 14 4:10 5.36 43.6
MEAN2SD 1222 11+3 122 0.8+2.4 1024 145:147 5.72+0.45 45.1%1.3

gL, 083333



TABLE A-2 (Continued)

Route: Inhalation - Exposure Level: O ppm (Concurrent Controls for 160 ppm)
Sex
Animal  Corpora Pregnancy Litter Ratio Fetal Crown-Rump
Number Lutea Implantations Wastage Regorptions Size M:F Body Weight Length
(g) (mm)
33-6268 18 15 3 0 15 8:7 4,96 42.8
6269 13 12 1 0 12 7:5 5.51 43.7
6270 13 13 0 0 13 4:9 5.50 43.8
6271 Nom—-pregnant
6272 15 11 4 0 11 516 5.62 44,2
6273 12 9 3 0 9 3:6 5.38 43.6
6274 15 13 2 1 12 5:7 5.56 44.0
6275 Removed from study due to dehydration resulting from mechanical failure of watering system.
6276 15 12 3 12 7:5 6.18 45.9
6277 16 14 2 0 14 7:7 5.43 44.5
6282 15 15 0 0 15 9:6 5.45 44.0
6283 11 11 0 2 9 5:4 5.37 43.6
6284 16 13 1 12 2:10 5.41 43.8
6285 Removed from study due to dehydration resulting from mechanical failure of watering system,
6286 14 14 0 0 14 6:8 5,65 44.1
6287 14 14 0 0 14 8:6 5.56 42.5
6288 14 14 0 2 12 4:8 5.63. 44,1
6289 12 11 1 1 10 5:5 5.30 43,0
6290 12 12 0 0 12 8:4 5.90 43.8
6291 14 13 1 a 13 7:6 5.36 43,1
MEAN$SD 1442 1322 11 0.4:0.7 12:x2 100:109 5.52%0,26 43.8+0.8

SL 083334



TABLE A-2 (Continued)

Route: Inhalation - Exposure Level: 160 ppm

Sex
Animal Corpora Pregnancy Lirter Ratio Fetal Crowr—Rump
Number Lutea Implantations Wastage Resorptions Size M:F Body Weight Length
() (mm)
33-6200 13 10 3 2 8 1:7 5.91 45.1
6201 14 14 0 0 14 9:5 5.3 44,5
6202 14 12 2 1 1 9:2 3.93 39.5
6203 14 11 3 1 10 7:3 5.74 44,2
6204 16 14 2 0 14 8:6 5.66 43.5
6205 14 11 3 0 11 5:6 6.04 45,9
6206 15 15 0 1 14 7:10 5.64 44,2
6207 11 10 1 0 10 416 5,92 44,9
6208 14 14 0 0 14 6:8 5.69 44.5
6209 8 6 2 0 6 2:4 2,81 35.2
6210 13 12 1l 1 11 6:5 3.92 39.1
6211 Non~pregnant
6212 11 11 0 1 10 LTE) 5.79 44.0
6213 16 14 2 2 12 7:5 5.66 43.8
6214 13 13 0 0 13 9:4 5.92 44,7
6215 - 13 13 0 0 13 7:6 5.67 44.3
6216 12 13 0 Q 13 5:8 5.26 42,1
6217 15 6 9 0 6 4:2 5.17 42.9
6218 11 10 1 0 10 6:4 5.92 44.5
6219 12 11 1 0 11 7:4 6,64 46.9
6220 Delivered on morning of day 21 of gestation
6221 12 14 0 1 13 7:6 5.68 44,2
6222 14 14 0 2 12 4:8 5,49 44.0
6223 14 12 2 0 12 4:8 5.67 44 .4
6224 12 9 3 1 8 2:6 4,95 41.6
6225 12 12 0 1 11 10:1 5.72 45,2
6226 Non~pregnant
6227 13 13 0 0 J13 7:6 5.42 43.9
6228 Non~pregnant
6229 10 11 0 0 11 2:9 6.72 48.0
MEAN+SD 13+2 1222 1+2 0.520.7 112 147:144 5.47:0.82 43,622.6
SL 083335
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TABLE A-2 (Continued)

Route: Drinking Water - Concentration: 0 ppm
Sex
Animal Corpora Pregnancy Litter Ratio Fetal Crown-Runp
Number Lutea Implantations Wastage  Resorptions Size M:F Body Weight Length
(8) (mm)
33-5950 12 11 1 1 10 7:3 6.38 45.9
3951 13 13 0 0 13 6:7 5.98 44.6
5952 15 14 1 0 14 8:6 5.63 47.1
5953 13 12 1 0 12 6:6 5.60 42,6
5954 12 3 7 0 5 3:2 6.18 43.9
5955 11 11 0 1 10 2:8 S.64 43.0
5963 11 11 0 0 11 3:8 6.02 47.5
5964 12 12 0 0 12 6:6 5.81 45.7
5965 10 10 0 0 10 3;7 5.67 46.6
5966 11 9 2 1 a8 5:3 5.68 46.8
5967 13 11 2 0 11 5:6 5.67 45.5
5968 13 4 9 0 4 2:2 6.28 48.4
5969 Non~pregnant
5977 12 12 0 0 12 6:6 5.15 42.6
5978 13 12 1 0 12 37 5.63 43.4
5979 8 1 7 0 1 1:0 7.29 53.2
5980 Non-pregnant
5981 16 14 2 0 14 11:3 5.64 46.9
5982 Non-pregnant
5983 12 1 1 10 6:4 5.84 49.2
3994 14 13 1 1 12 6:6 5.62 47.2
5995 16 14 2 1 13 6:7 5.41 47.3
5996 13 13 0 1 12 3:9 5.55 47.7
5997 13 13 0 0 13 8:5 5.36 47 .4
5998 10 10 0 0 10 3:7 5.80 48.3
5999 9 9 Q 0 9 6:3 6.01 49.5
6000 15 13 2 1 12 5:7 5.41 47.5
MEAN+5D 1222 1143 222 0.3£0.5 103 122:128 5.79+0.44 46 ,6£2.4

S1, 083336



TABLE A-2 (Continued)

Route: Drinking Water - Concerntration: 200 ppm

Sex
Animal  Corpora Pregnancy Litter Ratio Fetal Crown=-Rump
Number Lutea Inplantations Wastage Resorptions Size M:F Body Weight Length
(€3] (om)
33-5956 15 14 1 0 14 8:6 5,57 46,7
5957 19 9 10 0 9 5:4 5.90 47.9
5958 12 11 1 0 11 9:2 5.56 46.8
5959 12 14 0 0 14 4:10 5.30 45.9
5960 13 12 1 0 12 5:7 5.47 46.7
5961 10 8 2 0 8 3:5 6.27 50.6
5962 14 12 2 2 10 6:4 5.88 48.2
5970 15 13 2 0 13 8:5 5.79 47.4
5971 13 13 0 0 13 5:8 5.16 45.7
5972 13 9 4 0 9 5:4 5.94 48.7
5973 13 13 0 0 13 5:8 5.66 48.1
5974 14 14 0 0 14 5:9 5,64 48.5
5975 bi 1 6 1 0 0:0 - -
5976 16 16 0 0 16 3:13 5.42 47.8
5984 17 11 6 0 11 4:7 5.70 48.0
5985 19 15 4 1 14 12:2 5.69 48.0
5986 13 6 7 3 3 3:0 6.51 49.7
5987 14 13 1 0 13 8:5 5,46 47.2
5988 16 14 2 0 14 10:4 5.76 47,3
5989 17 15 2 0 15 6:9 5.21 44 .8
6001 15 15 0 2 13 5:8 5.60 47.8
6002 12 10 2 1 9 5:4 5.89 49.0
6003 12 5 7 0 5 2:3 5.92 48.6
6004 16 14 2 0 14 7:7 5.76 48.6
6005 21 12 9 1 11 7:4 5.57 47.5
£006 13 12 1 0 12 6:6 5.84 49.5
MEAN$SD 1423% 12:4 kEX) 0.420.8 11+4  146:144 5.70:0.30  47,821.3%

*Significantly different from concurrent coutrol values by a one-way analysis of variance, p<0.03.

SL 083337
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TAM, A1 (Cunetourd)

Route: latulatlon « Exposure Level: 80 ppe

Tocal

Total Littera

Animal Wusbara; 338371, 72, 73, T4, 7%, 76, 17, 78, 79, BO, 82, $1, 92, 93, 94, 93, 96, 97, 94, 400, 01, 02, OA, 03, 0%, O7, OB  Friywes
Mumber of Futuses Examined

7 8 9 W1 15 14 14
F I B 5 5 5
T8 9 15 16 14
& 5 & 16 9 9

EXTERNAL EXAMIMATIOR 15 16 5 12 14 12 1é [ I Y S §
Suft T155UL EXAMINATION 5 5 3 4 5 & 5 b Y )
SKELETAL EXAMINATION 15 $h % 12 14 12 1k 8 11U
SKULL BONE EXAMINATLION 1 9 2 & 9 & 9 5 1 7

* Number of Petuses Affected
Total Major Malformationy o 0 6 0 O O

External Examiration

$hott truak and ather defeces

Subcutaneaus edeas

Omphalocele

Narrow head, pointed snout

Subcutanmous hemoCrhage -
neck, head, and back

Sofr Yissue Examination

Dimphragmatic heroia

Yellow=colored facus on livar

Revorrhage, liver

Hydroureters

Dilated renal pelvis

Eecopic ovarias

Head ~ subcutancous hemorchage

Bead - thichened dormal and
subcutaneoys cis~ue in occular region
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pariecal btooe
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-delayed onsification of
any shull bone
-unfuscd parjetal and interpariecal
«boae island = lutecpaciatal
-misahapen parjetal and (neecpariecal
-axtrs site of o .iftration
batween shull bone
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of zygomatic arch

woo~
>

o ©
o o
- o
- o

-N-N-¥-] o -]
ocaoc

o
o © oboo ©O 9 ©

Q
o U oowmw

<

a o ocos

a ©

o @ occo

o © osoo ©w ©
o ©

o o oODOC © ©
o ©o o000 o ©
© o ecoo o ©
o G cooe

o &6 odoo o O
® o ocowe © ©
o © ooo~

o & oSoco © ©
o 9 o000 ©O ©

Vertebrae - delaywd ossificacion

of aclas

+delayed ovsification of
thoraeic centrym

~unfused rervical centrum

-unfused thoracic centrum

~delayed oanific tion of
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-extrn thoracic vertebrdi &
pair of ribe
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~bilaceral spurs on Ist lumbar
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«Claag T wavy ribe
=Class 11 wavy ribs
~any shortowcd L2th £ib
-misalog 12th rih - unilateral
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Routs:

Animal Mumbgra:

FXTERNAL EXAMINATION
SOFT T15SUE EXAMINATION
SKELETAL EXAMINATION
SKULL BONE LXAMINATION

Total Major Malformations

External Examination

Short trunk and other defects

Subcutaneous edema

Omphalocele

Narrow head, pointed snout

Subcutaneous hemorchage -
neck, head, and back

Soft Tigsue Examiration

Diaphragmatic bernia

Yellow-colored focus on liver

Hemorrhage, liver

Hydroureter

Dilaced renal pelvis

Ectople ovaries

Head - subcutaneous hemorrhage

Head = thickened dermal and
subcutaneous tissue in occular regilon

Skeletal Examination

Skull - delayed ossification of
pariecal bone
-delayed ossification of
tncerparictal bone
-delayed ossification of
any skull bone
-unfused parieral and interparietal
-bone island - fnterparietal
-misghapen parietal und interparietal
-extra site of osgification
between skull bone
-delayed ossification of
zygomatic arch

Vertebrae - delayed ossification

of atlas

-delayed ossificacion of
thoracic centrus

-unfused cervical centrum

—unfused thoracic centrus

-delayed ogsification of
cervical cantrus

-missing one thoracic vertebra
and one Jumbar vertebra

-missing all lumbar and
sacral vertebras

-any missing vartebra

-fused vertebrae - thoracic region

-extra thoracte vertebrs &
pair of ribs

Ribs - untlateral spur on lst lumbar
-bilaceral spurs on lst lumbar
=apy spurs on lst lumbar
-unilateral wavy ribs
~bilateral wavy ribs
=any wavy ribs
=Claug 1 wavy riba
=Class IJ wavy ribs
=any shortened 12¢h rib
=missing 12th rib - unilateral
—missing 13th pair of ribs only
-missing ribs - multiple ribs
~ sty misaing ribs
~cxirs ribs

Sturncbrae = delayed ossffication
ot sternebrae
~unosaifted sterncbrue
=infused sternchese
={uned wterncbhrae
Limbs B Diglts - delayed ossification
ol metacarpeln
=delayued oswiflcation of setatarscia
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Nymber of Fetuscs Examined

13 13
4 4
1713
? 9
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¢ o
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53, 54, 55, 56, 57, 58, %9, 59A, &1, 63, 64, 63

B 9 la 10 15 13 12 13 13 12
i 31 5 3 5 4 b b 4 4
B9 14 10 15 13 12 13 13 12
5 6 9 T 10 9 8 9 9 8
of Fetuses Affected
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Animal Wumbers;

EXTERNAL EXAMIBATION
S0FT TISSUR EXAMDUWATION
SKELETAL EXAMINATION
SKULL BOKL EXAMLIATION

Total Major Malformations

External Examination

Short trunk atd other defects

Subtutaneous cdema

Omphalocele

N¥arrow head, pelnted mnout

Subcutancous helorrhage -
baad, neck, and back

Soft Tissue Examinazica

Disphragnatic hernia
Yellou-colored focus on liver
Hamorrhage, liver
Hydroureters

Dilated rens} palvis

Ectoplic avaries

Head - Bubcutanecus hemorrhage
Besd - thickencd dermal and

sybtufanscus tissue in occular raglon

Skelecal Examination

$kyil - delayed essification of
pariecal bone
wdnlayed casification of
interparieca] bona
»dalayad oss3ification of sny
skull bome
~unfused paristal and interpariscal
=bone islamd - interparletal

»misshapen parivtal and incerparietal

~qxtrs sltw of osxification
betvesn shull bone

-delayed oweiftcarion of
fygomatic arch

Vercebrae - delayed ocssliicatiom

of atlas

~delayed ossification of
thoracic centrum

+unfused cervical centrum

~ynfysed thoracic centrum

~delayed gusificacion of
cervical centrum

-missing one thoracle vertehrs
apd one lumbar vertebra

-nisaing all lumbsr and macral
vartebrae

=any missing vertebra

~fused vartebrae - thoracic region

=¢xira thoracle vertebra &
pair of riba

Kiba - unilateral spur on ist lumbar
~bilateral spurs on 1sc lumbar
-any dpurs on lst lumber
~unilateral wavy ribe
~bilatera) wavy ribe
=-any wavy tibs
~Closs I wavy ribs
=Class 11 wavy ribs
~any shortencd 12th rih
-missing 12th rth - unflaceral
=misaing 13th pair of ribs only
=minuing rlbs - multiple ribn
=any algxing Tiha
«0%tra Tiba

Sternchray - deloyed onsflicmtion
of sterachrae
=unona {1y d wtornchrae
=unfu<cd wirrncheas
=lund sty rnehtac

Limba & Digiin - delayed osniflcntion
ol motwarpeln

=detnyed weatflintton of wetacacaels
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TABLE A-) (Continuwd)

Route: Orinking Water - Exposure Lovel: O pps

Total Total

Animal Wumbers: 23-3950, 31, 32, 33, 54, 53, 83, &4, 63, 66, 67, 68, 77, 78, 79, 81, B3, %A, 9%, 96, 97, 96, 99, 00 Fetuesu Lirtecs
Mumber 3f Potuses Examfasd

EXTERNAL EXAMINATION 160 13 14 12 5 19 11 12 10 & 11 4 12 17 1 14 10 12 13 12 13 10 9 12 250 24

BOFT TISSUE LL\MINATION Y 4 % & 3 03 & & 3 3 4 3 4 4 1 3 3 b 4 4 L) 3 4 1] 24

SKELETAL FXAMINATION 10 13 14 12 5 10 i1 12 10 @& 11 & 12 12 1014 10 12 13 12 1 10 % 12 250 24

BKULL BONE EMAMINATION 7 9 % 8 2 1 7 8 37 5 1 1 8 8 0 9 1 & 9 & 7 6 8 164 22

-
Wunber of Fetuses Affecced

Jotal Major Malformations e 0 6 0 ¢ 0 o0 & o o o 0o 6 0O o 6 O 0 O 0o O 0 & O O

Extemnal Examination
Subcutanedus hemorrhage =

baad, peck, and pack 000000000000000000001000l 1
foft Tissus Examination

Aydrourstars
Beworrhage, liver
Head - subcutansous hemorrhage
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Skalecal Exsninarion

$kull « delaved ossiitcaction of

pariatal bune [} 2

~delayed ousificarion of
intecparietal bane ]
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any wkull bone ]
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Animal Wusbets:

EXTERNAL EXAMINATION
SOFT TISSUE EXAMINATION
SKELETAL EXAMINATION
SKULL BONE EXAMINATION

Total Major Halformations

gxrernal Ixamipation

Subcutaneoys hemorrhage -
haad, oack, 4nd back

Soft Tissue Examination

Hydrouseters
Wemorrhage, liver
Head ~ subcutaseous hesorrhags

Skelecal Examinarion

Skull ~ delayed onniftcation
of parietal bone
~delayed pssification of
interpariatal bone |
-dalayed oasification of
any skull bane
~unfused pariecal and interparietal
=~hone island, interparietal
~pinahapan parietar and lncerpariecsi
—extra site of oastfication
hatween skull boned
~delaysd ossiftication of
sygomatic arch

Vertebrae - dulayed ossification
of atiss
-dalayed ossification of
cervical centra
~delayed ovsification of
thoracic centrun
~ynfused cervical centrus
-unfused thorscic centrun
-missing oue thoracie vortebrs
and one lusbar vertabra
=migaing soqe thoractle, all lumbar,
and all sacral vertebras
=any aissing vartebra
~fused vertebrae - thoracic reglon
~aitrs thoraclc vertebra &
palr of ribs

Ribs - unflateral spurs on lst lushar
=bilateral apurs on 1st lusbar
~any apura on lst lymbar
-unilataral vavy ribs
~kilacers) vavy tiba
~any vavy ribs
=Class I wavy vibs
~Class 11 wavy ribe
-any shorceacd 12th rid
~miasing 12th vib - unilataral

saing 13ch patlr of ribs only

seing ribs ~ multiple ribs

-any miasing ribs

~extra rivs

Secenchrae - delayed oxwification
of srernehrae
~unoss{{icd aternchras
-unfuded aternvhiae
“fusid sl rncbtan

Limbe & D1gien = o layed onsifjcatlon
of metaipeia
=deinyed areiftcatlon of mtotaracis
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TABLE A-4

INDIVIDUAL BODY AKD LIVER WEIGHTS OF PREGNANT RABBITS EXPOSED TO VINYLIDENE CHLORIDE BY INHALATION

Exposure Level: O ppm {Concurrent Controls for 80 ppm)

Maternal Body Weight (kg) vaternal Body Weight Gain (kg) Maternal Liver Weight (Day 29)
Animal Day(s) of Gestation Absolute Relative
Number 6 12 19 29 6-11 12-18 19-28 (g} (g/kg Body Weipht)
33-6431 4,17 4,07 4.13 4.35 -0.10 0.06 0.22 112 25.75
-6432 4.51 4.60 4.65 4.75 0.09 0.05 0.10 100 21.05
-6433 4.75 4.74 4.73 4.81 -0.01 -0.01 0.08 122 25.36
-6434 4.51 4.47 4.62 4.68 -0.04 0.15 0.0C6 102 21.79
-6435 4.39 4.26 4.34 4,39 -0.13 0.08 0.05 113 25.76
-6436 3.91 3.84 3.79 4.00 -0.07 -0.05 0.21 79 19.75
-64637 .52 4.47 4.55 4,56 -0.05 0.08 0.01 0 19.74
-6447 3.58 3.52 3.60 3.82 -0.06 0.08 0.12 95 24.87
~6448 4.48 4,40 4.49 4.46 -0.08 0.09 -0.03 95 21.30
~-6449 4.64 4.53 4.48 4.47 -0.11 -0.05 ~-0.01 93 20.81
-6451 4.19 4,16 4.30 4.51 -0.03 0.14 0.21% 119 26.39
-6452 £.51 4.51 4.59 4.65 .00 0.08 0.006 92 19.78
-6466 4 46 4.45 4.40 4.35 -0.01 -0.05 -0.05 99 22.76
6467 3.98 3.93 4,05 4.05 -0.05 0.12 0.00 70 17.28
MEAN+SD 4.33#0.32 4.2820.34 4.3420.33 4.42:0.29 -0.0520.06 0.06x0.07 0.0720.10 99+14 22.31+2.86
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Maternal Body Weight (kg)

TABLE A-4 (Continued)

Exposure Level:

80 ppm

Maternal Body Weight Gain (kg)

Maternal Liver Weight (Day 29)

Animal Day(s) of Gestation Absolute Relative
Number 6 12 19 29 6-1T T12-18 19-28 " (g) (g/kg Body Weight)
33-6409 3.98 4,12 4.25 4.45 0.14 0.13 0.20 125 28.09
6410 3.94 4,12 4.24 4.37 0.18 0.12 0.13 105 24.03
6411 4.10 4 .08 4.18 4.38 -0.02 0.10 0.20 106 24.20
6412 3.43 3.41 3.14 3.38 -0.02 -0.27 0.24 94 27.81
6413 3.89 3.89 3.89 4.19 0.00 0.00 0.30 93 22.20
6414 4.10 4.17 4.02 4.25 0.07 -0.15 0.23 116 27.29
6415 4,15 4.11 3.84 4.04 -0.04 ~-0.27 0.20 115 28.47
6417 4.19 4.11 3.94 4,22 -0.08 -0.17 0.28 127 30.09
6419 4.30 4.32 4.97 4.72 0.02 0.55 -0.15 97 20.55
6420 3.93 3.91 3.76 4.18 -0.02 -0.15 0.42 112 26.79
6421 4.38 4.29 3.94 4.41 -0.09 -0.35 0.47 112 25.40
6422 3.50 3.56 3.58 3.84 0.06 0.02 0.26 112 29.17
6423 4.14 4.10 4.17 4 .54 -0.04 0.07 0.37 105 23.13
6424 4.03 3.94 3.64 3.95 -0.09 -0.30 0.31 117 29.62
6425 3.97 3.85 3.84 3.93 ~0.12 -0.01 0.09 98 24.94
6427 4.55 4 .46 4.53 4.69 -0.09 Q.07 0.16 112 23.88
6428 4.73 4.41 4 .60 4.62 -0.32 0.19 0.02 98 21.21
6430 3.51 3.43 3.40 3.77 -0.08 -0.03 0.37 83 22.02
MEAN+SD 4.04%0.34* 4.02+0.30% 4.00+0.44% 4.22+0.35 -0.03£0.11 -0.02+0.22 0.2320.15* 107+12% 25.33+2,97%
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Maternal Body Weight (kg)

TABLE A-4 (Continued)

Exposure Level: 160 ppm

Maternal Body Welght Gain {(kg}

Maternal Liver Weight (Day 29)

Animal Day{(s) of Gestation Absolute Relative
Number 6 12 19 29 6-11 12-18 19-28 {g) {g/kg Body Weight}
33-6241 4.61 4.19 4.00 4.40 -0.42 -0.19 0.40 116 26,36
6242 4.06 3.98 3.87 4.20 -0.08 -0.11 0.33 87 20.71
6244 1.73 3.7% 3.74 4 .05 ~0.02 Q.03 0.31 111 27 .41
6245 3.97 3.85 3.72 3.99 -0.12 -0.13 0.27 101 25.31
6246 4.47 447 4.61 4.69 0.00 0.14 .08 116 24.73
6248 3.92 3.85 3.85 4.05 -0.07 .00 0.20 110 27.16
6249 3.36 3.18 3.16 3.19 -0.18 -0.02 0.03 13 22.88
6250 4.12 4.03 4.07 4.24 ~0.09 0.04 0.17 142 33.49
6251 4.11 3.63 3.32 3.78 ~0.48 -0.31 0.46 113 29.88
6252 4.82 4.68 4.59 4.80 ~-0.14 ~0.09 0.21 133 27.71
6253 3.85 3.58 3.52 3.63 ~0.27 -0.06 0.11 ND ND
6254 4.30 4.00 3.80 4.10 ~0.30 -0.20 0.30 133 32.44
6255 3.86 3.74 4.00 4.01 -0.12 0.36 0.01 91 22.6%
6256 3.70 3.62 3.63 3.73 -0.08 0.01 0.10 90 24.13
6257 4.2) 4.06 4.05 4.23 -0.15 -0.01 g.18 112 26.48
MEAN$SD 4.07+0.38 3.9020.37 3.86+0.40 4.07:0.40 -0.1720.14*% -0.0420.14% 0.21x0.13*% 109x19 26.53+3.61

ND = no data available.

See Table

for summary data.

*Significantly different from the concurrenmt control value by a one-way analysis of variance, p<0.05.




INDIVIDUAL LITTER SUMMARY OF OBSERVATIONS MADE AT THE TIME OF
CESAREAN SECTION OF RABBITS INHALING VINYLIDENE CHLORIDE

Exposure Level:

TABLE A-5

0 ppm (Concurrent Controls for 80 ppm)

Animal Corpora Pregnancy Crown-Rump
Numb er Lutea Implantations Resorptions Body Weight Length
(wm)

33-6431 9 9 0 0 9 1:8 98.3
6432 10 10 0 0 10 4:6 94.1
6433 10 11 0 3 8 3:5 95.9
6434 12 12 0 1 11 5:6 91.2
6435 5 4 1 2 2 2:0 99.2
6436 9 8 0 0 8 4:4 94.0
6437 9 9 0 0 9 2:7 89.0
6438 Delivered on day 28 of gestation.
6447 8 8 a 8 6:2 96.4
6448 9 9 0 9 7:2 96.4
6449 8 8 2 6 3:3 91.8
6450 Dead on day 16 of gestation; pneumonia-related.
6451 11 11 0 1 6:5 94.5
6452 10 10 0 9 7:2 97.5
6466 i1 10 1 7 5:2 93.2
6467 9 9 0 9 5:4 93.5

MEAN:SD  9%2 92 94.6%2.8
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TABLE A-5 (Continued)

Exposure Level: B0 ppm

Sex
Animal  Corpora Pregnancy Litter  Ratio Fetal Crown—Rump
Number Lutea Implantations Wastage Resorptions Size M:F Body Weight Length
(8) (mm})
33-6409 10 10 0 1 9 5:4 40.2 93.2
6410 12 11 1 1 10 6:4 36.7 91.8
6411 9 9 0 1 8 7:1 41.4 S54.4
6412 7 7 0 0 7 3:4 34.5 91.3
6413 9 9 0 0 9 3:6 39.54 94,2
6414 14 11 3 1 10 5:5 33.6 90.2
6415 9 9 0 2 7 5:2 30.6 87.4
6416 Delivered on day 28 of gestation.
6417 12 12 0 1 11 6:5 33.7 93.8
6418 Dead on day 23 of gestation; enteritis-related; pregnant.
6419 7 9 0 2 7 4:3 47.0 98.2
6420 9 9 0 o 9 5:4 40.3 99.8
6421 12 11 1 3 8 6:2 34.2 91.6
6422 8 8 0 0 8 6:2 32.1 91.3
6423 9 9 0 1 8 4:4 42.6 97.7
6424 7 8 0 0 8 6:2 29.6 85.9
6425 10 11 0 0 11 2:0 29.4 87.9
6426 Non-pregnant.
6427 7 8 0 0 8 4:4 38.4 97.3
6428 9 9 0 0 9 4:5 38.1 96.3
6429 Implantation sites detected only after sodium sulfide staining.
6430 8 8 0 0 8 6:2 42.6 99.3
MEAN+SD g+2 911 0.3+0.8 0.710.9 9+1 87:68 36.9+5.0 93.4%4.1
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Exposure Level:

TABLE A-5 {Continued)

0 ppm (Concurrent Controls for 160 ppm)

Sex
Animal Corpora Pregnancy Litter Ratio Fetal Crown-Rump
Number Lutea Implantations Wastage Resorptions Size M:F Body Weight Length
(8) {mm})
33-6298 9 5 4 o 5 3:2 36.6 91.9
6299 8 5 3 0 5 2:3 43.3 93.8
6300 8 8 0 0 8 4:4 36.6 95.6
6301 Non-pregnant.
6302 Non-pregnant.
6303 9 9 0 2 7 4:3 45.1 101.0
6304 12 12 Q 1 11 8:3 28.3 88.2
6305 9 9 o 0 9 4:5 40.1 99.8
6318 12 11 1 0 11 7:4 30.7 B7.4
6319 Dead on day 25 of gestation; pneumonia-related; pregnant.
6320 10 14 0 0 14 6:8 25.6 80.8
6321 6 8 0 0 8 7:1 32.2 89.3
6322 11 11 0 0 11 5:6 33.3 89.8
6323 8 9 0 0 9 2:7 39.4 98 .8
6324 12 12 0 0 12 5:7 42.3 95.9
6325 7 2 5 1 1 1:0 53.3 101.7~
MEAN+SD 9+2 943 1.0£1.8 0.320.6 843 58:53 37.4127.6 93.426.2
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TABLE A-5 (Continued)

Exposure Level: 160 ppm

Sex
Animal Corpora Pregnancy Litter Ratio Fetal Crown~Rump
Number Lutea Implantations Wastage Resorptions Size M:F Body Weight Length
(g) (mm)
33-6241 12 12 0 9 3 1:2 32.6 85.8
6242 10 8 2 0 8 6:2 40.3 96.5
6243 Dead on day 22 of gestation; perimetritis-related; pregnant.
6244 12 11 1 1 10 8:2 35.4 5.4
6245 10 10 0 0 10 5:5 36.4 93.6
6246 9 9 0 1 8 3:5 34.2 90.6
6247 Non-pregnant; purulent inflammation of the ovaries.
6248 11 11 0 0 11 5:6 25.2 82.6
6249 7 6 1 0 6 4:2 38.24 91.6
6250 9 9 0 2 7 3:4 34.5 93.2
6251 8 6 2 6 0
6252 10 8 2 2 6 5:1 40.6 96.0
6253 0 9 0 9 0
6254 7 11 0 11 0
6255 8 8 0 0 8 3:5 38.4 97.6
6256 8 7 1 0 7 2:5 38.9 97.7
6257 7 7 0 .0 7 3:4 37.1 94 .6
6258 Dead on day 28 of gestation; pneumonia-related; pregnant.
MEAN+SD 83 9+2 0.6:0.8 2,7%¢3.9 * 6x4 48:43 36.0%4.2 92.9%4.7

aOne male fetus from litter No. 33-6244 was noted to be dead at the time of cesarean section.

*Significantly different from the concurrent control value by a one-way analysis of variance, p<0.05.




TABLE A-6

INDIVIDUAL LITTER SUMMARY OF FETAL ALTERATIONS AMONG LITTERS OF RABBITS
EXPOSED TO VINYLIDENE CHLORIDE BY INHALATION

Exposyre Level:

Animal Numbers:

EXTERNAL EXAMINATION
SQFI TISSUE EXAMINATION
SKILETAL EXAMINATION

Total Major Malformations

External Examination

Edcma - neck and abdominal region

Soft Tissue Examination

Dilated cerebral ventricles

Heart - thinning of right
ventricular wall

Satcllite vessel off .orta

Satellite vessel off
innocminate arcery

Fused lceft carocid and
innominate arcery

Kidney - cortical indentatien
unilateral

Skeletal Examination

Skull - delayed ossification
~frontal ridge
~-foramen, frontal
~foramen, parietal
-axtra suture lines, parjetal
~bone island, parietal
-extra site of ossification
~between occlipital condyles

and atlas

Vertebrae ~ hemjvertebrae rhoracic
region with corresponding
fused or forked rib &
migshapen centra

~extra and misshapea left
vertchrae
~extys cervical vertebrae

Ribs = 11 riby on left &

12 ribs on righc
-ghortened lst thovactic rib
~13th ribs - bilateral
~13th rib - untlateral
=lumbar spurs '

Sternebrac - delayed ossificarion
of 2nd Btornebra
~delayed ossification of Sth
~delayed ossification of 6th
~unfusod
~fuscd
~extra site of ossification

between Sth & 6th

Linbs » delayed ossifleation of
phalangea in first digde,
bilateral
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Animal Numbers:

EXTERNAL EXAMINATION
SOFT TISSUL EXAMINATION
SKELETAL EXAMINATION

Total Major Malformations

External Examination

Edema - neck and abdominal region

Soft Tissuc Examination

Dilated cerebral ventricles

Heart - thinning of right
ventricular wall

Satellice vessel off aorta

Satellite vessel off
innominate artery

Fused left carotid and
innominate arceries

Kidney - carotid indentation
unilater:sl

Skeletal Eramination

Skull - delayud vesification
-frontal ridge
~foramen, frontal
—foramen, parietal
~axtra suture lines, parietal
=bone 1sland, parietal
~axtra site of ossification
between occipital
condyles and aclas

Vertebrae - hemivertebrae thoracic
region with corresponding
fused or forked rib and
misshapen centra
—extrs and misshapen
lumbar vertebrae
~axtra cervical vertebrae

Ribs =~ 11 ribs on left &
12 ribs on right
=ghortencd lst thoraclec rib
~13th rih - bilateral
-13th rib - unilateral
~lumbar epurs

Sternebrae - delnyed ossification
of 2nd sternchra
—delayed ossificatfon of 3th
~delayed vssliication of 6th
—unfused
~fused
~extra site of o-utfication

between 3th & Lth

Limbs « delnyed ossification
of phalanges In first digit,
bilateral
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33-6409, 10, 11, 12, 13, 14, 15, 17, 19, 20, 21, 22, 23, 24, 25, 27, 28, 30 Fetuses lLitrers
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Anipal Numbers:

EXTERNAL EXAMINATION
SOFT TISSUE EXAMINATION
SKELETAL' EXAMINATION

Total Major Malformacions

External Examination

Edema - neck and abdominal tregion

Soft Tissue Exemination

Dilated cerebral ventricles

Heart - thinning of righ-
ventricular wall

Satellite vessel off aorta

Satellite vessel off
innominate artery

Pused left carotid and
{nnominace arterfes

Kidney - cortical indent.tion
unilateral

Skeletal Examination

Skull - delaycd ossification

=-frontal ridge

~forsmen, frontal

~foramen, parictal

«pxtra suture lipes, p rietal

-bone isiand, paricial

-extra site of ossific.tion
between occipital
condyles and atlas

Vertebrae - hemivertebrad thoracle
region with corresponding
fused or forked rib and
misshapen centra

~lumbar vertebrae
-gxtra cervical vertebrae

Ribs - 11 ribs on left &

12 ribs on right
=shortened lat thoracic rib
~13th ribs - bilateral
~13th ribs - unilateral
=lumbar spurs

Sternebrae - delayed oasification of

2nd aternebra

~delayed ossification of
Sth sternebrae

~delayed ossification ot
6th sternebrac

~unfused

~fused

~extrs site of oxsification
between Sth & 6th

Limbs = dedayed owdffcation of
phalangen to flyat digit,
hilateral

*Significantly different trom the concurrent vontrol value by o unc-way asalysis of variance, p<0.03,

33-6241, 42, 4, 45, 46, 4B, 49, 50, 52, 55, 56, 57, 58 Fetuses
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Exposure Level:

Animal Numbers:

EXTERNAL EXAMINATION
SOFT TISSUE EXAMINATION
SKELETAL EXAMINATION

Total Major Malformations

External Examination
Rdema - neck and abdominal region

Soft Tissue Examination

pPilated cerebral ventricles

Heart - thinning of right
ventricular wall

Satellite vessel off aorta

Satellite vessel off
innominate artery

Fused left carotid and
innominate artercies

Kidney ~ cortical indentation
unilateral

Skeletal Examination

Skull - delayed oszification

~frontal ridge

-foramen, frontal

=foramen, parietal

-axtra suture lines, parietal

~bone island, parietal

-axtra site of ossification
between occipital
condyles and atlas

Vertebrae - hemivertebrae thoracic
region with corresponding
fused or forked rib &
misshapen centra
~extra and misshapen
lumbar vertebrae
=extra cervical vertebrae

Ribs - 11 ribs on left &

12 ribs on right
-shortened )st thoracic rib
=13¢th ribs - bilateral
=13th ribs - unilateral
=Jumbar spurs

Sternebrae - delayed ossification
of 2nd sternchra

=delayed owsification of
Sth sternebhrac

=delnyed onsifleation of
6th sterncbrac

—unfysed

~fused

~extra sitc of ossification
between 5th & 6th

Limbs - delayed ogsification of
phalanges in first digie,
bilateral

TABLE A-6 (Continued

0 ppa (Concurrent Control for 160 ppm)

Total Total

33-6298, 99, 300, 03, 04, 05, 18, 20, 21, 22, 23, 24, 25 [Fetuses Litters
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On the day of cesarean section, the females were sacrificed
by carbon dioxide inhalation; the uterine horns were ex-
teriorized through a mid-line incision in the abdominal
wall, and the number and position of live, dead, and resorbed
fetuses were noted. The uteri of apparently non-pregnant
animals were stained with a 10% solution of sodium sulfide
and examined for evidence of early resorption sites (Kopf et
al., 1964); this procedure was conducted for the sole
purpose of determining the percentage of pregnancy, not the
incidence of resorptions, After being weighed, measured
(crown-rump length), and sexed, all fetuses were examined
for external alterations and cleft palate. One-third of the
fetuses of each litter, selected at random, was examined
immediately for evidence of soft-tissue alterations by
dissection under a low power stereo-microscope (Staples,
1974). The head of each rat fetus which was examined for
soft-tissue alterations was placed in Bouin's solution and
subsequently examined by the razor section technique of
Wilson (1965). All of the fetuses in each litter were
eviscerated and placed in 95% ethanol and were cleared and
stained with alizarin red-S (Dawson, 1926) to facilitate

examination for skeletal alterations,

Statistical Evaluation. The incidences of pregnancy and

resorptions were analyzed statistically by the Fisher exact
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