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EMBRYOTOXICITY OF INHALED BENZENE IN MICE AND RABBITS

By: F. J. Murray, J. A. John, L. W. Rampy, A. A. Crawford,
K. D. Nitschke, R, P. Kalnins, and B. A. Schwetz

Summary

The effect of inhaled benzene on embryonal and fetal develop-
ment was assessed in mice and rabbits. CF-1 mice and New
Zealand white rabbits were exposed to 0 or 500 ppm of benzene
for 7 hours per day from days 6 through 15 (mice) and 6
through 18 (rabbits) of gestation. Little evidence of
maternal toxicity was discerned in either species. Exposure
to benzene altered the incidence of some minor skeletal
variants among the offspring of both species. In mice, a
significant decrease in fetal body weight was noted.

Although some evidence of embryotoxicity was seen in both

species, a teratogenic effect was not observed in either

mice or rabbits inhaling 500 ppm of benzene.




INTRODUCTION

Benzene (benzol, CGHG) is used primarily as a starting

material in the production of a wide variety of organic

chemicals. Benzene is also used as an industrial solvent

and as an anti-knock agent in gasoline. Acute exposure to

benzene vapors produces central nervous system depression

Occupational exposure to high levels of

(Browning, 1965).

benzene on a chronic bhasis has been associated with leukemia

(Aksoy et al., 1972a; 1974; Berlin, 1974), aplastic anemia

(Saita, 1973; Aksoy, 1972b), and chromosomal aberrations

(Pollini and Colombi, 1964; Vigliani and Forni, 1969; Forni

et al., 1971). The OSHA-proposed standard for an occupa-

tional exposure to benzene for 8 hours per day, 5 days per

week is 1 ppm (OSHA, 1977).

Several studies have been conducted in laboratory animals to

evaluate the potential teratogenicity of benzene. Watanabe

and Yoshida (1970) reported cleft palate, agnathia, and

micrognathia among the offspring of mice given a massive

subcutaneous injection of 3 ml benzene/kg body weight on day

13 of gestation. In another study, pregnant rats were

exposed to 0, 10, 50, or 500 ppm of benzene for 7 hours per

day from days 6 through 15 of gestation (unpublished data,
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‘collected for hematologic evaluation.

Hazleton Laboratories Corp., Vienna, Va.). A low incidence
of malformations (exencephaly, angulated ribs, and non-
sequential ossification of forefeet) was observed among the
litters of rats exposed to 500 ppm, suggesting a possible
teratogenic effect at that concentration. In contrast,
Green et al., (1978) found no evidence of a teratogenic
effect in Sprague-Dawley rats inhaling 300 or 2200 ppm of
benzene for 6 hours per day from days 6 through 15 of

gestation.

The purpose of the study presented herein was to assess the
effect of inhaled benzene on embryonal and fetal development
in two additional species. For these studies, pregnant CF-1
mice and New Zealand white rabbits were exposed to 500 ppm

of benzene by inhalation for 7 hours per day from days 6
through 15 (mice) and 6 through 18 (rabbits) of gestation.
Since the development of leucopenia has been demonstrated

in rats, guinea pigs, and rabbits following repeated exposure
to benzene vapors (Wolf et al., 1956), blood samples from

the female mice and rabbits and from rabbit fetuses were

This work was sponsored

jointly by Exxon Corporation and The Dow Chemical Company.

Do 136417
CONFIDENTTAL




MATERIALS AND METHODS

Test Material. Benzene, identified as ID95-01000-0070, was

supplied by Exxon Chemical Company U.S.A., Houston, Texas.
The test sample was analyzed at the Analytical and Information
Division, Exxon Research and Engineering Company, Linden,

New Jersey (Table 1). On at least two days of exposure,

however, the test animals were exposed inadvertently to a

sample of benzene obtained from Mallinckrodt Chemical Company;
the Mallinckrodt benzene was identified as nanograde

gquality, Lot No. 1043B3. Samples of both the Exxon and
Mallinckrodt benzenes have been retained for possible compara-

tive analysis.

Test Animals. Virgin CF-1 mice (Charles River, Portage,

Michigan) and New Zealand white rabbits (Langshaws Rabbitry,
Augusta, Michigan) were housed in wire mesh cages in a room
controlled for temperature (70+3°F), humidity (45+5%), and
light cycle (12 hrs light and dark). The animals were
maintained on commercial laboratory chow (Ralston Purina
Company, St. Louis, Missouri) and tap water free choice
except while in the exposure chambers. Mice and rabbits
were allowed at least two and three weeks, respectively, for

acclimatization to the laboratory before use. The day on




which a vaginal plug was observed in mice or. the day on
which rabbits were bred was considered day zero of gesta-
tion. The animals were uniquely identified by means of an

ear punch (mice) or a metal ear tag (rabbits).

Experimental Design. Groups of 35 and 37 bred mice were

exposed in chambers to filtered room air or 500 ppm of
benzene, respectively, for 7 hours per day from days 6
through 15 of gestation. Concurrently, groups of 20 bred
rabbits each were exposed in the same chambers to filtered
room air or 500 ppm of benzene for 7 hours per day from days

6 through 18 of gestation.

Inhalation studies were conducted under dynamic airflow
conditions in stainless steel and glass Rochester-type

chambers of 4.3 cubic meter volume. The atmosphere was

generated by metering liquid benzene at a known rate into a

heated vaporization flask and then into the airstream being
drawn into the chamber. Concentrations achieved in the
chambers were analyzed daily throughout exposure by alter-
nately sampling the experimental and control chambers at

60 and 30 minute intervals, respectively, using a Miran I

infrared spectrophotometer at a wavelength of 3.25u.




Standard samples were prepared daily by injegting known
quantities of benzene into 100 liter plastic bags. The time
weighted analytical concentration of benzene in the exposure

chamber was 507:12 ppm (mean t standard deviation).

Maternal Observations. The animals were observed daily from

days 6 of gestation until sacrifice for indications of
toxicity from the test material. The mice were weighed on
days 6, 8, 10, and 16 of gestation; the rabbits were weighed
on days 6, 8, 10, 12, and 19 of gestation. In addition,
maternal body and liver weights were recorded at the time of
cesarean section, day 18 and 29 of gestation for mice and
rabbits, respectively. Food and water consumptions were
recorded during the experimental period at 3-day intervals

for the mice and daily intervals for the rabbits.

Fetal Examination. On day 18 and 29 of gestation, the mice

and rabbits, respectively, were sacrificed by carbon dioxide
inhalation. The uterine horns were exteriorized through a
mid-line incision in the abdominal wall, and the number and
position of live, dead, and resorbed fetuses were noted. The
uterus of each apparently non-pregnant female was stained

with a 10% solution of sodium sulfide and examined for evidence

of early resorption sites (Kopf et al., 1964); this procedure
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was conducted solely for the purpose of determining the

incidence 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 mouse 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 cleared and stained with alizarin red-S (Dawson,

1926) to permit examination for skeletal alterations.

Hematologic Evaluation. At the time of cesarean section

blood samples were obtained through an incision in the neck
of individual rabbit fetuses from five different litters
of the control and benzene-exposed groups. The followiAg
parameters were analyzed: packed cell volume, hemoglobin
content, red blood cell counts, and white blood cell counts.
Hematologic determinations were not conducted on fetal

mice since sufficient quantities of blood to perform the

evaluations could not be obtained.

A?'\
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Additional groups of eight bred mice and four bred rabbits
each were exposed to 0 or 500 ppm of benzene for 7 hours
per day from days 6 through 15 (mice) and 6 through 18
(rabbits) of gestation. Blood samples were obtained from
maternal mice by decapitation on day 16 of gestation and
from maternal rabbits by cardiac puncture on day 19 of
gestation. The following parameters were analyzed: packed
cell volume, hemoglobin content, red blood cell counts,
white blood cell counts, and differential white blood cell

counts.

Statistical Evaluation. The Wilcoxon test as modified by

Haseman and Hoel (1974) was used to evaluate the incidence

of fetal alterations and resorptions. Maternal and fetal
body weights, maternal liver weights, food and water consump-
tion data, and hematologic data were analyzed statistically
by a one-way analysis of variance (Steel and Torrie, 1960).

In all cases, the level of significance chosen was p<0.05.
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RESULTS

Maternal Toxicity. Exposure of bred mice and rabbits to

500 ppm of benzene for 7 hours per day had no significant
effect on the dams' appearance, demeanor, body weight, body
weight gain, or liver weight (Tables 2 and 3). Food and
water consumptions of pregnant mice were not altered by
inhalation of benzene (Table 4). 1In comparison, the amount
of food and water consumed by the pregnant rabbits exposed
to benzene was significéntly greater than that of the con-
trols on a few days toward the end of the exposure

{Tables 5 and 6).

Embryo- or Fetotoxicity. Inhalation of 500 ppm of benzene

did not significantly affect the incidence of pregnancy in
either mice or rabbits (Tables 7 and 8). No significant
effect on the average number of live fetuses per litter or
on the incidence of resorptions was discerned in either

species.

Mean fetal body weight but not crown-rump length was decreased

@
' significantly among litters of mice exposed to benzene
(Table 7). In rabbits, neither fetal body measurement was

altered significantly by exposure to benzene (Table 8).




Fetal Alterations. Among the offspring of mjce exposed to

benzene, no major malformation occurred at an incidence

significantly different from that of the controls (Table 9).

Cleft palate was observed in single fetuses in both control
and benzene-exposed groups of mice; in the latter case, the
fetus with cleft palate also exhibited asymmetric vertebrae
as well as forked and fused ribs. Significant increases in
the occurrence of several minor skeletal variants were seen
in litters of benzene-exposed mice, including delayed ossifi-
cation of sternebrae, delayed ossification of skull bones,

and unfused occipital bones of the skull.

In rabbits, exposure to benzene did not significantly alter
the occurrence of fetal malformations, when considered
individually or collectively (Table 10). A single case of
gastroschisis was noted in a litter exposed to benzene.
Fused thoracic vertebrae accompanied by fused and forked
ribs were observed in another benzene exposed litter.
Another exposed fetus exhibited fused ribs only. No major
malformations were observed among the control group. TwoO
minor skeletal variants, i.e., 13 rib(s) and lumbar spurs
occurred significantly less often among the litters of

rabbits exposed to benzene.




Hematologic Evaluation. Exposure to 500 ppm-of benzene from

days 6 through 18 of gestation did not produce any signifi-
cant hematologic changes among the fetal rabbits (Table 11).
Hematologic evaluation of fetal mice was not performed since
a sufficient quantity of blood could not be obtained.
Hematologic values of adult bred mice and rabbits exposed to
benzene were not significantly different from the control

values.

DISCUSSION

Benzene was not teratogenic in either mice or rabbits inhal-
ing 500 ppm of the compound for 7 hours per day. The few
malformations which were observed among the beﬁzene—exposed
litters were tyﬁes that have been noted to occur spontaneously
at a low incidence in previous control groups. In comparison,
a possible teratogenid effect was reported in rats exposed

to 500 ppm of benzene for 7 hours per day from days 6

through 15 of gestation (unpublished data, Hazleton Laboratories

Corp. Vienna, Va.); however, Green et al. (1978) did not

observe teratogenicity in rats inhaling up to 2200 ppm of

benzene for 6 hours per day on the same days of gestation.




The lack of teratogenicity observed in the present study
contrasts with the findings of Watanabe and Yoshida (1970);

in that study, cleft palate was observed in three of fifteen
litters of mice given a single subcutaneous injection of 3

ml benzene per kg body weight on day 13 of gestation. However,

it is possible that the low incidence of cleft palate which

was attributed to benzene by Watanabe and Yoshida was actually

produced by the stress of such a massive subcutaneous injec-
tion; unfortunately, a negative control group was not included
in that study. 1In the present study, one fetus with cleft

palate was observed in each of the control and exposed

groups.

Although a teratogenic effect was not discerned, some
evidence of fetotoxicity was noted in mice inhaling benzene.
Increased incidences of delayed ossification of skull bones
and sternebrae were observed among the offspring of mice
exposed to benzene. This effect was associated with a
decrease in the average fetal body weight. In rabbits, the
only evidence of an effect on embryonal or fetal development
was a decrease in the occurrence of two minor skeletal

variants: 13 ribs (the normal number is 12 or 13) and

lumbar spurs.
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Green et al. (1978) reported increased frequencies of
delayed ossification of sternebrae and missing sternebrae in
female but not male offspring of rats exposed to benzene. A
similar correlation between the occurrence of minor skeletal
variants and the sex of the fetus was not observed in the

present study.

The concentration of benzene tested in this study, 500 ppm,
was markedly higher than the OSHA-recommended standard of 1
ppm (OSHA, 1977). However, the margin of safety may be even
greater than indicated by exposure level alone since the
amount of air inhaled by mice and rabbits in proportion to
their body weight is approximately 5 and 10 times, respec-
tively, that of humans (Handbook of Respiration, 1971).
Thus, the findings of the present study, along with those of
Green et al. (1978) do not indicate that benzene is

uniquely hazardous to the unborn at levels of exposure

which might be encountered in the workplace.

In summary, a teratogenic effect was not discerned in either
mice or rabbits inhaling 500 ppm of benzene for 7 hours per

day during the period of major organogenesis. Exposure to
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500 ppm of benzene resulted in some minor variations in the
development of the fetal skeleton in both species, but

serious embryotoxicity or fetotoxicity was not observed.
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TABLE

RESULTS OF ANALYTICAL TESTING
BENZENE - ID 95-01000-00702

TEST

Color, Acid Washed
(ASTM 0848)

RESULTS

Sample Layer No. O
Acid Layer No. 1

Color, Platinum-Cobalt Pt-Co 5
{ASTM D 1209
Distillation, ASTM D350 5% 80.0°C
10% 80.1
760 mm Hg @ 26°C 20% 80.1
30% 80.3
40% 80.3
50% 80.3
60% 80.3
70% 80.3
80% 80.3
90% 80.3
95% 80.3
IBP 79.4
FBP 80.6
Recovery 97.5%
Loss 2.4%
Bottoms 0.1%
Sulfur Content, Total <1 ppm
(AM-S 60.23)
ﬂQS Rating >0.0, <0.5
Specific gravity @ 60/60°F 0.88437
G.C. For Trace Impurities
Total Non-Aromatics 68 ppm
Toluene 199 ppm
Bromine Index, ASTM D2710 4,15
Corrosion, Cu Strip, ASTM D 130 1A - 3 hrs. @ 212°F

Acidity, ASTM D1613

2ps reported by J. M. Mul
Research and Engineering

Basic Sample

hall, Analytical and Information Division, Exxon
Company, Linden, New Jersey, 07036.
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TABLE 2

BODY AND LIVER WEIGHTS OF PREGNANT MICE EXPOSED TO BENZENE BY INHALATION

Benzenea

Number of damsb 30

Maternal body weight (g)
on gestation

day 6
8
10
16
18

Maternal weight gain (g)
on gestation

days 6-7 -0.3+2
8-9 2+2

10-15 9+2
16-17 5+1

Total 16+3

Liver weight on day 18
of gestation

absoluted 3.08+0. 38 3.16+0.
relative® 61.1+5.4 62.5+5.

Mice were exposed to 500 ppm benzene for 7 hrs/day on days 6-15 of
gestation.

bData from non-pregnant mice were not included in these analyses.

Mean + S.D. '

dg, mean + S.D.

emg liver/g body weight, mean + S.D.

“No values were significantly different from control values by a one-way
analysis of variance, p<0.05.

See Table A-1 for individual animal data.
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TABLE 3

BODY AND LIVER WEIGHTS OF PREGNANT RABBITS EXPOSED TO

Number of doesb

Maternal body weight (kg)

on gestation

Maternal weight gain (kg)

on gestation
days

6-7
8-9
10-11
12-18
19-28

Total

Liver weight on day 29

of gestation

abso]uted
relative®

BENZENE BY INHALATION

Control

Benzene

a

E_JE_ I - SUE

(= elololole

18

.06+0.
.96%0.
.0250.
.06%0.
.10%0.
.1770.

0540,
.02%0.
. 2070,
.08%0.

—

.07%0.
1140,

98+16

Nn°¢
20
28

34
35

23.7+4.0

PP Wwwww

O OCOO0O00o

19

.93+0.
.8870.
.89%0.
.90%0.
.00%0.
1230,

.07+0.
.02%0,
.02+0.
.09%0.
1170,

.19+0.

105+10

15
12
10
08
16

17

25.5+2.4

4rabbits were exposed to 500 ppm benzene for 7 hrs/day on days 6-18 of

gestation.
b

“Mean + §8.D.
dg, mean + 5.0,

®5 liver/kg body weight, mean + S.D.

No values were significantly different from control values by a one-way
analysis of variance, p<0.05.

See Table A-2 for individual animal data.

Data from non-pregnant rabbits were not included in these analyses.
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TABLE 4

FOOD AND WATER CONSUMPTION OF PREGNANT MICE EXPOSED TO BENZENE BY INHALATION

Control Benzene?

Number of damsb 26 30

Amount of food consumed®
daily during gestation

days 6-8
9-11
12-14
15-17

Amount of water consumed®
daily during gestation

days 6-8 10+2 9+2
9-11 12+3 1142

12-14 13+2 1242
15-17 14+2 14+2

Mice were exposed to 500 ppm benzene for 7 hrs/day on days 6-15 of
gestation.

bData from non-pregnant mice were not included in these analyses.
cExpressed as grams/mouse/day.
Mean + S.D.

No values were significantly different from control values by a one-way
analysis of variance, p<0.05.
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TABLE 5

FOOD CONSUMPTION OF PREGNANT RABBITS EXPOSED TO BENZENE BY INHALATION

Control Benzene®
Number of does” 18 19
Amount of food consumed®
on gestation
day 6 121+369 142453
7 144+34 143+46
8 146+35 161+36
9 149+42 160+46
10 148+60 160+24
1 132429 156+43
12 140+35 139+27
13 134+29 143+23
14 142+33 146+23
15 139+50 159+41
16 134+31 162+37°
17 124+43 166+36°
18 136+44 164+39
19 140452 188+41°
20 159+40 167+46
21 143+42 141453
22 125+42 129+60
23 118+48 118+63
24 111+60 108+48
25 98+64 98+44
26 86+66 105+49
27 85+52 111+42
28 100+53 123+45

Rabbits were exposed to 500 ppm benzene for 7 hrs/day on days 6-18 of gestation.
bData from non-pregnant rabbits were not included in these analyses.

CExpressed as grams/rabbit/day. DO 136436
Al
Iean + S.D. CONFIDENTT

eSignificant]y different from control value by a one-way analysis of
variance, p<0.05,




WATER CONSUMPTION OF PREGNANT RABBITS EXPOSED TO BENZENE BY INHALATION

Number of does

Amount of water consumed®

on gestation

b

day 6
7
8
9

10
1"
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

Control Benzene®
18 19
187+1101 1424128
268+64 246+100
298+79 300+72
278+63 295+76
281+75 295+65
258+46 269+76
271+80 264+50
267+78 298+97
278+65 297452
242+60 292+62°
270+85 290+38
237+84 287+84
233+88 327+64°
252475 338+69°
270+78 311493
256+88 274+101
256+84 265+98
295+126 249+112
272+109 239+98
234+129 256+86
237+103 245+73
237+136 23173
201+100 277+77°

qpabbits were exposed to 500 ppm benzene for 7 hrs/day on days 6-18 of

gestation.

bData from non-pregnant rabbits were not included in these analyses.

CExpressed as grams/rabbit/day.

YMean + S.D.

Do 136437
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eSignificant1y different from control value by a one-way analysis of
variance, p<0.05.
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TABLE 7

OBSERVATIONS AT CESAREAN SECTION AMONG MICE

EXPOSED TO BENZENE BY INHALATION

No. of bred females

No. maternal deaths
Percent pr‘egnantb
Percent pregnant, total®

Proportion of pregnant
animals detected by
sulfide stain

No. litters examined
Implantation sites/dam®
No. fetuses/litter®
Resorptions/1itter®f
Reporptions/implantations
Litters with resorptionsf
No. litters totally resorbed

Resorptions/litters with
resorptionsf

Dead fetuses/total fetuses
Sex ratio, M:F

Fetal body weight, g9

Fetal crown-rump length, mmJ

f

f

Control

Benzene®

35
(0/35)
74%(26/35)
86%(30/35)

13%(4/30)
26
12+2
11+2
2+1
12%(39/318)
69%(18/26)
0

2.2(39/18)
(0/279)
50:50
1.01+0.09
24.1+1.3

37
(0/37)
81%(30/37)
89%(33/37)

9%(3/33)

30
13+2
1142
2+2

15%(56/381)

73%(22/30)

0

2.6(56/22)
0.3(1/325)
52:48
0.95+0.10"
23.8+1.1

Mice were exposed to 500 ppm benzene for 7 hrs/day on days 6-15 of

gestation.

bNumber of females with visible implantation sites at the time of

cesarean section/total number of bred females.

CNumber of females with implantation sites as observed either visually
at the time of cesarean section or after staining the uterus with

sodium sulfide stain/total number of bred females.
Number of females with implantation sites detected only after staining

d

the uterus with sodium sulfide/total number of females with implantation

sites.
Mean + 5.D.

f . . . .
Resorptions detected by sodium sulfide staining were not included in
these calculations,

Mean of litter means + S.D.

h
variance, p<0.05.

See Table A-3 for individual animal data.

Significantly different from control value by a one-way analysis of
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TABLE 8

OBSERVATIONS AT CESAREAN SECTION AMONG
RABBITS EXPOSED TO BENZENE BY INHALATION

Control Benzene?

No. of bred females 20 20

No. maternal deaths (0/20) (0/20)
Apparent pregnancy rate? 90%(18/20) 95%(19/20)
Total pregnancy rate® 90%(18/20) 95%(19/20)

Proportion of pregnant animgls
n

detected by sulfide stai (0/18) (0/19)
No. litters examined 18 19
Corpora Tutea/dam® 9+1 1042
Implantation sites/dam® 9+2 9+2
Pregnancy wastage®>f 141 11
No. fetuses/litter® 8+2 8+2
Resorptions/litter®?d 141 141
Resorptions/implantationsd 5%(9/168) 7%(13/182)
Litters with resorptions? 44%(8/18) 47%(9/19)
No. litters totally resorbed? 0 0
Resorptioqs/]}tters with

resorptions 1.1(9/8) 1.4(13/9)
Dead fetuses/total fetuses (0/150) (0/152)
Sex ratio, M:F 59:41 45:55
Fetal body weight, g" 39.43+5.67 38.46+5.05
Fetal crown-rump length, mn’” 97.32+7.54 95.1246.02

4Rabbits were exposed to 500 ppm benzene for 7 hrs/day on days 6-18 of gestation.

bNumber of females with visible implantation sites at the time of cesarean
section/total number of bred females.

CNumber of females with implantation sites as observed either visually at
the time of cesarean section or after staining the uterus with sodium
sulfide stain/total number of bred females.

dNumber of females with implantation sites detected only after staining
the uterus with sodium sulfide/total number of females with implantation sites.

eMean‘j-_ S.D.

fPregnancy wastage = number of corpora lutea minus number of implantations.
gResorptions detected by sodium sulfide staining were not included in

these calculations. no 136439

Mean of litter means + S.D. CONF TDFNTTAL

No values were significantly different from control values by a one-way
analysis of variance or by Fisher's exact probability test (incidence data), p<0.05
See Table A-4 for individual animal data.

h
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TABLE 9

INCIDENCE OF ALTERATIONS AMONG LITTERS OF MICE EXPOSED TO
BENZENE BY INHALATION

External Examination
Soft Tissue Examination
Skeletal Examination
Bones of the Skull

External Alterations
Cleft palate*

Subcutaneous hemorrhage,
head region

Soft Tissue Alterations

STightly dilated 3rd
ventricle of brain

Subcutaneous hemorrhage,
head region

Subcutaneous hemorrhage,
around brain

Skeletal Alterations
Sternebrae -
delayed ossification

fused
unfused

extra site of ossification

Control Benzenea

=
0

m=

-

mr=m

rrmM rrTm e rem

No. Examined Fetuses (Litters)

279(26) 325(30)
97(26), 112(30),
253(24) 286(28)
165(24) 189(28)

% Affected (No. Affected)

0.4(1) 0.3(1)
4(1) 3(1)
0 0.3(1)
0 3(1)
0 1(1)
0 3(1)
1(1) 0
4(1) 0
0 1(1)
0 3(1)

10(24) 18(51)¢
42(10) 64(18)
0 1(3)

0 11(3)
6(15) 10(29)
38(9) 43(12)
4(9) 1(2)

12(3) 7(2)
0O 136440

CONFTIDENTTA
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TABLE 9 (Continued)

INCIDENCE OF ALTERATIONS AMONG LITTERS OF MICE EXPOSED TO
BENZENE BY INHALATION

a

Control Benzene
misshapen (#6) F 0 0.4(1)
L 0 4(1)
extra cartilage F 1(2) 0
L 4(1) 0
misplaced cartilage F 1(2) 0
L 8(2) 0
Ribs -
extra F 12(30) 12(35)
L 58(14) 46(13)
forked or fused* F 0 0.3(1)¢
L 0 4(1)
irregular ossification F 0 0.3(1)
' L 0 4(1)
Vertebrae -
asymmetric* F 0 0.3(1)¢
L 4(1)
Tumbar spurs F 6(14) 5(15)
L 42(10) 43(12)
delayed ossification of o
centra F 0 0.3(1)
| L 0 4(1)
delayed ossification of .
cervical arches F 0 0.3(1)
E L 0 4(1)
forked atlas F 1(2) 0.5(1)
L 8(2) 4(1)
misshapen atlas F 0 0.5(1)
L 0 4(1)
delayed ossification o
of atlas F 0 0.5(1)
L 0 4(1)
DO 136441

CONFIDFNTTAL



TABLE 9 (Continued)

INCIDENCE OF ALTERATIONS AMONG LITTERS OF MICE EXPOSED TO
BENZENE BY INHALATION

Control Benzene®

Skull -

delayed ossification 17(28) 34(64)¢

58(14) 68(19)

1(2)
7(2)

5(10)4
21(6)

1(2)
7(2)

0.5(1)
4(1)

0.5(1)
4(1)

=

foramen, occipital or
parietal

unfused occipital

S~~~
et Yt

unossified, occipital

misshapen, interparietal

F
L
F
L
F
L
F
L

TOTAL MALFORMATIONS

& O OO0 P~ OO

—-n

o
—~—
— ot
e

Mice were exposed to 500 ppm benzene for 7 hrs/day on days 6-15 of
gestation.

bTwo litters from the control group and two litters from the benzene
group were not examined for skeletal alterations. The fetuses from
these litters were inadvertently mixed together during the staining
procedure.

F = fetuses; L = litters.

dSignificant]y different from control value by a modified Wilcoxon
test, p<0.05.

®This alteration occurred in the single fetus with cleft palate.
*Considered to be a major malformation.
See Table A-5 for individual litter data.

c

no 1364472
CONFTDENTTQL




-27-

TABLE 10

INCIDENCE OF ALTERATIONS AMONG LITTERS OF RABBITS EXPOSED TO
BENZENE BY INHALATION

Control Benzene®

No. Examined Fetuses (Litters)

External Examination 150(18) 152(19)
Soft Tissue Examination 56 18)b 59(19)
Skeletal Examination 142(17) 152(19)

External Alterations % Affected (NO- AffeCtEd)

Gastroschisis FC 0 0.6(1)
L 0 5(1)

Soft Tissue Alterations

Cystic calculus attached
to gall bladder F 0 2(1)
L 0 5(1)

Fused innominate and left

carotid arteries F 88(49) 81(48)
L 100(18) 100(19)
Satellite vessels off aorta,
innominate or carotid arteries F 18(10) 32(19)
L 33(6) 47(9)
Skeletal Alterations
Sternebrae -
delayed ossification F 89§]26) 83(126)
L 100{17) 100(19)
extra site of ossification F 1(1) 0
L 6(1) 1]
fused F 0 0.6(1)
L 0 5(1)
unfused F 0 1(2)
L 0 11(2)
Ribs -
13th rib or ribs F 63(89) 43(65)4
L 94(16) 89(17)
d
lumbar spur or spurs F 5(7) 2(3)
P L 41(7) 1(2)
DO 136443
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TABLE 10 (Continued)

INCIDENCE OF ALTERATIONS AMONG LITTERS OF RABBITS EXPOSED TO
BENZENE BY INHALATION

Control Benzenea

fused or forked 0 1(2)
0 11(2)
Vertebrae -

fused vertebrae and
hemi-centra, thoracic region

misshapen or dumbell-shaped
centra )

unfused centra

extra site of ossification
between vertebrae

Skull -

extra suture line within
parietal bone

foramen - parietal or
interparietal '

.

TOTAL MALFORMATIONS

3pabbits were exposed to 500 ppm benzene for 7 hrs/day on days 6-18 of
gestation.

bDue to problems in fixation, one litter of 8 fetuses was not examined
for skeletal alterations.

F = fetuses; L = Titters.

dSignificantly different from control value by a modified Wilcoxon
test, p<0.05.

*Considered to be a major malformation.

See Table A-6 for individual litter data. ) "
CONFTDENTTAL

c




TABLE 11

PCY RBC

HEMATOLOGIC EVALUATION OF FETUSES AND DAMS EXPOSED TO BENZENE
N Percent
Fetusesa

WBC
6, 3 Hgb 3 3
x 10%/mm>  g/100 mt  x 10°/mm
- Rabbit

WBC Differential Count (%)
Neut

Lymph Mono Eosin Baso
Control

5

43,645.5
Benzene-exposed

3.740.4
5 46.7+3.5
- Mouse

12.241.4

4.110.4 13.9+1.2

0.65+0.13

0.89+0,32
Not determined

Bred fema]esb

- Rabbit

Not Determined

0

Control
o)

4 39.946.4
Benzene-exposed 4

5.9+1.1
Q
Z C 38.9+3.5
Z *
-
2 % - Mouse
4%
— ¥
z

13.3+2.4
5.8+0.7

6.9+2.9
12.741.2

46
5.8+0.7

a4

46
Control

52
8

8

49.7+1.5

Benzene-exposed 48.1+1.6

8.6+0.4

16.3+0.6
8.4+0.2

7.2411 22 74
6.9+1.6 28
b

2

16.0+0.6 69 2 2

4B1ood was collected on day 29 of gestation from the offspring 'of rabbits exposed to 0 or 500 ppm of
benzene for 7 hours per day from days 6 through 18 of gestation.

Bred female mice and rabbits were exposed to O or 500 ppm of benzene for 7 hours per day from

days 6 through 15 {mice) and 6 through 18 (rabbits) of gestation; blood was collected on
days 16 (mice) and 19 (rabbits) ‘of gestation.

No value differed significantly from the control value by a one-way analysis of variance, p<0.05,



TABLS A1
INDIVIDUAL BODY AMD LIVER WEIGHTS OF PRECMANT MICE KXPOSED TO RENZENE BY INHALATION®

Exposurs Lavel: 0 ppa

Matarnal Waight (g) Maternal Body Weight Gaio (g) Maternal Liver Weight (Dsy i8)
Animal Da ) atation Absolute Ralacive
Nusbar [ ] 10 1 18 =] 8-10 10-16 16-18 i (g/kg Body Weight)

6 63,6
14 60,0
10 60.8

8

9

9

46-8000 36 42
46-8001 3 50
46-8013 51
468014 s1
46-801% 51
46-8016 54
46-8014 51
46-8021 54
46-8062 50
46-8063 56
46-8064 47
46-8065 55
46-8066 &7
46-8067 51
46-8074 54
46-8075

46-8077

46-80§2

+6-8083

26-8089

46-8090

46-B091

46-8097 Ak

46-8102 4 51
46-8103 A6 51
46-8104 Y3 52 -2
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Mean = 5.D, 34t 2 Hx2 363 A5 £ 4 50+ 4 0.4 3 2 %2 3.08 + 0.38 61.1 £ 3.4

AMica wars axpossd to 0 or 500 ppm beozenw for 7 hra/day on days 6-13 of gestatios.

BThe liver veight was 1caivaftently sot determined for this animal.

DO 136446
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TABLE A-1 (Continuad

Exposure Lavel: 500 ppm

Maternal Body Weight (g) Matarnal Body Weight Gain (g) Maternal Liver Weight (Day 18

Antmal a of Gestation Absoluta Relat{ve
Number [ [ 10 1 18 6=B #-10 10-16 16-18 L (g/kg Body Waeight)
46-8003 40 39 39 50 56 -1 0 11 6 3.76 67.1
46-8004 36 kL 34 A7 52 =1 -1 13 5 .91 56,0
46-8022 as as 37 46 49 0 2 9 3 3.0 61.6
46-8023 36 36 » L2 50 0 k] 5 6 313 62.6
AE-B024 n 2 M 41 [}] 1 2 7 ) 3,01 66,9
46-8023 32 29 34 Al L] -3 H 7 5 2.76 60.0
46-8026 il 30 n 3 43 ~1 1 a 4 2,48 57,7
46=-8027 1) n % 45 51 -3 % 9 [ 3.15 6L.8
A6-8028 34 35 37 50 55 1 2 13 1 3,00 54,6
46-B029 3% 35 39 50 56 -1 4 11 [3 3.16 36,4
A6-8068 32 33 3 46 5l 1 4 9 5 2.81 55.1
46-8069 2 34 a3 133 AS -3 1 6 4 .31 35.8
46-8071 36 6 kL] 43 5 0 2 ? [ 3. 63.3
46-8072 ki kY 41 52 55 =2 L} 11 3 3.09 56.2
46-8078 36 33 39 50 57 -3 () n 7 le 61.5
46-8080 34 k) 34 44 50 =3 3 10 6 2.62 52.4
46-0081 3% 3 39 A5 51 1 2 ] 6 3.52 69,0
46-8084 0 1n 13 46 50 1 2 13 4 L 62.2
46-B086 il 33 3 43 48 2 <] 10 5 2.82 58,8
468087 35 34 k1] A5 52 -1 1 10 7 3.03 58.3
46-8088 k1] k1 36 45 51 1] 2 9 & 3.3 64,7
46-8092 i 30 36 4h A7 -1 [3 L] k] 3,28 69,8
46-8093 29 32 34 49 54 3 2 1% 5 3.82 70.7
46-80% M 37 38 45 47 3 1 ? 2 .9 70,0
46-809% n k1] 38 ] 52 2 3 10 4 3.8 73.6
46-8106 36 35 36 45 50 -1 1 9 H 1.08 61,6
46-2107 37 38 40 47 50 1 2 7 3 3,67 73.4
s6-8108 » 37 39 51 56 0 2 12 3 3.8z 68.2
46-8110 35 33 k1] Al [Y] -2 2 7 S 2.80 59,6
468112 35 a5 36 43 49 0 1 9 4 3,15 64,3
Mean T 5.D, LI ) o2 622 46 ¢ 2 50 £ 4 0.3 22 2+2 9+2 LI 3,16 0,38 62,5 + 5.9

L\ 36447
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TAME A-2
IRDIVIDUAL BODY AND LIVER VEIGRTS OF FRECNANT MABBITS EXPOSED TO BENZENE BY INEALATION®
Exposurs Leval: O pps

Maternal Body Waight Gain (g) Maternal Liver Wejght (Day 29)

Abaoluta Relative

Maternal Body Weight (g)

Aniual
Number

47-8005
47-8006
47-8007
47-8008
47-8031
47-8032
47-8033
47-8038
47-8039
47-8041
47-8046
A7-8047
4A7-8040
478049
47-8054
47-8033%
47=8056
47-8057

Mean ¥ 5.0,
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Dl§SI) of Gestation
§-10

i0-12 12-19

15-23

(g) (g/kg Body Waight)

-.03
=02
-.06
-.02
-.02

0
=11

-0,05
$0.06

-0l
=01
A7
.08
-, 06
L0
.0
SO
.01
.05
L]
=06
.02
]

0.02

0,06

ARabbits were exposad to 0 or 500 ppm benzens for 7 hra/day on days 6-18 of gestation.

bugt determined for thia animal

.09 .20
.03 .03
.01 =22
.04 .12

-18
.13
.07
16
12

=4S
14
W26
.09
.10
07
06
.18
.01
11
W25

-.06
.17

Q.07

99
7%
101
97
102
97

98

DO 136448

19.64
18,14
23.63
23,43
25,63
28.20
27,36
19,93
264,14
27.77
15.43
19.66
27.71
23.41
19,76
26.26
268.91
25,96

23.72
+4.02

CONFTDFNTTAL
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TABLE A-2 (Continuad)

Exposura Lavel: 300 ppm

Maternal Body Weight {g) Maternal Body Weight Gaium (g) Matarnal Livar Weight (Day 29)

Animal Day{s) of Cestatios Abyolute Ralative
Humber [1 [] 10 12 19 29 (=] 8-10 10-12 12-19 19-29 (g) (g/kg Body Waight)
47-8009 .n NpR wn .7 3.83 4,08 — -~ .01 W11 .25 119 29.17
47-8010 1.8 ND 4,01 4.01 4.04 4,16 -— - 0 .03 .12 us 28,37
47-8011 3. L] 3. 3.87 4.10 4,36 —_ - «30 .23 £ 26 %0 20.64
47-8012 579 ND .82 3.60 3. 78 3.81 - - -.22 .18 .03 9% 24.93
&7-8034 3.99 4.01 3.97 ND 3.9 4,06 J02 =04 - - .12 100 24.63
47-8035 4,03 4.0 4,00 ND 4,12 4,17 -.02 -.01 - - .05 101 24,22
47-8036 3.7 3.9 3.74 WD 4,03 3.99 W18 ~.20 - — .04 4 23.56
&47-8037 4.05 4.0% 4.03 ND 4,12 4.12 0 - 02 - - ] 105 25.49
478042 3,68 .62 3.63 1.63 3,76 4.06 - 06 .03 -.02 .13 .30 104 25.62
47-8043 3.%0 3.8% 3.87 3.9 3.9 4,39 =-.03 .02 .03 .02 Ry 122 27.79
47-B044 3.9 3,96 3,80 .96 3,89 4.15 . ~.16 +.16 -.07 .26 106 15,54
47-8045 wn 3.46 3.71 3.70 . 1.9 =26 .23 -0l .07 .16 104 26.46
47-8050 &.82 474 4,80 4.67 473 4,86 -.08 06 =13 .08 .11 101 20.78
47-8051 4,17 4.08 4.15 4,16 4.29 4.13 -.09 .07 .01 .13 -.16 98 23.73
47-8032 3,48 3.41 3.45 3.45 3,60 3i.58 =-.07 04 0 .15 =02 99 27.65
47-8051 4.12 3.62 39N 4,10 4,23 4,03 =50 .29 .19 .13 ~. 20 97 24,07
478039 3.9 % 3.9 3.9 4.09 4,31 ] ~-,01 +.01 .17 W22 126 29,23
47-8060 4,29 4,19 4.17 4,30 4,29 4.31 =10 -.02 .13 -.01 .03 111 25,69
47-8061 3.5 3.43 .47 3.49 3.5 3,75 -.10 .02 .02 +04 .22 101 26.93
Mean t 5.0, .9 3.88 1.89 3.90 4,00 4,12 -0,07 0.02 0,02 0.09 0.11 104,79 23.30

20,29 20,38 20.29 £0.33 30.28 +0.27 20.15 #0.12 40.10 +0.08 $0.16 +10.00 +2,42

8ot determined for this animal

DO 136447
CONF IDENTTAL
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TABLE A-3

INDIVIDUAL LITTER SUMMARY OF OBSERVATIONS MADE AT THE TIME OF CESAREAN SECTION
OF MICE EXPOSED TO BENZENE BY INHALATION®

Exposure Level: O ppm

ANIMAL LITTER SEX RATIO BODY CROWN-RUMP
NUMBER  IMPLANTATIONS RESORPTIONS SIZE : WEIGHT (g) LENGTH (mm)

46-8000 11 9 : 0.84 23.4
46-8001 13 12 1.02 25.1
46-8013 13 11 : 1.00 24.3
46-8014 10 10 : 1.05 24.4
46~8015 13 13 0.97 23.9
46-8016 13 8 : 1.14 25.2
46-8017 Non-Pregnant

46-8018 13 1 12 : ' 22.3
46-8019 Non-Pregnant
46-8020 Non-Pregnant
46-8021 13

46-8062 12

46-8063 13

46-8064 9

46-8065 14

46-8066 9

46-8067 12

46-8074 14 11
46-8075 12 12
46-8076 Implantation sites detected a
46-8082 13 2 11
46-8083 13 2 11
46-8089 6 2 4
46-8090 8 2 6
46-8091 14 4 10
46-8096 Implantation sites detected a
46-8097 15 4 11
46-8098 Non-Pregnant

46-8099 Implantation sites detected after sodium sulfide stain
46-8100 Non-Pregnant

46-8101 Implantation sites detected after sodium sulfide stain
46-8102 14 1 13 6:7 0.83 21,6
46-8103 12 3 9 3: 0.96 21,8
46-8104 13 0 13 6: 1.07 24,2
46-8077 16 0 16 10: 0.98 23.6

24,8
25.1
25.8
24,4
26.1
26,1
25.3
24,3
25,0
r sodium sulfide stain
0.96 23.9
1.07 24,9
1.00 24,2
0.82 21,4
0.93 22.9
r sodium sulfide stain
1.03 23.1

12
12
13

7
13

9
11

. e

s *s es @

[Ty

OWHOKHRNGOGOM

t

t

VMO WEMH NP,V W NINN
o Ao VD SNBSS

e

MEANZSD 1242 2%l 1142 50:50 1,01x0,09  24,1+1.3

8Mice were exposed to O or 500 ppm benzene for 7 hrs/day on days
6-15 of a gestation.
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TABLE A-3 (continued)

Exposure Level: 500 ppm

ANIMAL LITTER SEX RATIO BODY CROWN-RUMP
NUMBER  IMPLANTATIONS RESORPTIONS SIZE M:F WEIGHT (g) LENGTH (mm)

46-8002 Implantation sites detected only after sodium sulfide stain
46-8003 13 12 5:7 1,03 24,5
46-8004 16 16 0.82 22.8
46-8022 12 11 1.02 24.8
46-8023 13 11 0.92 23.0
46-8024 8 7 1.14 25.0
46-8025 11 11 0.96 24.3
46-8026 13 9 0.93 24,3
46-8027 13 13 0.93 24.3
46-8028 14 12 1,07 24,7
46-8029 14 14 1.04 24,9
46-8068 14 13 0.96 24,4
46-8069 10 7 0.80 22,2
46-8070 Implantation sites detected only after sodium sulfide stain
46-8071 11 1 10 0.98 24,7
46-8072 15 2 13 0.96 24,0
46-8073 Non-Pregnant

46-8078 14 1 13
46-8079 Removed from study due to leakage
46-8080 14 0 14
46-8081 7 1 6
46-8084 16 32 12
46-8085 Non-Pregnant

46-8086 11 11
46-8087 13 11
46-8088 12 10
46-8092 10 7
46-8093 14 14
46-8094 14 10
46~-8095 16 10
46-8105 Implantation sites detected only a
46~8106 14 3 11
46~-8107 15 10 5
46-8108 12 2 10
46-8109 Non-Pregnant

46-8110 9 0 9
46-8111 Non-Pregnant

46-8112 13 1 12 2: 0.97 24,0

=

NPSAMmMwowunmunuSaaaon o

e 2 we

e se

WHONO,FOFRNKMEOR

se ¥ es w»
oD LV NSO

5 0.90
f water bottle
0.76
0.96

w0 o
DY T
o W o

24.5
22,9
22,0
22,8
23.3
22,0
23.2
r sodium sulfide stain
0.88 22.4
1.16 25,6
1.12 24,9

w

uaa~\1:.>~4~4h:a:a-o
SR v TN

0.86 22,6

L=
[#%)

MEAN:SD 13+2 0.95£0,10b  23,8+1.1

40ne fetus was dead at the time of cesearean section

bstatistically significant by Dunnetts' Test p<0.05 HDO 136451
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TABLE A-4

INDIVIDUAL LITTER SUMMARY OF OBSERVATIONS MADE AT THE TIME OF CESAREAN SECTION
OF RABBITS EXPOSED TO BENZENE BY INHALATION3

Exposure Level: O ppm

Sex
Animal Corpora Pregnancy Litter Ratio Fetal Body Crown-Rump
Number Lutea Implantations Wastage Resorptions Size M:F Weight (g) Length (mm)
47-8005 10 12 0 11 8: 39.9 100.3
47-8006 10 9 8 42.8 101.1
47-8007 S 8 7 36.4 95.8
47-8008 9 9 9 44,0 103.7
47-8031 12 9 8 36.3 90.0
47-8032 11 11 10 24,9 75.2
47-8033 10 9 7 39.3 90.3
47-8038 11 38.5 97.2
47-8039 10 34.2 93.9
47-8041 8 46.4 106.2
47-8046 10 41.6 100.2
47-8047 38.7 95.6
47-8048 39.1 99,1
47-8049 36.8 96.2
47-8054 51.2 108.4
47~-8B05S 45,2 105.7
47-8056 39.7 98.2
47-8057 34,7 94,7

p—
—t

—

ot

s wn ws

—_ OO OOOOOCOONIH OF -
NNubNh.:uLnNmbc\\.nMuumw

1
1
0
3
0
1
0
0
1
1
0
V]
0
3
0
0
0

oo uwBMbuUuWnaE VOO W
s s we w4 ae s ws as »

" as

-
V-3 IV NV N, .. RV R

=
W H OO O

MEAN+SD 9+1 912 1+1 0.540.6 812 59:41 39,445.7 97.317.5

3Rabbits were exposed to 0 or 500 ppm benzene for 7 hrs/day on days 6-1B of gestation
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TABLE A-4 (Continued)

Exposure Level: 500 ppm

Sex
Animal Corpora Pregnancy Litter Ratio Fetal Body Crown—-Rump
Number Lutea Implantations Wastage Resorptions Size M:F Weight (g) Length (mm)

47-8009 9
47-8010 7
47-8011 15
47-8012 9
47-8034 10
47-8035 8
47-8036 7
47-8037 9
47-8042 10
47-8043 9
47-8044 11
47-8045 i1
47-8050 15
47-8051 10
47-8052 7
47-8053 10
47-8059 8
47-8060 10
47-8061 7

50.3 107.4
36.5 96.9
37.3 96.9
38.7 99.0
33.0 84.4
40,5 91.0
40.6 94,6
46.2 99.3
40,0 98.4
43.8 103.0
39.9 98.6
29.4 87.8
40.4 97.6
36.0 89.7
36.3 91.2
33.4 85,2
31.0 90.2
37.1 97.2
40.3 98.9
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TABLE A-7

HEMATOLOGIC EVALUATION QF PREGNANT MICE EXPOSED TO BENZENE BY INHALATIONA

PCY RBC Hgb WBC WEC Differentjal Count (%)
Percent x J.Qﬁiu_n?_ &/100 ml x 10.3_L-_3 Neut Lymph Mona Eosin Baso

47.0
50.0
49.0
51.5
50.0
48,5
50.0
49.0
52.0

M . e e .
NNO P OoOWHOO
) e

COCoDOoOOoOO0C O

0 00 W G0 WO 0 00 WO 00
MALOY O D Ny
e
NGO DR O o
[ e L ™
[T e N )

N
o~
o

Mean t 8.0, 49.7 £ 1.5 8.6 + 0.4 . 7.2+ 1,1

Benzene-exposed:

17 49.5
78 47.0
79 47.0
80 48.0
93 49,0
94 50.0
95 45.0
96 49.0

18 81
K3 8 66
26 74
20 77
36 57
23 74
29 69
37 56

l6.8
15,8
14.9
16,1
15.9
16.4
15.4
16.3

)
NN W WO O o

.

.onononmonmcnm

NO N WP MNP

NowNsTNw
.o

[ N U R N,

W A0 e O D

SCOgocooCoo

»
L8]
[=]

Mean * 5.0, 48,1 £ 1.6 8.4 £ 0,2 16,0 + 0.6 6.9 % 1.6 28 69

48red fewmale mice were exposed to 0 or 500 ppm of benzene for 7 hours per day from days 6 through 15 of gesiation;
blood was collected on day 16 of gestation.

No value differed significantly from the control value by & one-way analyeis of vatiance, p <0,05.

DO 136454
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TABLE A-8
HEMATOLOGIC EVALUATION OF RABBIT FETUSES AND DAMS EXPOSED TO BENZENE BY INHALATION
WBC Differential Count ()

Animal PCV Hgb

RBC WBC
Number Perceat x 102&2 £/100 ol x 1&3.__[2.3. Neut Lywph Mono Eogin Baso

Fetuses?®

Control:

47+-8031 Not Determined

47-8032
47-8033
47-8046
47-8047

Mean * S,D, 43.6 £ 5.5 3,7 £ 0.4 12.2 £ 1.4 0.65 £ 0,13

Benzene-exposed:

47-8034 49.0 14.3 Not Detetmined
478035 44,5 13.3
47~8036 45,5 13.3
47-8037 43.0 . 12.7
47-8050 51.5 15.7

Mean ¢ 5.D. 46,7 £ 3,5 4.1 & 0.4 13.9 £ 1.2 0.89 + 0.32

Bred Females®

Control:

.

602 11.0 6
80 . 12,3 3
810 16.7 11
122 . 13.2 4

Mean + 5.D. 39.9 + 6.4 5.9 ¢ 1.1 13.3 & 2.4 6.9 £ 2,9

Benzene-exposed:

133 11.4 54 42
4006 . 14.2 46 51
187 . 12.9 o 64
698 ' 12.3 47 49

Mean + 5.D. 38.9 £ 1.5 5.8 % 0,7 12,7 ¢+ 1.2 5.8 £ 0.7 44 52
ABlood was collected on day 29 of gestation from the offspring of rabbits exposed to O or 500 ppm of benzene
for 7 hours per day from days & through 18 of gestatfion,.

bgred female rabbits were exposed to 0 or 500 ppm of benzene for 7 hours per day from days 6 through 18 of
gestation; blood was collected on day 19 of gestation,

No value differed significantly from the control value by a one-way analysis of variance, p<0,05.
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TANLE A3
INDIVIDUAL LITTER SUMMARY OF FETAL ALTERATIONS AMONG LITTERS OF MICE EXPOSED TO BENZENE BY INHALATION®
Exposurs Lavel » 0 ppm
NOOER OF FETUSES EXAMINED

TOTAL TOTAL
ANIMAL NUMBERS 46=8000, 01, 13, 14, 15, 16, 18, 21, €2, 6, 64, 65, €6, 67, 74, 75, 77, 82, 83, B9, %0, 91, 97, 102, 103, 104, FETUSES LITTERS

EXTERNAL EXAMINATION 9 12 1} 10 13 8 12 12 12 13 7 13 9 11 1 12 16 11 1 6 1011 13 9 13 279 26
SOFY-TISSUR EXAMINATION 106 A 3 A 3 4 & A A% 4 3 4 A A S 4 303 4 4 & s 97 26
SKELETAL EXAMTNATION ob12 11 10 I3 8 ob1o® 2 13 7 13 % &S 11 12 16 11 1) $ 10 11 13 9% 13 253 24
BONRS OF THE SKULL oo 8 72 72 9 s oba & 9 4 9 6 & 7 811 7 7 3 7 1 % 5 9 165 24

WUMBER OF FETUSES AFFECTED
Total Major Malformations 9 o 6 0 o 0 .0

EXTERNAL Mwﬂﬂl
Clefc Palate

Subcutanecus hamorrhage,
hasd ragion

SOFT TISSUE ALTERATIONS

Slightly dilated 3rd
ventricle of brain

Subcutansous hemorrhage,
head region

Subgutangous hemorrhage,
around brain

SKELETAL ALTERATIONS
Starnebras -

delayad ossification
fused

un fused

«xtra site of oasification
misshapun (#6)

extra cartilage

aisplaced cartilage

ooocooo
OO WO
COoOCQOoOoOCT
CO0OONO W
L=R-2-F-N-J-R-]

Riba =

extra -
forked of fused
irregular oaaification

Vartebras -

nlyl-:ric‘

lumbar spurs

delayed ossification of
centra

dalayed oswsification of
carvial archaa

forked atlaa

uisshapen atlas
delayed osaificacion of
atlam

Skull -

delayed cssification
foraman, occipital

or parietal

unfused cccipital
unoasified, occipital
misshepav, interparietal

Agice ware exposed to 0 or 300 ppss bensene for 7 hra/dsy on days 613 of gestation.

biwo 1itters fram the control group and two litters from the banzene growp ware not

examined for skatal slterstions. The fetuses from these littera were lzadvartestly
mixed togethar duriog the staining procadyrs,

Cgoma ekalatons fram litters 8021 and 8067 ara missing from the skaletal wxamination
because they whers inadvertently dassged during the staining procedure.

“Cousidered to be & wajor walformation.
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TABLE A-) {(Comtimsed)

INDIVIDUAL LITTER SUMMARY OF FETAL ALTRAATIONS AMOMC LITTERS OF MICK EXPOSED TV BENZEEE BY
Exposurs Leval = 300 pm
WUMBER OF FETUSES EIAMINED
ANIMAL WOMBER: 46-8001, 04, 21, 19, 24, 29, 26, 27, 28, 29, 68, 69, 71, 72, 78, 8O, B1, B4, B6, 93, 94, 93, 106, 107, 108, 110, 112,

LXTINRAL SIAMINATION 11 16 t1 11 10% 13 312 o 13 7 10 1% 13 16 6 13 1 n 5 10 1
SOFT-TISSUE EXAMINATION 4 3 4 4 4 3 &4 4 3 4 3 3 4 4 5 3 4 4 4 3 3 4
SKELETAL LXAMIRATION 12 okl 1 1 odize 1z ¥ 13 ¥ 10 13 1) 14 4 13 1 11 3 10 I
MONES OF TEE SWILL s 0 1 7 7 00 8 8 3 % A 7 % ¥ 9 3 97?7 7 2 7 ]

WAGRE OF FETURXS AFVECIID

Total Major Malformations o o 1 0 0o o6 0 O

EXTERNAL ALTERATIONS

TTafT Palate

Subcutaneous hamorrhage.
hasd regloo

SOFT_TISSUE ALTERATIONS

Siuhtiy dilated Ird
veatricle of braim

Subcutangous hamorrhage,
head ragion

Subcutensous hesorvhage.
around bratn

SKELETAL ALTERATIONS
Sternebras -

delayed ossification

fused

unfused

axtra sita of ossitication
misahapan (F6

extrs cartilage

aispleced cartilage

(=R-R-R.N-R-F. ]

Rba -

axtra

forked or fused”
irregular cesification

VYertebras -
-

asymmtric

lumbar apure

delaywd osaificatios of
centra

dalayed ossification of
cervial arches

forked atlas

sisshapen atlas

dalayad ossification
of atles

Sull -

delayed ossification
foramen, occipital

or parietal

wofused oecipital
anoasified, occipical
alsshapun, loterparietal

Sice wera Fxposed to 300 ppm bamxans for 7 hra/day ou days €-15 of gestatiea,

Mup 1ittars from the control group and twe licturs frop the benzene group wera noet
eramioed for skatal altarations. The fetuses from these litters wre inadwertestly
alsed toguther during the stainiog procedure.

Coms wkalatons from lLitters 8027 asd 8049 are ateving from the skelatal szsminatios
bacauss they were inadverteatly damsged during the otainiog procedure.

dsignificantly different {rom control valua by & modified Wilcatom test, p<0.05,
#This slteration occurrad in the aingla fatus with cleft palate.

“Considered to be a wajor malformation.
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TAME A-¢

INDIVIDUAL LITTER SUMMARY OF FETAL ALTERATIONS AMOWG LITTERX OF RABBITS INEALING BEKZENE BY INHALATION®

ANIMAL WUMBER

Ixtarnal Framination
Soft Tisaw Examicatiom
Skeletal Examimation

TOTAL MAJOR MALFORMATIONS:

Extarmal uu;aum

Gaatroschisie

Soft Tiasue Alteracions

Cyatic ¢ ub attac

to gall bladder

Fused ionominste and left
carotid artarias

Satallite vesnsals off socta,
innominste ot carotid arteries

Skeletal Alterations
Starnebras -

delayed ossification
aztra site of oanification
fused

wnfused

Ribe -

13th rib or ribe
lumbar spur or gpurs
fused or forked

Vartabraa -

fused vertebrae and hemi=
centra, thoracic region®
aisshapan or dumbell-
shaped cencrs

ucfusad centra

extra site of ossification
betwesn vartabras

Skull -

sxtra suture lins within
pariecal bome

formman - paristal or
interpariatal

SRabbite were exposad to 0 or 500 ppm benzane for 7 hrs/day on days 6-18 of gmetation,

Bhue ro probless io fixation, ove litter of 8 fertuses vae not exemiond for skeletal alteracions,

11
4
11

LT 3

ccok

[~X-N"1

o o o

(-] o oo s [-X-X-¥ 3

c o

*Considered to be » major walforeation. -

(- CoOoON

co O O

L4
3
9

[-F-R-2 ]

oW

oo

Expogury t

8 10
3 3
ob 10
0 o
o o0
00
3
0 o
10
0
0
0
1
1
0
0
0
0
0

0 ppa

NMRER OF FETUSES RIAMINED

7 11 10 7 9% 8 8

3 4 3 3 3 3
7 11 10 7 9 8

O 0 ¢ 0o o0 0

6 10 10 6 6 3
o 0 0 0 1 o
6 0o o0 0 06 o
O o0 o 0 0 0o
3 10 9 7
0 1 4] 1 1 0
(1] e o 0 0
o 0o 0 a0 o o
¢ 0 0 0 0 ©
¢ 0 0 0 0 O
o 0 ¢ 0o 1 0

3
]

WUMBER OF FETUSES AFFECTED

cooe

oow

oo o

QO -E-F-X ]

o0 o O

(- RN~

200w

(=N -]

[=X-E- N3

o0~

coQm

=Rl

47-8005, 06, 07, 08, 31, 32, 33, M, 39, 41, A6, 47, A8, A9, 34, 35, 36, 37,

L}
3
]

cCoom

O - >

oo

TOTAL TOTAL
FETUSES LITTRRS
150 18
56 18
142 17®
0 0
0 0
0 0
49 13
10 6
126 17
1 1
0 0
¢ [
89 16
7 7
0 0
0 0
o o
0 0
! 1
1 1
3 3
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TAMLE A—6 (Continnad)
INDIVIDUAL LITTER SUMMARY OF FETAL ALTERATIONS AMONG LITTERS OF RABMITS EIPOSED TO AKNZENR BY INHALATION®
Exposurs: 500 ppm
FMIER OF FETUSES RXAMIMED

TOTAL TOTAL
ANDIAL NOMBRR 47-8009, 10, 11, 12, 34, 33, 36, 37, 42, 43, A4, A3, 50, 51, 32, 53, 39, 60, 6L, METUSES LITIERS

7 14 % 5 B 7 5 10 & 910 8 9 & 5 7 9 5 132 19
3 35 3 3 3 3 3 3 3 3 ¥y 3 33 3 3 23 3 59 19
7 44 9 5 & 7 S 1008 %10 8 9 8 % 7 % 5 152 19

Ixternal Exeminstiom 5
Soft Tissm Ixamination 3
Skaletal Fxmmination 3

NUMBER OF FETUSES AFFECTED

TOTAL MAJOR MALFORMATIONS: o 0 0 0 0o O ¢ ¢ 0 0 0 1 1 0 O 0 1 0 O 3 b ]

Extetnal Alterations -

Caatroachisis” o 0 0 0 0 0 0 6 0 0 O 0 1 0 0 ¢ 0 00 1 1

Soft Tissua Alterations

Trstic calculus sttached o 0 0 0 0 0 0 o O 0 O 0 0 ) 0 0 O 0 O 1 1
to gall bladdar

Pused {nnominate and left 2 2 4 3 3 3 1 2 2 3 2 2 2 3 ¥ 1 3 2} 487 19
carctid ariarias

Satullite vassals off aorta, e 2 2 o0 2 3% 0 o0 2 2 O 0 O0 2 2 0 1 0O O 19 9
innoaivste or carotid arterias

Skalatal Alterationa

Sternabras -

delayed ossification 4 5 14 & 5 % S5 3110 8 8 8 7 3 5 8B 7 9 4 126 19
wxtra site of oesification ¢ o O ¢ @ O 0 O O ¢ G 0 0 9 O G 9 a4 O ] ]
fused ¢ 0 o ¢ 5 O 0 ¢ ¢ ¢ © 1 o 0 6 0 0 o O 1 1
unfused o 0 0 0 0 0 0 O © ¢ €0 0 O 0 O 0 1 0 1 2 2

Ribe ~

13th rib or riba s 1 5 3 1 7 5 O 5 0 ) 4 4 7 3 5 1 1 5 65 17
lusbar spur or spurs o o o 0 ¢ @ o ¢ 0o ¢ I @ 2 0 0 0 0 o b 3c F
fused or forked o 0 0 0 0 0 © O 0 o0 O 1 0o o0 0 o0 1 0 ¢ 2 2

Vartebrae -

fusad vertebras and hewi- P o 0 0 0o 0 0 O © ¢ 6 O 0 0 0 0 1 0 0 1 1
centra, thoracie region”

misshapen or dumbell= o 0 0 ¢ ¢ @ ¢ 0 ¢ @ 0 @ 1 ¢ o0 0 1 1 1 & 3
shapad centra

wnfused centra o o0 0 0 o0 0 0 0 0 0 O0 0 0 0 0 0 1 0 1 2 2
wxtra site of ossification o ¢ ¢ @ ¢ 06 0 0 ¢ o 0 0 0o © 0 O O0 0 0 Q 0
| between vertebras

deull -

lextra suture lioe within o o 0 0 » ©o 0 0 66 1 © o o0 ¢ 0 1 0 0 0 2 2
parietal bone

foramen ~ pariatal or o ¢ 0 o0 v o o 0 1 31 0 0 o0 1t 1 0 1 0 1 6 6
interparistal

Agabhbits wers axposed to O or 500 ppm bansene for 7 hre/day on dayw 6-18 of gestation,
BDus to probieas in fization, one litter of 8 fetuses vas not exmmined for skaletsl alterations,

C5igntficantly different from control valus by » sodified Wilcoxon test, p<0.03,

*Considerad to ba # major malformation.




