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I noticed this letter in the
August 20, 1983 Lancet. You
might find the comments on latency
interesting.
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exchange, about 10% will be acutely 1}l and need treatment 1n an
ntensive care area,?

The claims for piasma exchange need conslam crical evaluation,
perhaps through an apheresis register.®

Red Cross Blood Bank Gronngen-Drenthe, P.C. Das
Gromngen, Nevherlands C. TH. SMIT SIBINGA

ANGIOSARCOMA AS A MODEL FOR COMPARATIVE
CARCINOGENESIS

Sir,~By pooling data from several sources we have been able to
contrast the latent periods for angiosarcoma of the liver induced by
vinyl chioride monomer (VCM)and ‘Thorotrast’ (thortum dioxide).
The average and minimal latent periods are probably much shorter
for VCM cases than for thorotrast cases, although the hepatic
neoplasms induced by these two agents are histologically the same. !
The thorotrast-induced angmurcoma we analysed were those
teported from West Germany,? the UK,> Denmark,® and the
United States.’ Those attributed to VCM have been gathered by
three of us (J. §., R. 8., and E. D.), from personal contacts in twelve
countries. The e:arhut case-reports. involving thorotrast and VCM
were published in 1947° and 1974, respectively.

Exposure to thorotrast occurred primarily in the period 1928-55,
while exposures to VCM were heaviest in the 1940s, 1950s, and
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DISTRIBUTIONS OF YEAR-OF-DEATH BY AGENT AND SEX

Thorotrast

VCM

Ycar-of-death Male Female {mate)
1955-59 2 1 2
6064 8 2 4
6369 19 6 9
0-74 i3 6 21
75-719 32 7 15
&0—81 7 2 4
Tosals 101 24 95

reported for cohonts having thorotrast and VCM exposures?? and
the low incidence of this tumour, it seems reasonable 1o treat a case
of angiosarcoma as if the given exposure were the cause.

Differences between the series in demographic composition seem
clearly not 1o be responsible for much of the difference in Jatent
period, and one mught expect any difference between workers
(VCM) and patients (thorotrast) to be reflected in a longer latent
period for the healthy workers in terms of either onset or death. The
exposure is differemt for the two agents, being continuous from th-
date of the injection of thorotrast and intermittent from date of first
exposure (0 VCM. Also, we see no way of quantitating the two
exposures in the same units, The limited data available on radiation-
induced snlid tamours suggest that latent period does not dependon
dose.'? Some part of the dxﬂ'erence in average latent period could
derive from differences in “*stage of epidemic” or in completeness of
ascertainment n the later decades, but these differences could
hardly conrribute in any important way to the differences seen in
minirnal latent period, especially since the thorotrast cases derive
from cohorts followed up from the time of treatment. The mimmum
latent period for leukaemia following exposure to thorotrast is
appreciably longer (8 years) than that assoctated with X-ray or
gamma radiation (2-4 years)

We believe that the distributions tn the figure may well reflect
differences in the mechanisms of chemucal and radiation
carcinogenesis, and that other comparisons of this nature would be
of interest, Cohory analyses of VCM workers and thorotrast patients
are clearly indicated as the effects of the exposures run their course,
and animal experimentarion with these compounds mght provide
some understanding of the differences in their carcinogenic action.
Since both VCM and thorotrast are multipotennial
carcinogens,®*? more analytical studies of latency should carefully
consider all causes of death, as well as levels of exposure.

Nanonal Cancer Imstitute,

angwumma induced in males by VCM and thorotrast.

1960s. For neither agent have all cases yet occurred (table), nor are
denominator data generally gvailable, For these reasons the
distributions in the figure are not definitive, but the first two
decades of the experience are now sufficiently well defined to
venture that angiosarcomas induced by VCM begin to appear much
sooner after initial exposure than do cases caused by thorotrast.
Medians for males are, respectively, 22 and 29 years, and we note
that a recent report on thormmt-mduced cases in Japan gives a
latent period of 33+5 years.? Because of the large relative risks
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GAMUT D-89 BONE

EROSION OF MULTIPLE TERMINAL
PHALANGEAL TUFTS (ACRO-OSTEOLYSIS)

COMMON

© B N4 R WD

Arteriosclerosis obliterans

Burn, thermal or electrical

Diabetic gangrene

Frosthite

Hyperparathyroidism, primary or secondary
Neurotrophic disease (see Gamut D-88)
Psoriasis

Raynaud’'s disease

Rheumatoid arthritis -

. Scleroderma, dermatomyositis
1.

Trauma

UNCOMMON

. Brachydactyly B

. Buerger's disease
. Clubbing of fingers (see Gamut D-79)
. Congenital (familial) acro-osteolysis (eg, Hajdu-

Cheney S.)

. Congenital indifference to pain

. Disseminated lipogranulomatosis
. Drug therapy (eg, dilantin, phenobarbital, ergot)

. Ectodermal dysplasia
. Epidermolysis bullosa
. Gout

. Leprosy

(Continued)
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BONE GAMUT D-89

12. Lesch-Nyhan S. (mental defective finger biting)
13. Osteomalacia (ey, .malabsorption syndromes)
14. Osteopetrosis

15. Pachydermoperiostosis

16. Pityriasis rubra

17. Plantar warts

18. Polyvinyl chloride osteolysis

19. Porphyria

20. Progeria; Werner's S,

21. Pseudoxanthoma elasticum

22. Pyknodysostosis

23. Reticulohistiocytoma (lipoid dermatoarthritis)
*24. Rothmund's S.

25. Sarcoidosis

26. Sjogren's syndrome

27. Streeter's congenital amniotic bands

28. Syringomyelia

29. Tabes dorsalis

*30. Thromhoangiitis obliterans

*May be associated with calcification,

References:

1. Greenfield GB: Radiology of Bane Diseases. Philadelphia, JB Lippin-
cott Co, 1989, p 304.

2. Moss AA, Mainzer F: Osteopetrosis: an unusual cause of terminal-
tuft erosion. Radiology 97:631-632, 1970,
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’ GAMUT D-89 BONE

SUBGAMUT D-89A
ACRO-OSTEOLYSIS CONFINED TO ONE DIGIT

Angiomatous malformation
Carcinoma of nail bed

Epidermoid cyst

Fibroma

Giant cell tumor of tendon sheath
Glomus tumor

Infection (eg, whitlow, osteomyelitis)
Metastasis; lymphoma

© ® N ;s W

Neurofibroma

Ucc
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VINYL CHLORIDE

(Teratogenesis)
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Favieonmental Health Porspectives

Val. 21, pp. 71-78, 1977

Dominant Lethal Studies with the
Halogenated Olefins Vinyl Chloride
and Vinylidene Dichloride in Male
CD-1 Mice |

by Diana Anderson,* M. C. E. Hodge,* and
l. F. H. Purchase*

‘The mutagenic activity of vinyl chloride (VC) and vinylidenc dichloride (VDC) at three exposure levels
was assessed in fertile male CD-1 mice with the dominant lethal test. Each compound was assessed in a
~eparate study.

Alale mice were exposed by inhalation to VC at 3000, 10,000, and 30,000 ppm and to VDC at 10, 30,
and 50 ppm for 6 hr/day for & days. By comparison with control males exposed to air, no mutagenic effects
on any maturation stage of spermatogenesis in treated males were detected. There was no significant
increase in the ber of postimplantational early fetal deaths as shown by the number of femiles with
one or more early deaths or the number of early deaths/pregnancy or the number of early deaths/total *
implante/pregnancy. There was no evidence of pre-implantational egg losses as indicated by the total
implants/pregnant female. There was also no reduction in fertility, (The reduction in fertility at 50 ppm
VDC was unproven).

The lack of effect was not due to the insensitivity of the system used, since both the VC and VDC study a
mutagenic effect was clearly demonstrated in male mice dosed IP with the positive control compounds
cyclophosphamide (CTX) and/or ethylmethane sulfonate (EMS). During dosing these animals were
housed under similar exposure conditions 10 those animals exposed to the test substances but with a flow
of air through the expesure chambers.

Thus, neither VC nor YDC is mutagenic in the mouse at the stated exposure levels as measured hy the
dominant lethal test.

Introduction

VC used in the munufacture of poly(vinyl
chloride) has been found to cause tumors in rats (/)
and man (2). It has also been shown to produce
chromosome breaks in exposed workers (3-6) and
cuuses mutations in Salmonella tephimiurium (7, 8).
Another chlorinated monomer, VDC is aiso known
1o cause mutation in Salmonella typhimurium (7, 8).
We, therefore, carried out dominant lethal studies
to deternmune if there were any mutagenic effects of

Tmpenal Chemcal Industies ed., Centrad Toseelogy
Laboratory. Aldedey Park ar. Macclesficld, Cheshire SK10
414, England.

December 1977

this type in mice after VC and VDC exposure at
three levels. Al the same time negative control ani-
mals exposed to air and positive control animals
also exposed to air and given EMS and/or CTX
were assayed.

Materials and Methods

Chemicals

VC was obtained from Air Products Ltd.. Wors-
ley, Waikden, Lancs., U.K. VDC waus obtained
from [Cl L.td., Mond Division. Runcorn, Cheshire,
U.K. EMS wuas obtuned from Koch-Light 1.d.,
Colnbrook. Bucks, U.K.. and CTX (Endoxaia)
from Ward Blenkinsop Ltd.. London, U.K.

_UEC_H
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Animals

CD-t mice (Charles River, Manston. Kent) were
ised thioughout the experiment. Undosed females
were 8-10 weeks old when mated and male mice
immediately after dosing were 10-12 wecks old.
Males were caged individually and females in pairs.
They received food and water ad libitum.

Dosing of Male Mice

Dose levels for VC and VDC were selected on
the hasis of preliminary toxicity studics. A dose of
30.000 ppm of VC was found to be in the toxic
range and this was chosen as the highest exposure
level since it was desirable that the maximum toler-
ated dose or higher should be used. Other levels of
10,000 and 3000 ppm were also used. The required
concentrations of VC were generated by mixing
known volumes of VC and compressed wir using
rotameters as indicators. VDC was much more
toxic to the mice. Exposure levels of 50, 30, and 10
ppm were selected. The required concentrations of
YDC were generated by a controlled fluid-
feed/atomizer technique (9). The method involves
continuously passing a known volume of the com-
pound through a concentric jet atomizer, where it is
vaporized by a calculated volume of dry clean air.
The volume of air required as calculated from Eq.
(.

Air flow (I./min) =
Syringe size (ml/cm) x density (g/ml) x 24 x 10¢

Injection rate (min/cm) X ppm x mol. wt.
10

During dosing the mice were housed individually
in chambers made of stinnless steel and glass with
an internal capacity of three lines.,

Most of the negative control anmmals and all ani-
mals dosed with CTX or EMS were housed under
identical condiuons during the dosing period but
with o flow of air through the chambers. Those
dosed with CTX were injected 1P on day 5 of ex-
posure and those dosed with EMS were given an
oral dose by gavage for 5 consecutive days. Both of
these substances were prepared as aqueous solu-
tions immediately before use. Some of the animals
in the negative cortrol group controlling the VDC
study were housed under normal conditions. Before
test mating began, groups of mice were treated as
shown in Table 1.

In the VDC study. in order to obtain a group with
sulficient animal numbers some of the animals
which were infertile in weck O were included in
group 4. Of the 8 survivors. 5 did not mate in the
fertility study and one had a higher than average
number of early deaths. However some of these
males mated in the main study. One male surviving
50 ppm for 2 days died in week 2 of the study, Of
the 17 animals. three in the CTX treatment group
also did not mate in the fertility study. Fifty animals
were included in the negative control group to pro-
vide a better data base against which to compare the
treated groups., There were no statistical differ-
ences between males exposed to air and housed
under normal conditions.

Mating

Fertility Testing. Male mice were caged with
virgin female mice, | male and 2 female mice in

Tahle L. Treatment groups.

No. survivors/
no. ammals treated

Ciroup {mice) Treatmem
YV Swdy
Group | 20020 Air (negative control)
Group 2 18/20 3000 ppm VC, 6 hr/day. § days
Group 3 19/20 10.000 ppm VC. 6 hr/iday. § days
Group 4 90 30.000 ppm VC, 6 hriday, § days
Group § 15/15 200 mg CTX in water/kg body weight, once by |P
injection on day 5.
Criontip 6 25028 200 me |- MS in water/hg
hady wetght orally, oncelday. § duys
vVIDC Study
Giranp § S0/50 1S 0. 38 pormal condiions (negative contiol)
Choup 2 20120 10 ppm VIXC. 6 hr/day. S days
Cioup 3 %30 W ppm VU, 6 hiefdiy. S days
Group 4 [ A)] S0 ppm VIXC. 6 hafday. 2 days
2/20 75 ppm VIO, 6 hriday for § day, then
50 ppm VIO, 6 hriday. tor | day
Cuogp § 17117

200 mg €TX in water/hg hody werght, ance hy [P
mgection on day S
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cach cape Alter 8 days the femiales were tians-
terred o other cages. The fenmale mice were killed
15 days after fist it oducing them Lo the mates and
cvned for pregnancies. The 106 males which
sutvived dosing m the VO study and 13 males m
the VDO study and were suceessiul in fertilizing o
least 1 lemile in ther cage were selected for con-
trnceiton i the esperment

Faperimental Matbys, T wo virgin temale mice
B=10 weeks old were put into cach of the 106 and
FEY cages i which the males were individually

Fomale mive were hadled 13 days after the -
sumed date of fertibization, ve.. 15 or 16 days after
caging females with males.

Assessiment

Utert of killed mice were examined for live im-
phntatons, carly deaths, and Lite deatbs

Statistics

The data have been statistically analyzed as re-

“poe 00N,

Table 3, Number of mated females becoming pregnant,

Group 6,

December 1977

J Group 1, Group 2, Group 1, Group 4, Giroup 4,
, wr V(. V. V(. CTX. FMS.
| (negative 1,000 ppm 10,000 ppm 30,000 ppm 200 mg/kg 200 mg/ky
‘J control) 16 hr x 5) (6 br = 5) (6 hr x §) Ip (oral) x §
Weok Nao. No. Nao, No. No. No No. Na, No. No. No, No,
/ pregnant mated ¢ pregrant mated  pregnant mated  pregnant mated  pregoant mated  pregnant muted
J 0 s 40 0 16 R X 15 1% 28 K] 17 S0
i R B\ n 6 A2 s 1 I8 26 0 4 S0
J 2 0 0 " m n w 1 4 2 W s 50
3 2] 40 W L1 LX) W 16 IR n W 40 L)
4 W 30 W 1 AL} R 17 I8 0 1] 46 S0
J 5 I 40 4 1 i 1 12 [} h 30 47 S0
[ 16 i} 11 6 6 kb 1% 18 n et 47 48
7 17 40 1 6 37 n IR IX n 0 41 S0
¥ k¥ 40 12 16 3 17 14 % n m 48 50
i 0K
t e 001

[ housed. After § days the females were removed and ported previously (/0). A
' 1choused i pairs, A week after the it inlru'dug:- Results j
. tion the males were caged with another two virgin ‘
" temades and again left for § days, This process wits Mating weeks after treatment are represented in i
. repeated until the treated male mice hud been mated  Tables 2-13 by numbers (-4 and the mating week )
t at weekly intervals for 8 weeks with virgin females. before treatment is represented by week 0. As- {18
, The males were then Killed and not examined  sessment of females which became pregnant during ¥ |
. further. No attempts were made to establish  the fertility test yielded the data for week 0 but only 8
' whether or when mating had occurred. Iastead it data from those amimals that survived treatment il |
' was assumed that most matings leading 10 fertiliza-  have been included in weeks 0-8. Tables 2-7 relate 8
' von would occur 2 or 3 days after introducing  to the VC study and Tables 813 relate to the VDC 1
’ female mice 1o the cuges containing males. study. '
8
i
Table 2, Number and percentage of male mice which survived treatment successfully maling at each week, “ :
' Group I, Giroup 2, CGroup 3, Group 4, Group 8, Group 6. v
' air v, vC. V(. C1X, EMS, ,
(negalive 1K) ppmy 10.000 ppm 30,000 ppm 200 mg/kg 200 mp/kg t
\ control) thhr x 5 6 hr x $) (hhr x ) P toral) x § K
Wack No.oof % No. ol % No. of 7% No of % No. of % No. ol % R ]
» mice l“il.:(.‘ miee mige mice mice 5'
. o 0 101y % 100 19 w9 K 15 e 2s 10 :
. | 20 R T w7 778 14 L T P i
3 20 1 ] 100 19 ooy 100 14 913 N 920
, 1 20 100 I 100 19 0y 10 14 933 1 9.0
3 0 00 1% 100 19 w9 w8 w28 100
5 i9 s IR 1K) 19 o7 7R 1S w28 1y
! o 20 L0 1% 100 19 m 9 100 14 0 24 100
. 7 0 100 Ix 100 19 w9 100 14 CLI I 1%
/ X L0 100 1% 100 v T B9 1} CAR L 10




Fable 4. Meun total inplasts per pregnant fomlbe,

Group I Giraup 2, Citoup 3, Ciraup 4, Couaup §, Group 6.
4ir V¢ v, V(L CTX. ENS.
{negative 1000 ppnit 10,000 ppm UL ppm 200 mg/kg 200 mp/hg
Week conlrol) (hhe <« $) thhh x5y th e < 8y P fotald % 8
[} 1y 126 12.0 130 et 1%
| 1y 16 134 161 R a0
2 12K 127 130 17 (1) X4
1 12.% 128 124 (R 119 ty &
4 124 [ 1.7 e 176 127
] 137 12,7 4.1 12K 171 127
[ (W 11.9 12.8 12.6 128 111
7 H R 1.6 I.R 12.0 1.s 124
X 12.7 (] 126 t2 178 il s
e 0.0
b 008
‘Table §, Number of pregnant females with one or more carly deaths (100
Group |, Ciroup 2, Ciroup 3, Gioup 4, Cooup 3, Coavpp b,
El V(. V(. V(. X, M5,
(negative 3,000 ppm 10,000 ppm 0,000 ppm 200 me/ke 200 mhe
control) (6 hr x 5 (6 hr x $) (6 hr x 5) 1P toral) = §
Week
0 =1ED ¢ =|ED v =1ED 0 =|ED 0 =1ED 0 = | ED
0 1. 17 M 9 16 22 (1] 5 n kN 21 26
! 15 20 16 i7 10 n 6 5 1 25 I 3
2 19 17 1% 18 13 X 6 9 2 23 5 26"
1 IR 16 16 14 19 i35 9 6 8 1% 15 25
4 6 22 17 17 20 13 9 7 14 16 19 27
§ 17 (1] 18 16 14 2 3 9 12 16 28 n
6 17 19 3 2 2 15 7 1 13 13 24 n
7 I8 19 13 IR N 16 ] 10 10 12 n 19
¥ 13 24 14 18 15 16 ¥ 6 13 10 2 23
“n < 0.01.
Table 6. Mcan number of early deaths per pregnancy. )
Group |, CGrroup 2, Group 3. Group 4, Group §, Croup 6.
ar v(, vC, V(. CTX. FMS.
(negative 14X} ppm 10000 ppm 30.000 ppm 200 mg/kg 200 mg/hg
Weck control) (6 hr x §) (6 hr X 5) (6 b x §) 1P (orah) x §
0 0.77 0.33 0.54 0.40 0.16 0.59
1 0 Ré 0.9 1.00 0.458 427" 150"
2 0.83 1.00 115 0.93 4,847 258
) 0.91 0.73 0.38 0.93 1.54 1.45
4 0.49 0.79 0.61 0.69 1.13 0.8S
N 1.06 0.7t 1.03 1.00 111 0.72
6 0.97 0.9} 0.75 1.39 0.65 0.8%
7 0.76 .47 0.68 0.K9 0.82 0.63
R 1.03 .88 1.00 0.7! 0.70 0.73
"n < 0.0 :
Table 7. Early deaths as & percentage of total implants per pregnant female.
Group |, Group 2, Group 3, Group 4, Group 5, Group 6,
air vC. vC, v, CTX. EMS.
(negative 3.000 ppm 10.000 ppm 30,000 ppm 200 mg/kg 200 m/ky
Week control) (6 hr x 5) (6 he x 5) (6 hr x $) 1P foral) x §
0 6.5 2.7 4.4 31 4t 5.1
| 6.6 6.7 7.5 2.7 49,14 77.78
2 6.4 7.9 9.6 6.9 44.64 i
1 1.3 59 7.0 7.4 4.1 116
4 7.2 6. 4.5 6.5 9.0 6.7
s 7.8 55 7.3 7.9 9.1 5.7
6 4.2 7.6 6.0 1. 5.2 7.0
7 6.4 7.3 57 74 7.0 st
L %.0 7.2 L] 59 57 59
“n < (.08,
"o 0.0,

74
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Labde K Numdser and percentige of nade mdee which sursived treatiment suceessfully: mating at cach week.

Group 1 Group 2, Group 3, Group 4,

Group 5,
(pooled v, vDC, v, CTX.
negalive 10 pppm W0 ppm 50 ppm 20 mipfky
control) (6 hr x §) (6 hr x §) th hr x 5 13
Week Mo of No. of No of No of No. of
mice i mice % mue 4 mice i mice %
4} Ll I 17 11] 20 1] 1% Ky L w 17 76
1 S0 YK 20 9% IR 1) e 75 (X 65
2 S0 D6 20 100 If 94 7™ 6 16 94
1 S0 94 20 10 (£ K9 7" 43 17 94
4 49 YK 20 1 11 Y P 37 I5 100
5 47 4 20 1Y 17 ®2 7 57 17 100
6 49 i 20 100 17 100 ke 43 17 Ry
7 49 92 it 90 17 100 6" S0 16" 75
® 48 92 9 95 17 88 7 57 19 K6
KR
'p o< 001,
n< 008,
Table 9. Number of mated females becoming pregnant.
Group 1 Group 2, Group 3, Group 4, Group §,
(pooled vDC, vDC, vDC, CTX,
negative 10 ppm 30 ppm 50 ppm 200 mg/kg
control) (6 hr x §) (6 hr x 5) {6 hr x §) 1P
No No. MNo. No. Mao. No. No. MNo. No. Na.
Wech pregount  mated pregnant  mated pregnant  mated pregnant mated pregnant  mated
(4} 73 100 10 40 25 k) 5 13 [ ¥ad 34
{ #2 100 22 40 13 36 T 16 20¢ 4
- 78 100 o 40 12 36 7 14 25 1
3 82 100 KE] 40 16 36 b 4 28 kT
4 RS 98 16 40 27 36 6 14 26 12
5 %0 94 34 40 26 34 6 14 29 34
6 N 98 33 40 32 34 5* 14 25 34
7 77 9% 33 40 28 34 7 13 9 n
L 73 9% p1} kY] 6 14 7 14 28 39
"p< 00},
Mo 0001,
fp < 0.05
Tabie 10. Mean total implants per pregnant female.
Group | Group 2, Group 3, Group 4, Group 5,
pooled vocC. vD(C, vDC, CTX,
(negative 10 ppm 30 ppm 50 ppm 200 mg/kg
Week control) (6 br x 8) {6 hr x %) (Ghrx 5 iP
(1} 12.2 o 12.0 11.4 11.5
] 12,3 131 12.4 11.7 9.2
2 12.3 1.7 12.1 1.0 2.5
A 12.0 121 13.2 13.4 1.0
4 (2.0 12.1 13.0 12.7 12.1
h] I.x i 7 12.% 10.7 12.0
(4] 12.%5 12.4 12.4 12.6 .=
7 12.6 13.0 12.5 12.7 1.7
8 12.3 13.6 12.4 12.6 11.6
“r < 0,01,
A el D000,
e 008
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Fabde T Noabwer of pregnant females with aiie o more ca

rly deaths (F D).

e ————

Coronp | Cnoup V| Crronp 4, Group §,
(povled vDC. Vi, VC CTX,
negative 10 ppm W ppm S0 ppm 200 me/kg
control) (6 he x 5) thhr x 5 thhe x %) P
Wk ) St 0 SHED 0 S1ED o SLED i -~ 1 ED
0 40 13 14 16 o [ i 4 9 K
! 41 a1 IR 4 9 14 h ! o 20
: W . 16 IR (¥ 17 s 3 4 2 3
' I 17 IN 16 18 1 3 1 7 21
i W0 44 17 19 i i 5 4 )2 14
5 41 n [l 9 tl 14 1 1 12 17
6 40 14 14 19 |5 17 b % 12 13
7 41 L8] I8 R 15 I ) M 1o 9
X 17 16 13 A} 13 i 1 4 N s
e 0001,
boos 000,
Table 12. Mean aumber of early deaths per pregnancy .
Group | Group 2. Group 3, Group 4, Group 5,
(pooled vDC. vDC, vDC. CTX.
negatve 10 ppm M) ppm 50 ppm 200 mg/kg
Week control) (6 he x 5 tbhr x %) (6 hr x %) ip
Qi {1 59 0.80 0.84 100 | 6
[ 07 n.72 0.61 029 4.00m
i 269 075 0.56 0.71 404"
A 076 0.68 0.46 .80 23
4 079 0.83 1.00 100 G885
5 078 0 6% 0.73 0.67 0.86
& () HR 0.9 0.94 1 00 0.64
7 0.68 0.85 0.57 0.57 0.74
8 (1,KS 0.75 0,88 0.7t 010
o (LK
Fable 13, Early deaths as a pere xe of total impl per pregnant female.
Group | Giroup 2, Group 2}, Group 4, Group 5,
(pooled vDC. vDC. vDC. CTX,
Weeh negative 10 ppm 30 ppm S0 ppm 200 mg/kg
control) 16 e = 5) (6 hr x §) 16 hr x §) P
[} 4 R 0.1 7.3 17.3 9t
! 5.7 53 5.1 2.2 45 &
i 8.8 6.9 4.4 s7 414
ki 6d 6.3 16 i3 21.8”
4 6.9 7.1 7.4 10.3 6.9
5 6 & 61 6.2 5.6 69
& 70 1.6 R.3 75 56
7 49 6.6 4.5 4.3 6
% 7.0 5.4 74 5.8 24

o= (LK,

Fertility

Successful Mating Frequency. The numbers
of males suceessfully mating at each week ure
shown in Tables 2 and 8. Numbers remained high
during the experiments. No statistically significant
differences in the mating requeney were found be-
tween VO treatment groups and the control at any
weeh by using i chi-squined test. There was, how-
ever, a significant difference between the EMS-
treated group and the negative control group in
week 1. In the VDO sudy, the nuting frequency
was ligh o the two groups evposed 10 the lowest
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doses of VDC in all weeks by comparison with the
negative control group. The mating frequency.
however, was statistically significantly lower in the
high exposure group in wecks (=8 and the positive
control group in the weeks 0. 1. and 7. This effect in
the VDC highest exposure group was, however,
probably due wr infestitity of the males used.
Uregnancy Frequeney, The numbers of
females in cach group which became pregnant at
each week of mating are shown in Tables 3und 9. in
the VC study. statistical ditferences between
treated groups and the negative control group were
found only in the EMS-treated group at weeks 1 and
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2 by wsig o dhesguare test I the VRO study
thete were sinificant differences in the highest
VIO exposure group at weeks 0=b und the positive
conteol pronp m weeks 0, 1, and 70 Agiun this was
probably due o fertility of the mades.

hese resilts indicate that VO at the thiee ex-
posure devels and VIO i deast at exposares ot 10
aed 30 ppm did ot canse a reduetion ain ferality,
Any redoced fertibity at 50 ppm VDO was un-
proven,

Total Implantations

I'he mean total number of implants per pregnant
female in cach group v shown in Tables 4 and 10
L he mean values were adjusted to tuke account of
the unequal number of pregnant females per male
and were compared statistically by using an
analysis of variance and a -test, tn the VO study
stutistically significant differences were evident in
week |in the CTX-treated group and weeks 1 amd 2
mn the EMS-treated group. A wignificant difference
(p < 0.05) in week 4 was also found between the
group exposed to the highest dose of VC (Group 4)
and the negative control group. In the VDC study
the CTX positive ¢ontrol group was statistically
significantly different from the negative control
groups in weeks [, 2, 3, 6. und 7. Only the VDC
group 10 be exposed to 10 ppm showed a significant
difference from the negative control group in the
pre-experimental nontreatment week.

Thus there was no indication of a preimplantation
loss of eggs in either study except in week 4 after
30,000 ppm of VC.

Early Deaths

The data for early deaths have been presented m
VAL IOUS WaYs.

Number of Pregnant Females with One or
Mare Lasly Deaths. In the VC study, CTX and
I-MS treatment caused increases in the pumber of
pregnancies with early deaths (Table 5). The elfect
was significant (chi-squire) in weeks 1 and 2 for the
CTX-treated group and in week 2 for the EMS-
ticated group. No differences from the negative
control group were seen in the VC-treated group.
Sunilarly in the VDC study there were only sig-
aificant differences in the CTX positive control
group in weeks |, 20 and 3 (Table 1),

The Meanw Number of Early Deaths per
Pregnancy, A lavge number of low or zero values
were encountered, so it was necessary Lo stabilize
the varincee prior to unalysis, There were no statis-
tcally significant increases in early deaths afier VO
treatment (Table 6). However. differences were
evident in weeks T and 2 with CTX treatment and

December 1977

with EAMS teatment In the VO study ondy the
CTN positive control group was signiticantly dJit-
ferent from the negative control group in weehs 1.
2oand Y Table ().

Farly Deaths as a Percentage of Total Tn-
plants per Pregnant Female,  Again, it was
necessary (o stabilize the variance proor (0 analysis.
In the VO study CTX and EMS treatment grotips
were sigtuficantly different from the negative con-
tol groups in weeks | and 2, whereas VC-treated
groups were not (Table 7). The CTX treatment
group also showed a significant difference in the
week before treatment. In the VDO study only the
CTX treatment group was significantly different
from the negative control group in weeks I, 2. and 3
(Table 13).

Thus with all these different methods of analysis
of the data of early deaths no statistically significant
Jifferences from the negative control groups were
seen in the VC or VDC treated groups.

Late Deaths

In cach study late deaths were randomly distrib-
uted throughout all the groups and did not appear to
be treatment-related.

Conjoined Placentae

Conjoined placentae were seen in this strain.
They were the resull of very close implantation
sites and were not monozygotic twins (/2). In the
experiments they were classified as double implan-
tations. Since they occurred with equal frequency
in wll groups they did not appear to be correlated
with treatment.

Discussion

The best indication of mutagenic activity of a
substance in the dominaat lethal test is an increase
in the number of post-implantational foetal carly
deaths (/3). From the data for early deaths there
was no evidence in either study of a mutagenic ef-
fect with VC or VDC ut the administered exposure
évels. Thi appear to be a result of luck of
sensitivity of the unimals used, since there was a
mirked response to CTX and EMS. High doses of
CTX und EMS were used in our studies to obtuin
highly significant positive vesult, However, the
dommant fethal study in our hands (/4 is at least as
sensitive as that reported elsewhere, We have shown
ethyl methane sulfonate on previeus occasions to
give o positive result with a single (P dose of 150
mg/kg body weight., which is comparable 1o that
teported previously (15) for the same mouse strain.
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Fou teasons deseribed eathier (70, 11, ditferent
evaluation methods were used {or the curly deaths’
datac and much of the data w the studies were sub-

Jected 1o various methods of statistical analysis.

Pre-implantation egg losses, while representing
some of the mutagenic elfect, we not as important
as postiniplantational losses, for they could also
arise due to other thun genetic factors (13). Pre-
smplantational egg losses have been studied by
comparing vadues of total imphints in females mated
with trcated males and those mated with control
males, as suggested by Epstem (76), rather than
vounting corpora lutea, There was no pre-
imphmtationsd egg foss by compatison of VC- or
VDC-reated groups with the aegative control
group. eacept in the highest VO exposure group in
week 4 (p < 0,05). When a treatment group 1s sig-
nificantly different from a negative control group
there is generally a umform reduction in implints,
whereas in week 4 after VO treatment the low result
wis due 1o g large extent to the resalt from one
female, Without this female, meun values would not
have been significantly different from the negative
control group. Therefore. this result is not ¢on-
stdered biologically sigmificant. Yet another reason
is thit there was no corresponding inclcase in early
deaths at this tme.

Late deaths also are not considered as important
as garly deaths in the assessment of the mutagenic
potential of a test substance (/3. Late deaths were
excluded from anmalysis 10 increase test sensiivity.
Givapp and kolbus (/7) have shown, however. that
trisonties in mouse foetuses cause death und elimi-
nation before term. it might be wrgued that sampling
for lae deaths at a later stage of pregnancy might
lead to different results for late deaths, However,
the randomness of their distribution in both studies
would suggest otherwise.,

There was no reduction in ferulity as measured
hy the mating and pregnancy frequency at any week
at the eaposure levels of VC, suggesting no antifer-
tility eftect. The same was true for the VDC groups
exposed at 10 and 30 ppm. However, the decreased
fertility in the group exposed to 50 ppm was proba-
bly due to the infertility of the males which had to
be used to establish a group of sufficient size to
perform the experiment.

A Tertility study was undertaken prior to the ex-
periment also for reasons deseribed carlier (10, 1)
From these mitinl fertility data the background
dominant Jethality of ol groups was determined
primarily to uscertain that there were no initial dit-
ferences between groups.

Mut‘u.uuc eftects of vinyl chloride have been nhA
served _n laboratory tests and mﬂg_pmcd work
r'_hls s(udy_u-/h?:"re exceptionally high doses of VC
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were tsed, which would never be encountered by
workers, no mutational effect in the germ cells was
observed. APOSSIBIE X phination is that the active
metabolites did not reach the geim cells, Similly
the lower but more toxic levels of VDC did not
produce germ cells mutations.

1t _can be concluded, therefore, that VC and
VIIC do 0ol cuuse domimant Tethal mulahons. in
mile CD-T mice at 30, 10,000, and 30,000 ppm
and TO R ARd 50 ppm. respectively.

The authors would like o thank the Infaletion Section o
vepaning the males to VO und VIO, Mis 5, Palmer fot her
technical assistanee. and Mre, ' Weight and Me S0 H Flles for
then statistical eviduation of the data ANl persapned mentioned
are at they lahoratory except Mro 5 H. Ellis, who o at 1CH
Pharmaccuticals Ihvision, Aldevley Purk
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Risks to the Offsbring from
Parental Occupational Exposures

Joanna F, Haas, M.D., and David Schottenfeld, M.D.

Risks to the offspring of workers with occupational
chemical expasures may derive from mutagenic, terato-
genic or carcinogenic effects of industrial agents to which
the parents are exposed. Evidence for impaired pregnan-
cies and hazards to the offspring of working populations
with chernical exposures 15, however, very limited. Perhaps
the best documented example is increased spontaneous
abortion rates in female operating room personnel who
have first trimester exposure to waste anesthetic gases. Evi-
dence is reviewed for hazards to the offspring resulting
from parental occupational exposure to vinyl chloride,
benzene. chloroprene, radiation and petroleum-derived
hydrocarbons. It is essential in investigating the role of
occupational factors that other environmental and behav-
ioral factors with major effects on pregnancy outcome be
accounted for. These include smoking, alcohol, and drug
exposures. An approach to survelllance for chromosomal
abnormalities in offspring of occupationally exposed
parents is outlined.

Derwed from the Greek word “repat,” meaning a mar-
vel, prodigy or monster, the word “teratogenic” was used
by 1857 to mean the “production of monstrous for-
mations or births.”* The term has been refined to refer to
the biological science dealing with “'the causes, mecha-
misms, and manifestations of developmental deviations of
either structural or functional nature ! An agent may act
as a teratogen when admimstered 1in a number of ways,
whether to the male or female before mating to the
female during pregnancy, or to the fetus directly * Agents
n the environment may produce alterations in the ge
nome, mutations, and by that mechamsm lead to abnor-
malities of development n the offspring Viral, drug or
chemical agents acting through common pathways may
produce indistinguishable results The outcome of such
mutations may theoretically be fetal defects or predis-

from Cornell Unwernity Medical College and Memonat Sloan Kettenng
Cancer Center. Box t). 1275 York Ave Mew York MY 10021
Supponted m part by a conttact with the Amenc an Petroleum Institute
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position to neoplasia. Agents which alter the rate of
growth of the fetus or are lethal to the fetus without pro-
ducing specific anatomic or functional anomalies are bet-
ter termed developmental toxins than teratogens.

Cancer in the offspring of individuals exposed to a car-
cinogen may theoretically be the resuit of any of three
types of exposure: prezygotic, by alteration of parental
germ cells; transplacental, by passage of carcinogenic
substances across the placental barrier; or postnatal, by
contamination of the environment with carcinogenic sub-
stances, pnmanly through ingestion (including substances
excreted in hurnan breast milk} and through inhalation,

Evidence for risks to the offspring of humans occupa-
tionally exposed to potentially hazardous substances 1s
reviewed in the present work. The term trans-generational
carcinogenesis is used to describe the occurrence of
cancers in the offspring which can be attributed to paren-
tal exposures. This term is proposed to encompass not on-
ly the established process of transplacental carcino-
genests, by which a substance administered to the mother
dunng pregnancy results in cancer in the offspring, but
also the controversial 1ssue of preconception alterations
n genetic ratter resulting in ncreased teratogenic or
cancer risk 1n the offspring The latter effect could theo-
retically result from each of three distinct mechanisms:
chromosome breakage, point mutation, ar abnormalities
in gametogenesis or fertilizauon.

Mutagenic and Teratogenic Characteristics of an Agent
and Yrans-Generational Carcinogenesis

Mutagenesis, teratogeness and carcinogenesis are re-
lated phenomena, but the nature of thewr relationship
complex and occasionally controversial [t has been
argued that the “same ¢ hemical that causes abortion in
the early stages may produce malformations during organ
development and neoplavia when exposed [ater in preg-
nancy Therefore, screemnyg tor transplacental hazards
should include, whenever possible, the entire range of
fetal response. including cancers that may develop some-
time after birth ** Teratogemic, mutagenic and carcing-
gemc activities are all demonstrable tor a number ot com-
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pounds, but tramsplacental carcmogeme potential has
ety heen demoistrated tor known eratogens and mwg-
tagens. leratogenic effects may retlect a vanety ot ac-
tions involving the mother, the placenta or the feta-pla-
cental unit These effects can be indirect and may not in-
volve immuediate action of the agent on the target fetal
tissue ¥ Transplacental carcinogens may act directly on
the fetal tissues which are inherently thore vulnerable be-
cause of the high rate of cell dnasion, high proportion of
undifferentiated cells and immatunty of immunosurveil-
lance mechanisms

To appreciate potential danger from an environmental
exposure to offsprning of the exposed orgamsm, the out-
come of all exposed pregnancies should be considered.
Early fetal wastage commonly results from abnormal
fetal development. At the other extreme, transplacental-
ly-induced tumors hardly ever appear in rodent species
until the ammal reaches matunty. In the only docu-
mented example of chemical transplacental carcino
genesis In humans, vaginal adenocarcinoma following di-
ethylstilbestrol (DES) exposure, the tumor occurs decades
following exposure Thus, since transplacentally-induced
tumors, unhke malformations, are rarely present at birth,
‘one must also observe the offspring nto adulthood to see
the full spectrum of resulting tumors.

Environmental Threats to Pregnancy Outcome

Recognized threats to pregnancy outcome are not un-
commonly encountered m the environtment and must be
excluded when new problems are suspected. Threats are
posed by biologic, chemical and physical agents, and
may denve from medical therapeutic interventions, drug
and substance abuse. and environmental or occupational
exposures to chemical agents.

Alcohol. —The most widespread documented threats
to the fetus come not from the maternal physical environ-
ment but from the use of tobacco and alcohol durnng
pregnancy. Only recently has the nsk of alcohol ingestion
in pregnancy been evaluated and the concept of the fetal
alcohol syndrome refined.” Of infants born to recognized
chronic alcoholic mothers, 83 3% had birth weights under
the tenth percentile, compared with 2.3% in a compara-
ble non-alcoholic population.® in addition to mtrautenine
growth retardation, the infants had retarded post-natal
growth and intellectual development. A characteristic
facies, with short palpebral fissures, hypoplastic philtrum,
thin vermilion line of the upper lip and retrognathia, has
also been déscribed.

In addition to these features of the fetal alcohol syn-
drome, congenital malformations of various types occur
with excess frequency, Recogmition of an associated in-
crease in the occurrence of congenttal malformations
ronically re-emphasizes ancent observations and ad-
momtions aganst alcohol use dunng pregnancy * The ad-
verse effects on the fetus of maternal alcohol abuse dur-
ing pregnancy were further quantified by Ouellette et al,'*
who classified women at the first prenatal visit into four
categories according to alcohol consumption and in-
dependently evaluated pregnancy outcome Compared
to those born to abstinent or moderate drinkers, infants
born to heavy drinkers had twice the risk of having an ab-
normality at birth The frequency of congenital abnormal-
ities wn the offspring of heavy drinkers was extremely

608 Risks to Olspring from Parental Occupational Exposures/Haas and Schottenfeld
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high — 32% when minor aboormabbies were included,
V7% b only major anvimahies were considered  Muliphe
abnormalives were present in 20% of the offspring of
heavy alcohol users Major, minor and multiple abnor-
mahties occurred significantly less often among abstinent
or moderate drinkers Animal models, mcluding chicks,
rats and guinea pigs, have been developed for evaluating
the effects of ethanol alone on offspring, and support the
view that ethanol itself 15 a harmful agent, and that its
teratogemc potential 1s common to several species '

Smoking. — Another factor influencing pregnancy out-
come, maternal smoking habits, should be addressed
efforts 1o tie environmental exposures of the parents to
the survival and integnty of the fetus. Kline et al'? suggest
that the odds of spontaneous abortion among women
who smoke are 18 times those of nonsmokers. This
associalion remains statstically significant after maternal
age, and number and outcome of previous pregnancies
are taken into account. .

The manner in which smoking affects fetal survival is
controversial. Smoking results in lowered birth weight,
which may or may not be related to the increased fre-
quency of spontaneous abortion.'* '* Lowered birth
weight may resuit from impaired maternal nutrition or
fetal anoxia, neither of which produces an excess of

chromosomal abnormalities in the conceptus. Alternate .

explanations for an association between smoking and
spontaneous abortion have been proposed. Since span-
taneous abortion serves as a means of selectively termi-
nating abnormal conceptions and since 95% of abnormal
pregnancies are believed to terminate this way, an associ-
ation between an environmental factor and increased
spontaneous abortion should always evoke suspicion of a
teratogenic phenomenon.'* Smoking increases the nisk of
spontaneous abortions by a factor of 1.8, yet the percent-
age of abortuses which are chromosomally abnormal 1s
close to that expected. The absolute risk of a2 chromosom-
ally abnormal fetus appears, therefore, to be higher in
smoking mothers.

The relationship of karyotypic abnormalities in spon-
taneously aborted products of conception to maternal
smoking habits 1s complicated by variation in the propor-
tion of chromosomally abnormal fetuses with increasing
maternal age and by the fact that a large proportion of
smokers are younger women.'* An increase in the rate of
chromosomally abnormal conceptions might be masked
n a proportionate ratio analysis if there was also an in-
creased loss of conceptions without demonstrable cyto-
genetic abnormalities.

Evidence for an increase n congenital malformations
in children of smoking mothers 1s imited and conflicting,
tn a cohort of births occurnng in the first week of March,
1958, in tngland, Scotland and Wales, Frednck and col-
leagues'’ identified a 60% ncreased risk of congenital
heart disease among children of women who had smoked
at least one cigarette per day after the fourth month of
pregnancy (7 3 vs. 4.7 cases per 1000 hive births). This ef-
fect remained statistically sigrificant after adjustment for
maternal age, panty and social class. An investigation of
congenital defects of all systems registered in South
Wales from 1964 to 1966 which took into account mater-
nal age, panty, social class, area of residence and date of
delivery did not associate maternal smoking habits with




compental mallomations i any system ™ 1 s possible
that modderate mereases i relative ok ought have pone
undetected

Analysis of data from a mailed survey of a large num-
her of protessional women i medicine identibied a reia-
tive nisk of up to 17 for spontaneous aborbon and a rsk
of cengemtal abnormabities of up to 2 3 0 heavy smokers
after the effects of age, panty and exposure to anesthetic
gases wore considered :

Drug [xposure. —In utero exposure to diethylstilbestrol
(DES), with the subsequent development of vaginal
adenocarcinoma, 1s the prototype for transplacental on-
cogenesis in humans. Appreciation of the causal role
playwd by in utero exposure to DES followed hard upon
the report of seven cases of the hithertofore exceedingly
rare tumor, adenocarcinoma of the vagina, presenting in
young individuals, 14 to 22 years of age ¢ The syndrome
appears 1o involve not only cases of vaginal adenocar-
cinoma, but a spectrum of abnormalities of the vagina
and cervix. Only when exposure to DES occurred dunng
the first four months of gestation were neoplasms or ab-
normalities observed.

The DES vaginal adenosis-adenocarcinoma relation-
ship is the only documented example n humans of
cancer in the offspring attributable to parental environ-
mental chemical exposure. The therapeutic agent was
given in a high dose, commonly more than 10 grams in
the first half of pregnancy DES, a synthetic nonsteroidal
estrogen analogue, was likely to have a direct effect on
the development of the target tissue at a crucial pont in
embryogenesis. Since the risk to the offspring appears
limited to exposures which occur during the first four
months of gestation, direct exposure of the fetus is likely
to be essential to the pathogenic mechanism. The long
fatent period, with exposure in utero and emergence of
clinical sequelae in adolescence, probably reflects the im-
portance of pubertal-endogenous estrogens as promoting
factors, and 13 a reminder of the need for an extended
period of observation following suspect transgenera-
tional carcinogenic exposures. The association between
DES and vaginal adenocarcinomas, as important as it is,
does not serve as a model for preconception parental oc-
cupational exposures and trans-generational carcinogen-
esis. Teratogenic effects of a multiplicity of drugs are now
documented or suspected and these will not be discussed
here further except to reiterate the need to remove the
potentially confounding effects of such agents in investr
gations of other possible causes of impaired fetal devel-
opment **

Civen the current status of our understanding, it is
essential that in the search for exogenous causes of tera-
togenesis and abnormal pregnancy outcomes, the poten-
tial confounding impacts of maternal smoking, dnnking,
and medication intake be taken into account.

Radiation. —If preconception radiation exposure in-
creases cancer risk in the offspring, it would heighten con-
cern over other agents which produce chromosomal dam-
age. Chromosomal aberrations attnbuted to vinyl chlo-
ride and benzene exposure, for example, are rermniscent
of those produced by radiation.

While the genetic consequences of rradiation from the
atomic bombings might be expected to produce some
lethal mutations in the offspring of survivors, this effect

has been difficult to demonsteate Cohort stuches of off-
spromg of survivors classilied by radintion exposare level
did not show excess mortality in the children of the high
exposure proup. Newther were excess congenital malfor-
mations, increased infant mortality, nor impaired survival
during the first ten years of life detected, regardloss of ox-
posure level to either parent. Thus, although animal ex-
perience strongly suggests that such effects should be
manifest in offspring of individuals exposed to ionizing ir-
radiation, studies of Japanese atomic bomb survivors
have not dermonstrated measurable effects.’*

No substantial increase in leukemia nsk has been de-
tected among offspring of survivors Analyses having a
90% chance of detecting a fourfold increase in nsk of
leukemia among children of heavily exposed survivors
wene negatives Neither did ape-at-onset of  observed
leukemia cases nor type of leukemia in offspring diffor by
level of parental radiation exposure. Despite the docu-
mented persistence of chromosomal aberrations in. the
somatic cells of adults exposed to the atomic bomb, no
measurable impact on mortality, congenital malforma-
tions or leukemogenesis has been detected in their off-
spring. ™ ,

in addition to radiation exposures related to the atomic
bombings, diagnostic and therapeutic medical radiation
of the parents has been investigated to assess risks t the
offspring. The magnitude of leukemia risk associated with
previous radiation was estimated, after adjustment for
matemal age and pregnancy history, to be 1.73 times that
of mothers who had not been x-rayed. Despite the sugges-
tion of greater risk in wormen with higher x-ray exposure,
no clearcut dosetesponse gradieat was demonstrated,
The relative risk of leukemia in the child associated with
preconception diagnostic radiation of the father (1.31)
was not statistically different from unity. When both
mother and father had histories of preconception diag-
nostic x-rays, the order of magnituderef the relative risk,
149, was about the same as that for children whose
mothers alone had receved radiation.””

Exposure to medical radiation has been widespread. By
the early 1960's, approximately 35% of a group of
mothers of healthy children reported having received
diagnostic radiation prior to conceivipg. Similarly, about
22% of fathers of the same children reported having had
some sort of diagnostic radiation at some time prior to
the child’s conception. Selfteporting considerably under-
estimates the extent of x-ray exposures.”* The tendency to
substantially underreport x-ray exposure points up the dif-
ficulty of excluding differences in prior radiation expo-
sure as a basis for observed differences in chromosomal
aberrations Neither is it reasanable to automatically pre-
sume that medical radiation exposures have been equally
present in the study and comparison groups, especially if
these groups have not been matched by age or calendar
penod of observations.

Occupational Exposures and Pregnangy Outcome

Vinyl Chlaride. — Chromosomal abnormalities may oc-
cur more often than expected in persons exposed to vinyl
chloride, especially following intense exposures of long
duration. The import of such abnormalities for reproduc-
tive outcome remains ill-defined.

Chromosomal aberrations were reported in 1975 in
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Swadinh vinyl chlonde workers. Abnarmalities appeared
n cells drawn from seven males with occupational expo-
sure historess Of vine to 29 years (mean 16.b years) at vinyl
chloride concentratons which had declined to 20-30 ppm
by 1974.** The proup exposed to vinyl chlonde had aber-
rations in a total of Y 52% of all cells, compared to194%
for cells of three unexposed controls. hfferences in the
frequency of chromatid and wsochromatid breaks ac-
counted for most of the disparity. Considerable variation
was exhibited, with cells considered abnormal ranging
from 1 5% to 18% in the exposed workers There was no
apparent relanonship between duration of exposure to
vinyl chloride and the proportion of cells which were ab-
normal. Age, rachation exposure or other environmental
factors were not evaluated, nor was it clear on what basis
individuals had been selected for study.

in New York State, chromosomal aberrations were re-
ported in somatic cells of 11 men who had worked in a
polyvinyl chlonde polyrnerization plant and who were be-
lieved to have experienced intense intermittent exposures
to vinyl chloride in concentrations of over 500 ppm, as
well as chronic, but unquantitated exposure for four to 28
yeats (mean, 15 years). Control samples were drawn from
four males in the same factory who were not known to
have had vinyl chloride exposure, and from six males
from outside the factory. Complex chromosomal aberra-
tions (rings, dicentrics, fragments) occurred significantly
more frequently in the exposed than in the control group,
a result which was properly interpreted with caution. The
authors point out the absence of age-matched controls

- and the substantial age difference between study group

and controls. The frequency of chromosome breaks and
gaps was unexpectedly high in both control and study
groups.'® No relationship could be defined between dose
or dyration of exposure and frequency of chromosomal
aberrations .

investigators reporting from the United Kingdom
stucdied 56 men who had had chronic exposure to vinyl
chlonde monomer in the course of manufacturing poly-
vinyl chlonide and compared them with 24 unexposed -
dividuals.*' Vinyl chloride exposure of men employed in
its manufacture could not be easily quantitated. Individ-
uals with exposures to radiation or with recent viral infec-
tions or prolonged drug treatment were excluded.
Samples were coded and read blindly. A higher propor-
tion of cells with chromosomal aberrations, the majonty
of which were breakages, was found in vinyl chlonde-ex-
posed workers than in controls Unstable and stable
chromosomal aberrations and breaks were all signifn
cantly more common in cells from exposed workers

Not all investigators have identified such changes No
differences were found in frequency of chromosomal
aberrations between a group of 209 employees of a vinyi
chlonde plant (occupational exposures averaging 483
months) and a group of 29% individuals undergoing pre-
employment physicals.’” No relationship was established
between duration of vinyl chlonde exposure and degree
of chromosomal damage. The absence of hlind evalu-
ation in this study, as well as inclusion of indwiduals with
minimal exposures in the exposed group, makes interpre-
tation difficult. This difficulty 1s compounded by the sub-
stantial difference in mean age of study and control
group members,

Prognancy outcome n the wives of men exposed to
vinyl chlonde monomer (VCM) has been said to be less
favorable than that expenenced by wives of a group of
polymenzation and polyvinyl chloride (PVC) fabrnication
workers ! ** One comparison group, the polymenzation
workers, was believed not to have been exposed to VCM,
wheras PVC workers had low VCM exposure. Data on
pregnancies and pregnancy outcomes in the wives were
derived from interviews and questionnaires administered
to male workers. Participation rates for the groups
quened ranged from 62% to 77%. Fetal death was de-
fined as any known conception which did not resuit in a
live birth and rates were adjusted by paternal age. Mater-
nal age was not known, but was presumed to correlate
closely with paternal age. Analysis of questionnaire re-
sponscs suggested that the number of fetal deaths per 100
conceptions was. higher in the VCM-exposed group than
in the companison group. This difference was reported on-
ly for the peniod following vinyl chloride exposure. Ad-
justments removing women who were chronic aborters
eliminated statistically significant differences. While the
authors felt that these observations were likely to reflect
a real difference in pregnancy outcome not attributable
to either interviewer or patient recall bias, the conclusions
were based on indirect sources of information and could
not take into account the multiplicity of maternal factors
known to affect pregnancy outcome. The study design
precluded documenting in even the crudest manner the
validity of pregnancy histories. Without such adjustments
and validation, the inferences made by Infante and col-
leagues® ** cannot be sustained and little light is shed on
the possible association of abnormal pregnancy outcome
with paternal occupational exposure to VCM,

Studies of pregnancy outcome (i.e., spontaneous abor-
tion, late fetal death [stillbirth], low birth weight, neonatal
death) in other settings have shown the profound and sub-
tle effects of confounding vanables such as race,
socioeconomic status, maternal age, birth order, parity,
smoking and alcohol exposure during pregnancy, mater-
nal infections, and previous pregnancy outcomes. These
effects may readily reverse the direction of the relation-
ship between a suspect antecedent factor and the out-
come of pregnancy ** Future efforts to document a rela-
tionship between impared pregnancy outcome and occu-
pational exposures of fathers must validate information
on pregnancies and take into ‘account known con-
founding factors.

Chloroprene. —Structural  similarities between vinyl

chlonde and chloroprene have raised questions about

long-term hazards resulting from chloroprene exposure.
Chioroprene 1s mutagenic in certain systems and possibly
carcinogenic The possibility that it has induced excessive
miscarnages in the wives of male workers and led to
chromosomal aberrations has been asserted but not well
documented '*

Benzene. — Benzene also may cause chromasomal
aberrations following heavy occupational exposures.
Twenty males working in a factory in which benzene had
been used as a solvent were studied for chromosomal
aberrations Members of this group had one to 20 years of
henzene exposure; 14 were known to have previously
been neutropenic Chromaosomal abnormalities were re-
ported in 2 5% of all cells from exposed workers, com-
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parad 0 0 VA% o comttoly. Mont ol the excess was
due to ¢ hromosomal aberrabions of the unstable types In
achibtion o the excess of abnommal oy m the exposed
group, the number of unstable alterations per abnormal
cell was higher i the exposed group than wn the
controls ¥

in a separate nvestigation, ten workers in an Italian
rotogravure plant who had had sequential éxposures, first
to benzene and later to toluene and xylene, were studied.
These workers had been subjected to concentrations of
bongene ranging trom 125 ppm to 532 ppm or higher, The
maximal allowable concentration at the time of these ex-
posures had been 25 ppm Another group of 24 workers
had prmarily toluene exposures except for trace
contamination with xylene These 34 workers were
matched with healthy controls of similar age and sex, who
had been drawn from the general population and who
had no history of benzene or radiation exposure, A signifi-
cantly higher proportion of abnormal celis was found 1n
the benzene-exposed 'individuals than n their matched
controis. In the group with toluene exposure. no such ex-
cess was present. When the benzene and toluene groups
were compared to each other, an excess of chromosome
changes was present in the benzene group. Most of the
excess was attnbutable to unstable chromosomal altera-
tions.**

These studies and others™ support the impression that
exposure fo benzene, particularly exposures intense
énough (o Tésult in acute toxicity, can be followed by a
Measurable excess of chromosomal aberrations_which
may persist for years. If similar effects occur in germ cells
of exposed individuals, the consequences in fetal
wastage, congenital anornalies and even neoplasms might
be mamtest in their progeny. To date no excess of such
abnormahties has been reported in offspring of benzene-
exposed individuals,

Anesthetic Cases. — Occupational exposures of
fernale operating room personnel to waste anesthetic gas-
es have been held responsible tor decreased fertility, in-
creased rate of spontaneous abortion, low birth weight
and possibly impaired development in the offspring. An
excess of spontaneous abortions in wives of men pro-
fessionally exposed to anesthetic gases has been suggest-
ed but not confirmed,

Among operating room nurses, 297 % of pregnancies
terminated with spontaneous abortion, compared to
8.8% among control nurses. A simiar excess of spon-
taneous abortion was observed for female physician
anesthesiologists compared to female physicians in other
specialties.*® Spontaneous abortions occurred two weeks
earlier on the average among the operating room ex-
posure groups than among coontrols. at an average of
eight rather than ten weeks of gestation Another survey
suggested that for female nurse-anesthetists who had
woarked duning pregnancy, the frequency of birth defects
in the offspring was 164% compared 10 57% for
pregnancies in which the mother had not worked.*

Studies from Finland and the United Kingdom also sug-
gested a deletenous effect on pregnancy outcome from
maternal exposure to operating room environments An
increase in frequency of early spontaneous abortions, as
well as low birth weight, has been reported for Finnish fe-
male operating room staff ** Among female phystcians in

Fnpdandd and Wales, greater mcudenge of congenttal dee
fec s, lower burth weights and higher sullbueth rates,
not gher spontancous abortion rates, were reported
from pregnancies of women hoiding anesthesiology
appoimtments than from those of other women physi-
cians *!

The effects of paternal exposure to anesthetic gases
are uncertain Congenital anomahies were reported to be
increased by 25% n the offspring of male anesthesiolo-
gists compared to offspring of male members of the
Amencan Academy of Pediatrics, but no difference was
reported for spontaneous abortion rates among wives of
male operating room personnel compared to controls *
Questionnaires completed by 5119 married male physi-
cians in the United Kingdom suggested an increase in
minor but not 0 major congenital anomalies, and no dif-
ference in frequency of infertility, spontaneous abortion
or cancer in the offspring of male anesthesiologists com-
pared to control physicians.**

Hydrocarbons, — Two studies offer conflicting evi-
dence with respect to the risk of cancer in children of
men whose work might lead them to be exposed to
petroleum-derived hydrocarbons Fabia and Thuy** re-
viewed death certificates in Quebec during 1965 to 1970
to identify children who had died from malignant disease
while under five years of age For 386 of 402 such
children, birth certificates were also found in the Quebec
population register A control group of 772 children (two
for each cancer death) was selected using the birth
registration record preceding and following that of each
case in the official files. This effectively matched for
season, calendar period, and province of buth. Qccupa-
tion of the father at the time of birth was taken from the
birth certificate. An industrial hygienist independently
grouped the fathers into three levels of probable exposure
to petroleum-derived hydrocarbons. Occupation of the
father was unknown for 30 cases and 56 controls. The dis-
tribution of occupation of the father at birth differed for
cases and controls. Most of this difference was the result
of an excess among cases of paternal occupations con-
sidered to be hydrocarbon-related. The relative odds of
cancer m the childeen of men holding hydrocarbonre-
lated jobs at the time of the child’s birth were 31, an -
crease which was unhkely to have occurred by chance.
Most of the excess in exposed occupations was account-
ed for by motor vehicle mechanics, machinists, miners
and painters. When similar analyses were conducted by
the type of cancer in the child, the excess of hydrocarbon-
related occupations prevailed for the following group-
ings: leukemialymphoma, nervous system malignancy,
other tumors. Fathers of four of five cases of Letterer-Siwe
disease were 1n the hydrocarbon-related work groups. No
such excess was present for children with Wilms' turmor,
The differences observed could not be attributed to dif-
ferences in parental age or in geographic residence at the
time of birth. The investigation was based on deaths in
children under five, and it 1s possible that social class bias
may have been introduced in that fashion. If, of those
with a childhood neoplasm, children of more affluent
parents are more likely than children of poorer parents to
survive beyond age five, they would not be included in
the study group. This would lead to a hugher proportion of
chiidren with parents of lower socio-economic status in
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“the Cancer death group mxd would bias the ditribution ot

father's oc cupation Moreover, it was not possible to con
hirm that tathers in the socalled “exposed” group did, in
fact, have contact with hydrocarbon-dernved chemecals
While not xieal, the death certificate probably s a valid
source of thagnoshic information for cancer deaths in
voung chnldren  fhe cancer groupings employed in the
analysis  — legkermas and  lymphomas,” “nervous
system™ and “others” — were guite broad and included
many listopaihologie entities O capational association
was not restricted to specihic entities within the broades
categories, Because the epidemiologic features of the
vanous histopathologic types of leukemias, lymphomas,
and nervous system tumors are distinctive, a specific
chemical exposure or class of exposures, of assumed to be
of cauwsal sipmficance, would more likely be hinked with
speaific histopathologic as well as organ system effects.

A study with a similar design but different findings was
conducted n Finland *” Children under 15 years of age
who developed cancer were identified from the Finmsh
Cancer Registry, 1959-1968. Of 1409 cancer cases 50 iden-
tified, the final senes consisted of 6§52 pairs for whom
birth records which included father's occupation were
available. Each case was matched with a child whose
birth date immediately preceded that of the case and
who was born in the same maternity welfare district. This
procedure matched effectively by calendar period,
season and domicile at the time of birth. Father's occupa-
tion was drawn not from birth registration records but
from records of the free, nationwide antenatal care
- system in operation in Finland. Father's occupation was
classified by likelihood of hydrocarbon exposure in a
manner which was shown to be comparable with that
employed in the study done in Quebec No excess risk for
hydrocarbon-exposed fathers was detected for any class
of neoplasms either for children whose cancers occurred
under five or under 15 years of age.

The two studes differed pnmanly in the source of in-
formation on father's accupation. For the Finnish study,
that information was drawn from antenatal records com-
piled for the most part in the first thmester of gestation.
This may be a better index of exposure at the time of con-
ception than information recorded at the time of birth in
the birth certificate itself. Although a large number of
pairs were discarded in Finland because father's occupa-
tion was not recorded, these came from a circumscribed
calendar period. Since a matched pairs design was main-
tamned throughout the amalysis, removal of these cases
should not intluence the result. The Finnish study used in-
cident cancer cases and looked at age groups up to 15

years at the time of cancer diagnosis. The Quebec group.

dentified only cancer deaths up to five years of age
Vanation i termnology of occupational classification
might also contribute to the differences, although efforts
were made to establish therr comparability At present,
the contradictory findings of the two studies are not
reachly reconciled.

Surveillance of Spontaneous Aborlions as a Strategy of
Environmental Monitoring

The relatonship between mutagenic, teratogenic and
carcinogemc effects in the offspring of persans exposed
to noxious environmental agents 15 a complex one

Surveillance of spontancous  abortions may  have a
numler of advantagey a5 o proapective means of
monitoring for such effects since defective conceptions
are aborted selectively As a result, studies of terato-
penesrs focusing on spontaneous abortions may be con-
siderably more efficient thar those conducted in new-
borns Because the frequency of abnormalities 15 higher in
spontancous  abortions, the sample size neecded to
demomstrate a change in nisk is much smaller than that re-
quirest for a parallel query addressed to defects recog-
mzed at birth, The magnitude of this difference can be
dramauc. it chromosomal defects diagnosable on the ap-
pearance of the newbomn are considered alone, the sam-
ple size required may be hundreds of times that required
in an mvestigation examining prevalence of chromosomal
anomabes in early abortion.** In addition to sample size
considerations, study of spontancously aborted concep-
tions offers a lead time of at least six months over studies
of live births. The abortion specimen can be studied with
care and thoroughness, permitting detection of anomalies
lethal to the fetus which might escape detection in
studies of live births.

The problem of power and sample size is only one of
the issues which beleaguer investigators of associations
between exposures to parents and outcomes of pregnan-
cy. Related factors are the timing of the exposure, mater-
nal or paternal, in relation to conception andjor gestation,
and the specific measures of pregnancy outcome.*® Pater-
nal exposures may act in two ways - by contamination
of the maternal environment resulting in secondary
maternal exposures, or directly by affecting paternal ger-
minal tissue. Since spermatogenesis is a continuous pro-
cess, paternal exposures occurring shortly before concep-
ton are those requiring the most investigative attention
Cumulative or delayed effects are more likely to be of im-
portance in maternal exposures. By focusing on early
pregnancy wastage, particularly if the frequency of
chromaosomal abnormalities in the aborted product of
conceptions can be determined, the objectives of study
are better focused and achieved with reduced sample
size, and the confounding effects of the maternal in utero
environmental factors are minimized.

In conclusion, while the potential clearly exists for tera-
togenesss and trans-generational carcinogenesis in the off-
spring of workers exposed 1o mutagenic and carcinogenic
agents, such effects have been difficult to demonstrate
conclusively in humans. Future investigations must take
Into account a vanety of enviranmental and behavioral
factors which can affect fetal development f causal
associabons between occupational exposures and
pregnancy outcome are to be identified.

References

1 Ot L The Compact Edition of the Oxford Enghsh Dictionary
Oxford Oxford University Press, 1974, oites Dunghison Medical Lex-
wcon, 1857

2 Wikkon |G Environment and Birth Defects, New York Academic
Press, 1973

} Staples RE Definition of teratogenesss and teratogen, in Methods
for Detextion of Environmental Agents that Produce Congenital De-
fects, | H Shepard et al (tds } Proceedings of the Guadaloupe Con-
ference Amsterdam North Holland Publishing Company. 1975

4 Fawment |F, }r The susceptibility of the fetus and chiid to
chemical pollutants Chemicals in human teratogenesis and trans-
platental carcinogenesrs Pediatrics 53 807-812, 1974

612 Risks ta Oftspring from Parental Occupational Exposures/Haas and Schottenfeld

ucc
061046




LR

o nl ok TA aied Kot ° Jevatopemesis omc ogenesis. A study of
possible rebitiomdwps Areh Patbiol 81321 PR

tr Koo I An overyiesy of inansplacental henme ol Carcimogenesis
Legpolopy 8 013125 1973

7 Clareen sk and Seseth W The feral olcohot syadeoene N {ngl
Al 198 10631007 1978

B Ullehanid €N The obfspopg ol alcobole mothers Ann NY Acad
S 197 167 1M, 1922

9 Jones kloand Saath DWW Recogmbion o the tetal aleobol syn-
drome wy early mhaney Tanget 200 000 1473

10 Ouelhette EM, Rosett LU Rosman N, and Wiener U Adverse of-
Test oom afBsprenng of madenral ale ohol abmose dunng pregnaney Nl
} Moed 297 2208 50, 1927

1 Kromck (8 Teratogenk stiecis of ethyl alcohol admimistered to
pregnant e Am | Obster Gynecod 124 676680, 1976

T2 Khoe ), Sten ZA Susser Mg Warburton £ Smoking A risk
fat tor tor spontaneous abewtion N Fopl | Med 297 7938-79, 1977

13 Rush 1D and Kass £ Maternal smoking A reassessment of the as-
secsation with perinatal mortabity Am | [ pifemiol 96 183196, 1972,

14 Never ML, Jonas BS, and Tonasca IN Pennatal events as-
sem tateed wath muatemal smoking during pregnancy Am | Fpidemeod
101404 476, 1976

15 Sten £, Susser M, and Warhurton D Spontaneous abortion as a
screemng device | he effect of (etal survwval on the incoidence of birth
tefocts Am | pidemiol 102 275-2'0). 1975

1H Atherman b, Creasy M Eiliott M, et al Maternal factors
associated with fetal chromosomal .anomalies n spontaneous abor-
tions 8r | Obstet Gynaecol 836214627, 1976

17 Frednck }, Atberman ED. and Goldstein H: Possible teratogemc
eifetl of czarette smokng Najure 231 5295 W, 1971

18 Richards 1IDG: Congemtal malformations and environmental n-
fluence wn pregnancy. Br [ Prev Soc Med 23 218-225. 1969

19 Huenmelberger DU, Brown BW, jr. and Cohen EN' Cigarette
smoking dunng pregnancy and the recyrrence of spontaneous abor-
tign and congemital abnormality Am | Eprdemiol 108 470-479, 1978

20 Herbst AL and Scully RE Adenocarcinoma of the vagina
adolescence A report of 7 cases including & clear-cell carcinomas (so
¢ alled mesonephromas) Cancer 25 745-757, 1970

21 Horbst AL, Ulfelder H, and Poskanzer DC Adenocarcinoma of
the vagina Assaciation of maternal stilbestrol therapy with tumor ap-
pearance in young women N Engl | Med 284 878-881, 1971

22 Herbst AL, Kurzeman R, Scully RE and Poskanzer DC Clear cell
adenocarc inoma of the genttal tract in young females N Engl | Med
287 12591264, 1972

23 Hurbst AL. Poskanzer OC, Robboy 5/, et al Prenatal expasure ta
stdbestrol A prospectve companson of exposed female offspnng
with unexposed controls N Engl | Med 292 134-339, 1975

24 Hewonen OP Buth Defects and Druys in Pregnancy Littleton,
Mass PSG Publ Co ., 1977

25 Kato H, Schull Wi, and Neel [V A cohort-type study of survival
in the children of parents exposed to atamic bombings Am | Hum
Cenet 18 11 173, 1965,

26 Hoshino 1, Kao 4, Finch SC and Hrubet Z Leukerma in off-
sprng of atomie homb survivors 8lood 30 719-729 1967

27 Graham %, levin ML, Libenfeld AM, et al: Preconception, in-
trauterine, and postaatal wradiatbion as related to leukerma Nat/
Cancor Ind Monogr 19 147-371, 1'%b

28 Graham S, Levin M1 Lihenfeld AM. et al Methodological prob-
lems and desiga of the tnstate leukemea survey Ann NY Acad Sci

107 5%7 Sf) 190t

2V bunes Cravinte 1T bambeet 10 Daddsten ], et al COhtomuosomie
abetrations oy workers exposed 10 vinyl ¢ Rlonde (leiter) Lancet 13499,
u7%

W Ducaiman A theschorn Kooand Sebikott 1] Vinyl ¢hlongde oy
posotes and human Cheameosome abercations Mutat Res 31 163164,
1974

1 Purchase BHHL Rochardson (R and Anderson D Chromosomal
and donnnant lethal etfoy e of vy chlonde Lancet 281411 1974

12 Preoane O Hake RE Gay PC,oand Kidan D Vieyl Chionde
cytogenetics [ Ocoup Med 19527 50, 1977

U lbante U Wagoner th MoMichael A), ot al Genetie nishs ot
vinyl hlonde Lancet 1714715 1976

M infante PF Wagoner [K, McMichaol AL, et al. Genetie nsks of
vinyd chlomde Lancer 112801290, 1976

315 Daling iR and Fmanuel | induced abortion and subsequent out-
come of pregnancy i g seres of Amencan women N Engl | Med
297 12411245, 1977

6 Infante PH, Wagoner 1K, and Young R) Chlomoprene Otrerva-
tions of carcinogeness and mutageness, in Ongins of Human Cang oy
Hook A lncklence of Cancer m Humans, H 14 Hiatt, } 1) Waton,
and T A Winsten (Yds) Coldsprng Harbor Laboratory, 1977, pp
205-17

37 Tough IM and Court Brown WM Chromosome aberrations and
exposune to ambient benzene | ancet 1684, 1975

38 Form A, Paaifico E. and Lumonta A Chromosome studies in
workers exposed to benzene o toluene or both Arch Envion Healh
12:373-378, 1971

¥ fFom AM, Cappellm A, Packfico €, and Vigham IC
Chwomosome changes and thew evolution in subpects with past ex-
posure to benzene Arch Environ Health 23.385:39, 1971

40. Cohen EN. Bellville JW, and Brown BW- Anesthesia, pregnancy
and muscamage. A study of operating room nurses and anesthetsts
Apesthesiology 35 343-347 1971 .

41 Corbett TH, Comell RC, Endres JL, and Leding K Buth defects
among chidren of nurse-anesthetists  Anesthesiofogy 41 341-344,
1974

42 Rosenberg P and Kirves A Miscarnages among operating room
theatre statf Acta Anaesthesiol Scand (Suppl) 53 1742, 1973

43 Pharoah POD, Alberman E, and Dovle P Qutcome of prey-
nancy among women in anestheuc practice Lancet 134.36, 1977

44 Cohen EN, Brown BW, |1, Bruce DL, et al Occupational disease
armong operating room personnel A national study Anesthesiology
41 121-340). 1974

45 Kniil-jones KP, Newman B). and Spence AA. Anaesthetic prac-
tice and pregnancy Controlled survey of male anesthetists in the
United Kingdom Lancet 2 807-809, 1975

4 Faba | and Thuy TD Occupation of father at tme of birth of
children dying of malignaat diseases Br | Prev Soc Med 28 98-100),
1974

47 Hakuhnenen T, Salonen T. and Teppa L Cancer in the offspring
of fathers in hydrocarbonrelated occupanons 8r 1 Prev Soc Med
30 138140, 1976

4B Xhne |, Stein Z, Strobino B et al Survellance of spontaneous
abortions Power in environmental monitoring: Am | Epidderniol
106 345-350 1977

49 Strobwino BR. Khne ), and Sten Z Chemical and physical ex-
posures of parents Effects on human reproduction and offspring Ear-
ly Hum Develop 1371-399 1978

Journal of Occupational Medic.ne/vol 21, No. 9/ September 1979 613

uccC

061047

"




| V'ulation Research, 41 (1976) 131-142
= Eisevier/North-Holland Biomedical Press

j CARCINOGENIC, MUTAGENIC AND TERATOGENIC RISKS ASSOCIATED
: WITH VINYL CHLORIDE

1w son of Surcetllance, Hazard Evaluations and Field Studies, National Institute for
t)ecupational Safetv and Health, Main Post Office Building, Cincinnati, Ohio 45202 (US.A.)

: (Rrceived May 13th, 1976)

|
!
| PETERF.INFANTE, JOSEPH K. WAGONER and RICHARD J. WAXWEILER
|

summary

The data presented demonstrate clearly that vinyl chloride (VC) is related to
2 significant excess of mortality from cancer of the liver, lung and brain among
workers occupationally exposed to VC. The risk of dying from cancer of the
lvmohatic and hematopoietic system also appears to increase with an increase
in latency. These cancer sites could have been predicted by the animal bioassay

' conducted by Maltoni. With regard to the liver, even the histopathologic type
of cancer (angiosarcoma) was observed first in experimental animals. A study
of cancer mortality among populations residing proximate to VC polymeriza-
tion facilities also demonstrated an increased risk of dying from CNS and

| lvmphatic cancer. These latter findings raise cause for concern about out-plant

[ emissions of VC, but without further study these cancers obviously cannot be
interpreted as being related to out-plant exposure to VC.

! Various test systems now have elicited a positive mutagenic response to VC.

Thus, our observations of a significant excess of {etal mortality among the

wives of males, who were occupationally exposed to VC, raise public health
| concem that VC may be mutagenic in humas.

With regard to the teratogenicity of VC, observations of a significant excess
of children born with 'pxrth defects were reported among populations residing
proximate to VC polymerization facilities. Additional epidemiologic study is

f needed to determine whether a repeated pattern of excessive numbers of
children born with birth defects can be observed in other communities with VC

{ polymerization facilities.

Introduction

In 1930, the first adverse health effects of vinyl chloride (VC) were reported
122]. Since then, numerous investigators have reported the toxic effects of VC
f on the central nervous, system, the liver, the bones of the fingers and the lungs

i
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[2,5,9—12,18.20,28]. More recently, the study of VC toxicity has broadened
to assess the spectrum of carcinogenesis [2,15,16.21,26,29,30], mutagenesis
{1,3,4,6,13,14,23,24]. and teratogenesis [8]. These efforts were stimulated
by the work of Viola et al. {29] who, in 1971, reported the induction of
tumors of the skin, lungs and bones in rats exposed by inhalation to 30,000
ppm of VC over a period of twelve months. Widespread concem for the
carcinogenic activity of VC, however, did not occur until early 1974, when
Creech and Johnson [2] reported four deaths from angiosarcoma of the livey
among workers employed in the manufacture of polyvinyl chloride (PVC)
resins. It was later leamed that Maltoni had previously demonstrated \'C-in.
duced hepatic angiosarcomas, lung adenomas, brain neuroblastomas, lymphomas
and various other tumors in mice, rats and hamsters [15,16).

. With regard to mutagenicity, several investigators have induced mutations via
microbial test systems [1,14,24]. Also, VC metabolites have induced mutations
in mammalian cells- [6). In addition, reports from several countries have
demonstrated significant excesses of chromosomal aberrations among workers
exposed to VC as contrasted with those not exposed {3,4,13,23]. Because of

these observations and of the widespread exposure to VC among both workers -

and the general population, the National Institute for Occupational Safety and
Health (NIOSH) in the U.S.A. undertook an epidemiologic program to evaluate
the magnitude and spectrum of VC toxicity to humans. This program was
4-fold in nature and sought to evaluate: (1) The site-specific risk of cancer
among workers exposed to VC [30). (2) The risk of some cancers among
populations residing proximate to VC polymerization facilities [8]. (3) The site
specific risk of congenital anomalies among populations residing proximate to
VC polvmerization facilities [8]. (4) The risk of fetal wastage among the wives
of workers occupationally exposed to VC [7].

Cancer risk among workers exposed to VC

To assess the neoplastic risk of workers exposed to VC, a population con-
sisting of employes from four VC polymerizing facilitates was selected for
cohort mortality study [30]. Since occupationally induced cancers ofien
take many years to become manifest, the study cohort was restricted to
workers who had achieved five or more years of emplovment and for whom at
least 10 years had lapsed since initial employment. Thus, the exposure period
was five or more years and the latency period was 10 or more years. Follow-up
for study cohort members was greater than 99%.

Table I shows the total mortality experience among the study cohort. The
expected numbers are based on United States mortality data applied to
NIOSH’s modified life-table method. For all malignant neoplasms, there were
35 observed vs 23.5 expected, the SMR was 149. This excess was significant
the P < 0.05 level of confidence. For total mortality, 136 deaths were observed
vs 126.3 expected. Selecting a cohort with at least five years work experience
and 10 years latency eliminated the “healthy worker effect” [19] and so there
were more total deaths than expected and this was mostly at the expense of
cancer mortality.

Table IT shows cancer mortality experience by greater than 10 and 15 vens
latency periods. At the greater than 10 year latency period, only biliary and
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T4BLED
t WORTALITY EXPERIENCE AMONG COHORT WORKERS EXPOSED TO VINYL CHLORIDE

i ¢ a5 of death 1ICD code * Obaerved Expected SMR ®

| \.. = Abanant neoplasms (140=-205%) 3% 23.5 149 ¢
TEH (400—443) 57 54.7 104

i A r-mvalignant respiratary diseaves (470—527) 6 3.4 176

' e us (581 2 4.0 50

. VL. et causes 36 40.7 1]

! - 12 International Clagsifieation of Diseases. 7th rovision,
b3 3, standardized mortality ratio.
{ r senificant at I’ < 0,08,

liver cancer deaths were significantly in excess; however, when the sub-cohort
with 15 years of latency since initial employment was used, deaths from three
ciul-gories of cancer were significantly in excess. The excess in mortality from
«ancer of the lymphatic and hematopoietic systems was not significant;
puvever, the SMR increased from 159 to 176 with an increase in latency.
Taese comparisons show the importance of latency when looking for
occunationally-induced cancers.

TAPLED

CiNCFER MORTALITY BY INTERVAL SINCE INITIAL EXPOSURE AMONG WORKERS EXPOSED
Ty MNYL CHLORIDE

»i= ¢ { malignancy 10+ years 15+ yeans

A = ulignant neoplasms Obs. * 35 31
Exp. ® 2385 16.9
SMR ¢ 149 ¢ < ¢ *

Brai= and CNY cancer Qbs. 3 3
. Exp. 0.9 0.8
SMR 3z < 498 ¢

tep FalQry SYSLEM cancer Obs. 12 11
. Exp. 1.7 8.7
: SMR 156 < 194 ¢

Biliarv and Uver cancer Obs. 7 1
: Exp. 0.8 0.4
SMR 1156 * < 1608 *©

Lirishatic and hematopeistic system cancer Qbs. L] 3

M tner malignant ncoplasms Obs, ] k4

L ubserved.
i expected.
'R, standardized mortality ratio
" “oemificant st/ < 0.08.

“vinifiecant at ? < 0.01.
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In laboratory studies, Maltoni has induced hepatic angiosarcomas, ly
adenomszs. brain neuroblastomas and lymphomas [16). Therefore, the
predictive value of animal bioassay studies can be demonstrated, not only by

- the observation of a significant excess of angiosarcoma of the liver among v¢

workers. but also by significant excesses of lung and brain tumors.
Cancer risks in populations residing near VC polymerization facilities

The risk of some cancers among adult populations residing in the only three
Ohio communities with VC polymerization facilities was assessed [8]. All three
commurities had at least one facility in operation by 1954 and Painesville had
a second plant in operation by 1967. The community population sizes varied
from 12.000—24,000. Between 1960—70 the population had remained stable
in Painesville and Ashtabula, but had increased by 30% in Avon Lake. As
reported previously, for the three communities taken as a whole, there were no
apparent differences in racial origin or family income as compared to the aver.
age for the State {8).

As a result of previous findings [26], cancers of the central nervous system,
lymphatic and hematopoietic systems, were selected for study. Because of
possible error in death certificate data in terms of metastases from other
primary sites. data for lung and liver cancers were not analyzed.

Table ITI shows data for observed versus expected CNS cancer deaths in the
white population by sex for the period 1958~73. North Ridgeville is the only
commurity shown which does not have a PVC polymerization facility. It was
included in the analyses of the cancer data because it is located contiguous two
Avon Lake and because it had a high incidence of children born with birth
defects [8]. If North Ridgeville had not been included in the analyses of
cancer mortality, little difference in the results would have been observed.
Expected values are based on the occurrence in the balance of the counties
over the same period of time. As shown in Table 11, there was a significant
excess of CNS cancer deaths in males. The excess was greatest in Painesville
and North Ridgeville. With all communities combined, there were 27 CNS
cancer deaths observed in males versus 14.1 expected; the SMR was 191.
The difference was significant at P < 0.01.

In females, with all groups combined, there was only a slight excess. With
sex groups combined, the excess was significant at P < 0.01. It may be note-
worthy that one father-daughter combination for CNS tumor deaths occurred
in Painesville. The daughter died of a papillary ependymoma in 1963 at the age
of 16. The father died two years later of a glioblastoma multiforme at the age
of 58. It would be difficult to determine whether this observation is the result
of genetic or environmental factors.

Table [II also shows deaths from lymphomas. Although the differences
between observed and expected deaths in males were not significant, there was
a consistent excess in each community. In females, there were excess
lymphoma deaths in two of the four communities. With sex groups combined.
a significant excess of lymphoma deaths was observed in Ashtabula. With sex
groups and communities combined, the number of observed deaths was 61
versus 48.7 expected. The SMR was 125. This was significant at
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OBSERVED AND ENPECTED DEATHS FOR THREE TYPES OF CANCER FOR RESIDENTS 45 ¢
JVEVTS AND OLDER IN THE QHIO COMMUNITIES WITH VINYL CHLORI!DE POLYMERIZATION
FAC.LITIES, 1938—73

ap

. -.e6 numbers of cancer deaths based on occurrence ovar the same period of ume in the balanece of
-, ¢ anties in which the coramuruties are located.

U

Males Females Sexes combined
Obs_‘Exp. 5MR Obs./Exp. SMR Qos./Exp. SMR
CNS cancer (191=192)2
e ooule T 61 113 6/ 3.8 138 13/ 9.9 131
b sde 12 38 1164 2/ 2.8 7 14/ 6.6 212®
e Lake 2. 2.3 : 17 1.8 56 37 4.1 73
B azeul’ 6 19 2P 1.8 133 8/ 3.4 238 %
YT TuAves 27 14.1 191°¢ 117 9.9 111 38/24.0 158 °
¢ anvd
Leukemia anc aleukemia (204~207)2
RN 13 147 88 11/ 8.8 128 24/23.3 102
are . de 8 71 113 71 6.8 103 15/13.9 108
oot Loke 1 36 18 5/ 2.2 227 6/ 5.8 103
. T 32 %} o/ 1.9 (] 2/ 3.1 ]
21 26 6 84 2319.% 118 47/48.1 98
Ly mphoraas (200~203)*
\ ta 18 12.8 143 14/ 5.8 201 € 32/18.4 174 ¢
Pa < e 12 10.4 115 4 83 48 16/18.7 6
ke 1 33 1m 5/ 2.9 172 9/ 6.2 145
T e 1 28 107 17 2.6 as 4/ 5.4 14
T 37,291 124 24/19.6 122 61/48.7 125

TG

= i7 sr=ajonal Classification of Discases, 8th revision codes.
K -

. 01.
Y1 oz

0.03 < P< 0.10. Data were then analyzed for leukemia and aleukemia mortali-
V. As shown in Table [I1, the observed versus expected mortality was virtually
identical.

Birth defects among populations residing near VC polymerization facilities

Tre occurrence of birth defects was studied [8) for the same three Ohio
crumunities with VC polymerization facilities. Birth data for residents of
\* 1 Ridgeville were not combined with data for the three index communities
It ine ininal analvses (Table I1V) because the high incidence of birth defects in
.\-‘r:n Ridgeville. which lies contiguous to Avon Lake, was identified in
‘Lnsequent analyses [8]. Data for North Ridgeville, however, were included in
s.bsequent analyses (Table V) for specific birth malformations. The observa-
tiung among community residents were compared to both the occurrence in

.
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TABLE IV

RESIDENT BIRTHS, MALFORMATION RATE FPER 1000 LIVE BIRTHS N OHIO AMD IN THREY
SELECTED COMMUNITIES AND OBSERVED VERSUS EXPECTED NUMBERS OF MALFORM,
TIONS IN EACH CITY, YEARS COMBINED, 1970--73

Malformations are based on codes T40=-759 af the Internationa} Clamification of Diseasrs., 8th Feviniog, -

1968,

Malformations

Rau/103 Number

observed

Entire state of Ohio 719, 287 101 7295
Ashubula eity 1900 17.4 a3
Paineaville eity 1381 18.1 25
Avon Lake oty 738 202 15
All three cummunities combined 4019 18.2 73

2 Pypected numbers are based on suate rate per 1000 live barths.
b p <o.01.
€ P <0.00L

the balance of the counties in which the communities are located and to the
occurrence in the State for the period 1970—73. Between 1970—73, the rate
for birth defects changed from 9.3 to 11.3 per 1000 live births for the balance
of the counties, from 9.6 to 10.8 for the entire state, whereas, the rate for the
three index cities combined changed from 17.0 to 22.5. Thus, the incidence of
birth defects for children born in the index cities was almost twice as great as
the incidence in the balance of the counties or in the entire State, and the
differences appear to be increasing with time.

Table IV shows data for malformation rates in each index commumity versus
the rate for the entire State. These differences were all highly significant. The
rates ranged from 17.47 in Ashtabula to 20.33 in Avon Lake, as compared to
10.14 for the entire State. When the community experience was compared
to the occurrence in the balance of the counties in which the communities were

TABLE v

OBSERVED, EXPECTED AND RELATIVE RISK FOR SPECIFIC CONGENITAL A.IOMALIES -]
INDEX AREAS INCLUDING N, RIDGEVILLE, 1970—~73 2

Defect category Number of defects RR P

Observed

All dafects (T40—758, 758, 7159y €
Central nervous tystam (740—749)
Cleft palate and lip (749)

Genita) organs (752)

Clubfoot (754)

All other defects

* Excludes skin, hair and nails (757).
R R, reiative nsk (observed jexpected).
€ Internationa) Classification of Disease codes, Stb revision. are shown in parentheses,
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1ocuted, the differences remained significant. Therefore, whether you compare
‘he occurrence in the communities to the expected, based on the average for
e State, or for the balance of the counties, the excess of children with
congenital anomalies in the communities appears to be significant.

Table V shows observed versus expected numbers and the relative risk for
rota! and selected malformations. Although an increase in most organ systems
«as observed, the greatest excess of severe defects included malformations of
ne ONS, cleft lip and palate, club foot and genital organs. These observations
have been reported previously in more detail [8].

Fetal mortaliéy among wives of workers exposed to VC

Since VC had elicited a positive mutagenic response via microbial test
astems [1,6,14,24] and also had been associated with significant excesses of
“hremosomal aberrations in the lymphocytes of workers occupationally
exposed to VC [3,4,13,23], concern was expressed that VC may induce
werminal mutations. Thus, a questionnaire-interview survey was conducted to
sscvrtain the incidence of fetal loss (defined as any product of conception not
~orn alive) among wives of workers exposed to VC [7a). All current VC
solvmerization and polyvinyl chloride (PVC) fabrication workers were
.aciuded for study together with a similar number of current rubber workers
«hotvd from work areas relatively free from known toxic materials and
matched as a group to the VC workers by age. No interviews were conducted
witn workers' wives and no data were obtained concerning maternal age, except
nd.rectly through paternal age. Group participation rates ranged from 62—77
sercent, Data for the wives of VC polymerization workers (study group) were
contrasted with data for the wives of PVC fabrication and rubber workers
i"vontrols”), who were known to have had very low or no VC exposure,
respectively, )

The data in Table V! show the paternal age distribution for fetal deaths
according to the husband’s exposure. Prior to husband’s exposure, the crude
‘vzl death rates for the control and study group were 6.9 and 10.1%,
respectively. Subsequent to husband's exposure, the crude rates were 8.8 and
16.5%, respectively.

As can be seen in Table VI, the excess in fetal mortality subsequent to
husband’s exposure, was associated with younger-aged husbands. For husbands
30 vears of age and older, the rates for the control group 17/142 (12.0%) and
ptimary VC exposure group 9/69 (13%) were about the same; whereas, for
hushands less than 30 years of age, the rates for the control group 7/131
13.3%) and primary VC exposure group 14/70 (20.0%) were significantly
diflerent, P < 0,001, x* = 10.52, with one degree of freedom (df). The excess
ol ‘etal mortality among wives of younger-aged husbands may be a reflection
of 4 practice of placing newly hired personnel because of little or no senjority,
'n jobs where occupational exposures to VC may have been worse. This hypo-
‘Nesis, however, needs further assessment in other working populations. Since
Parental age was positively correlated with fetal mortality in this population
and 1n a previous study [25], fetal mortality rates for the study group were
adusted to the age-distribution of the control group.
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TABLE V1

- .. data in Tat

PATERNAL AGE DISTRIBUTION FOR FETAL DEATHS ACCORDING TO HUSBAND'S VC EXPg . of male work
SURE «ures. the rate
————— t EY ¢
Paternal «ge group (vears) “Controls" Primary VC Exposure ' et m‘ely. Subse
) T remaonm o : o ~ -~ for the contr
Tegnancies elal deaths egnancies wtal deathy . . ‘mniﬁcant at
™) (N) &) ) Ny gy T, W= 4.84,dt
. R sed changes i
10 * su .
oy ushand's exposurs . ‘ :m.nge &om ¢
<20 21 2 6.5 7 0 0o : Emsband's a
20—-24 80 4 3.0 44 2 1% ) Y 025 245"
2529 3s 4 10.3 56 1 12y - 0.025, xX° = 2.
3034 § 1 16.7 217 5 143 * o eXposure a
- -
235 A 0 0.0 14 1 ER « . 15, after exp
All ages crude rate 139 11 6.9 148 15 101 . od . .
Mean paternal age at 23.0 26.4 o ooier UC'thﬂ U
conceplion (year) . -, rence in the
Age-adjusted * rate 16.9) 1 ' vy in Table \Y)
-
Subsequent 10 busband's exposure T droup was 2
. E
>20 1 ° 0.0 0 0 00 . . whereas, su
2024 43 4 9.3 22 ] 124 -~ Were virtu
25--28 87 3 34 48 11 228 . . vt mean age
3034 87 v 8.0 as 3 g1 '
" et e w
235 55 10 16.2 33 6 182 ‘ o ?’“‘!'?
All ages crude rate 273 24 8.8 139 23 165 . .1 have weight
Mean paternal age a1 304 302 .+ VC expos
Tgn“:ucs':e(:‘:‘:)( (8.8) {10k z o1 four or
e adju ate . XY
wealeulated
3 Fetal morality rates for primary VC exposure group are cirect age-adjusied to the paterns) age-distribw . .v rate couk
uon of the pregnancies in the control group (shown 1n parentheses). : - ored for eac
‘
TABLE VI 4 (13}
MEAN PATERNAL, NUMBER OF PREGNANCIES AND AGE-ADJUSTED FETAL DEATH RATES t L OF PREGNA
ACCORDING TO HUSBAND'S VC EXPOSURE ‘ ~ V€ EXPOSUF
. . b
— “Controls Primary VG exposure t - - the primarv V(
Prior to hushand'’s expogure
Number of families 9% 70
Mean paternal age at conceptlion (years) 230 26.4
R Number of fetal deaths among wives 11 15
Number of pregnancies 159 148
Age-adjusved feta) deaths/100 preg. © 6.9 6.1 -
) Subsequent to husband's exposure
Number of families 113 62 Lasbund's expos
Mean paternal age at conception (vears) 0.4 30.2 -wend's exposu
Number of {¢1al deaths among wives 24 23
Number of pregnancies 73 139
i Age-adjusied {atal deatha/100 preg, € 8.8 158¢ ¢

- sand's expon

* Rubiber and P\'C fabrication workers. +nd’s exposur
VC polymerization workers,

€ Rates age-adjusted to “control” group patemal age distnbution.

4 Subscquent 1o husbandsy’ exposure, the frequeney of fotal deaths among wives was ngmaficantiv greater ~+band's expon
in the primary VC exposure group as compared to the “controls” (P < 0.05) or to the {requency n the *oand’y exposur
study zroup pnor to husband's exposure (P < 0.02) bv aac-adjusted Chissquare Lesting. ———




The data in Table VIl show fetal death rates per 100 pregnancies for the
wies of male workers in the control and study groups. Prior to their husband’s
esposures, the rates were 6.9% and 6.1% for the control and study groups,
respectively. Subsequent to husband’s exposure, however, the rates were
5.8% for the control group versus 15.8% for the study group. This difference

+  was significant at the P < 0.05 level by Mantel-Haenszel Chi-square testing
[17] (X’= 4.84,df = 1). Further, the before and after exposure comparisons
ndicated changes in rates from 6.9 to 8.8% for the control group as compared
v a change from 6.1 to 15.8% for the study group. The rates for before and
sizer husband’s exposure in the study group were significantly different
< 0025, x*=5.78,df = 1). For the study group. it may be noted that
before exposure age-adjustment reduced the crude rate from 10.1 to 6.1%;
whereas, after exposure the crude rate was reduced from 16.5 to 15.8%. The
greater reduction in rates for the before exposure age-adjustment resulted from
a cifference in the age distribution of the husbands in the two groups. As can
' be seen in Table VII, prior to husband’s exposure, the mean paternal age in the
study group was 26,4 years as compared to only 23.0 years for the control
groun, whereas, subsequent to husband’s exposure. the mean ages of the two
araups were virtually the same, i.e., 30.4 years versus 30.2 years. In both
stuations mean age was a good measure of central tendency. ’

To determine whether women who had chronically experienced abortions
..2nt have weighted the results in favor of a higher fetal mortality rate in the
. ary VC exposure group, data for the pregnancies of women who had two,
'ree or four or more spontaneous abortions were eliminated. The data were
L.en recalculated to determine whether or not the trend of a greater mis-
w.rriage rate could be maintained. As shown in Table VIII, the trend was
maintained for each analysis.

FWBLE VIIT

M NBER OF PREGNANCIES AND AGE-ADJUSTED FETAL DEATH RATES ACCORDING TO HUS-
\ B\AD'S VC EXPOSURE EXCLUDING PREGNANCIES IN WOMEN WITH 23, 3 OR 4 FETAL
DiLATHS

t Ratvs for the primary VC exposure group are age-adjusiad to the Control group

Controls Prnimary VC exposure

Number of Fetal Number of Fetal
pregnancies death pregnancies death
rale rate

22 Fetal deaths exciuded

© e v—— —

Bufure husband's exposure 155 5.8% 126 1.7%

After Hushand's expoture 258% 4.7% 111 6.2%
23 Fetal desths excluded

E.ivire husband's exposure 15%9 6.9% 141 I1%

V- Musband's expasure 265 €.4% 120 10.8%
24 Fetal deaths excluded

[ B4 v husbund’s exposure 159 6.9% 142 5.8%

\tter hushand's exposure 265 6.3% 127 11.8%

——
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As reported previously [ 7a], additional analyses suggested that the significan,

excess in fetal mortality after the husband’s exposure would not seem to be the
resul: of bias from interviewers nor from respondents. Because of the highly
volatile nature of vinyl chloride (271}, carry-home exposure to the wife woylg
seem unlikely. Therefore, the leading possibility for the mechanism involved
would seem to be germ-cell damage in the male through direct VC exposure,
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The Effects of Maternally Inhaled Vinyl Chloride on Embryonal
and Fetal Development in Mice, Rats, and Rabbits'-?

1. A. Joun, F. A. Smith, B, K. ). LEoNG,® AND B. A. Schwerz

Toxicology Research Laborarory, Health and Environmental Research, Dow Chemical U.S. A.
Midiond, Michigan 48640 -
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The Effects of Maternally Inhaled Vinyl Chioride on Embryonal and
Fetal Development in Mice, Rats, and Rabbits. Joun, J. A., Smmy, F. A,
Leong, B. K. 1., AND Scuwerz, B. A. (1977). Texicol. Appl, Pharmacol. 39,
497-513. These studies evaluated the eflfects of inhaled vinyl chloride on
mouse, rat, and rabbit embryonal and fetal development. Groups of preg-
nant CF-1 mice, Sprague-Dawley rats and New Zealand white rabbits were
exposed to 500 ppm of vinyl chloride 7 hr daily during the period of major
organogenesis. Subsequently, other groups of mice were similarly exposed
to 50 ppm of vinyl chioride and rats and rabbits were exposed to 2500 ppm
of vinyl chloride. While maternal toxicity was observed, vinyl chloride
alone did not cause significant embryonal or fetal toxicity and was not
teratogenic in any of the species at the concentrations tested. Maternal
toxicity was more prominent among mice than among rats and rabbits,
Simuitaneous exposure of some of the pregnant animals to vinyl chloride
by inhalation plus 15% ethanol in the drinking water resulted in toxic effects
greater than those associated with exposure to vinyl chloride alone in the
three species. The maternal toxicity was enhanced to an extent greater than
the embryotoxicity.

Vinyl chloride is widely used in the preparation of polyvinyl chioride resin, as a co-
polymer in plastics, and, to a lesser extent, as a solvent and as a chemical intermediate.
A report of the effect of single exposures of mice, rats, and guinea pigs to vinyl chloride
by Mastromatteo et al. (1960) indicates that this compound has very low acute toxicity.
Anesthesia is the primary significant effect of acute exposure to high concentrations
(75,000-100,000 ppm). The effect of repeated exposure of laboratdry animals to vinyl
chloride has been reported by Torkelson er al. (1961). Repeated exposure for 6 months
to 200 ppm resulted in histologic changes in the centrilobular area of the livers of
rabbits, but not in rats, guinea pigs, or dogs. In a study reported by Viola et af. (1971),
rats were exposed to 30,000 ppm of vinyl chloride vapor for 12 months. Findings on

! The majority of this study was supported by the cotnpanies sponsoring research on vinyl chloride
and was adminisiered by The Manufacturing Chemists Association.

2 This work was reported, in part, at the 14th Annual Meeting of the Society of Toxicology, March 10,
1975, Williamsburg, Vicginia.

? Present address: International Research and Development Corporation, Mattawan, Michigan,
Copyright © 1977 by Atademic Preas, Inc, 497
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these rats were reported to include severe chronic hepatitis, interstitial pneumonia, as
well as tumors of the skin, fungs, nnd bones. Maltoni and Lefemine (1974) reported the
oncogenic cffects of repented exposure to inhaled vinyl chloride in rats and mice,
Angionircomas, zymbal gland carcinomas, and nephroblastomas developed in rats
exposed 1o concentrtions of vinyl chloride ranging from 50 -10,006 ppm, 4 hr/day,
5 days/week for 12 months and subscquently maintained and observed until death,
Puimonary adenomas, mammary carcinomas, and liver angiosarcomas were observed
among mice exposed to the same range of comcentrations for 7 months. Similarly,
Keplingerer al. (1975) reported neoplasms in mice and the tentative diagnosis of tumors
in hamsters and rats exposed to 50, 200, or 2500 ppm of viny} chioride.

‘The carcinogenic potential of inhaled vinyl chloride has also been studied by exposing
animals in utero (Maltoni, 1975), but observations to determine effects which are more
in line with a classical teratologic studyivere nof made. Reports on the embryotoxic
potential of vinyl chloride in laboratory animals have not been found in the literature,
Thus, the purpose of the studies described in this report was to assess the potential of
inhaled vinyl chloride to have a deleterious cffect on embryonal and fetal development
in mice, rats, and rabbits.

Since previous studics in this laboratory suggested that the primary metabolic
pathway for vinyl chloride is blocked by ethanol (Hefner et al., 1975), it was considered
possible that administration of ethanol in the drinking water of animals exposed to
vinyl chloride might alter its metabolism in a manner which would enhance its toxic or
teratogenic potential. To assess this possibility, some of the vinyl chloride-exposed
animals were given 15%; cthanol in their drinking water during the days of exposure to
vinyl chloride. The teratogenic potential of 15, ethanol in the drinking water in mice,
rats, and rabbits was previously studied in this laboratory and is summarized in Table 11
of this report (unpublished data, The Dow Chemical Co.).

METHODS

Animais and test material. Female CF-1 mice* weighing 25 to 30 g, Sprague-Dawley
rats® weighing approximately 250 g, and New Zealand white rabbits® weighing 3.5 to
4.5 kg were used in this study. The day on which a vaginal plug was observed or the day
on which sperm were scen in a vaginal smear was considered to be Day 0 of pregnancy for
mice and rats, respectively. The day of mating was considered to be Day 0 for rabbits.
Between daily exposures, animals were housed in wire-bottom cages in a room con-
trolled for temperature, humidity, and light cycle, Commercial laboratory animal
food” and water were available. Food consumption was measured at 3-day intervals
for mice and rats and at 2-day intervals for rabbits.®

Exposure of bred animals was conducted in stainless steel chambers of 3,7 m? volume
under dynamic airflow conditions. The atmosphere of vinyl chloride was generated by

4 Mice were obtained from Carworth, Portage, Michigan.

3 Rats were obtained from Spartan Research Animals, Inc., Haslett, Michigan.

¢ Rabbits were obtained from Langshaws Rabbitry, Augusta, Michigan.

7 Ralston Putina Co,, 5t. Louis, Missouri.

* Ethanol consumption was measured during a scparate study in which animals were given only
15% ethanol in the drinking water; these results will be reported separately (unpublished data, The
Dow Chemical Company).
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diluting gascous vinyl chioride with filtered room air at a rate calculated to give the
desired concentration, Sampies of inhibited vinyl chloride monomer (chlorocthylene)®
were used for the exposures, The actual concentration was measured with an infrared
spectrophotometer (Perkin-Elmer [2A or Miran 1) with a muitipath gas ceil.
Experimental design. In the initial experiment, groups of 30-40 bred mice, 20-35
bred rats, and 15-20 bred rabbits were exposed to 500 ppm of vinyl chloride for 7 hr
daily on Days 6-15 (mice and rats) or 6-18 (rabbits) of gestation. Subsequently,
additional groups of mice were exposed to 50 ppm of vinyl chloride. Additional groups
of rats and rabbits were exposed to 2500 ppm of vinyl chloride. As summarized in

_ TABLE | - .
TERATOLOGIC STUDIES WITH VINY.I..‘UCHI..DIDII'

Vinyl chloride (ppm)  Ethanol (50

Mice

Rats

Rabbits

o 888 288 2033

Mice, rats, and rabbits

* Mice and rats were exposed to vinyl chioride or filtered room air by
inhalation 7 hr daily on Days 6-15 of gestation. Some of the mice and rats
were given ethanol in their drinking water (15%, v/v) on Days 6-15 of
gestation, Rabbits were exposed to vinyl chloride on Days 6-18 of gestation.
Some of the rabbits were given ethanol in their drinking water on Days 6-18
of gestation. )

Table I, some of the animals which were exposed to vinyl chloride were also given 15%
ethanol in their drinking water on Days 6-15 (mice and rats) or Days 6-18 (rabbits) of
gestation.

Maternal and fetal observations. All animals were observed daily throughout preg-
nancy and maternal body weights were recorded on gestation Days 6, 12, 15, and 18 for
mice and on Days 6, 10, 16, and 21 for rats. Maternal body weights for rabbits were
recorded on Days 6, 12, 18, 22, and 29 of gestation. Pregnant mice and rats were
sacrificed by carbon dioxide inhalation on Days |8 and 21 of gestation, respectively.
Pregnant rabbits were sacrificed on Day 29 of gestation. The uterine horns were ex-
weriorized through 4 midline incision in the abdominal wall and the number and position
of live, dead, and resorbed fetuses were noted. After being weighed, measured (crown--
rump length), and sexed (mice and rats), the fetuses were examined for external ano-

* Vinyl chloride was obtained from Matheson Gas Products, Joliet, ilinois.
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malics. One-third of each litter was immediately examined for evidence of soft tissue
anomalies by dissection under a low-power microscope. Rabbit fetuses were sexed on
the basis of examination of internal genitalia. All fetuses were then eviscerated, pre-
served in alcohol, and subsequently cleared and stained with alizarin red-S (Dawson,
1926) for examination of skcletal anomalies.

Statistical evaluation. The Fisher exact probability test (Sicgel, 1956) was used to
evaluate the incidence of resorptions among litters. Maternal and fetal body weights and
body measurements and maternal liver weights were analyzed statistically by an apalysis
of variance and the Dunnett test (Steel and Torrie, 1960). The incidence of fetal ano-
malics was analyzed by the Wilcoxon test as modified by Haseman aad Hoel (1974).

Controls. The group of animals which was exposed only to vinyl chloride served as
the control for those animals which were exposed to vinyl chloride in combination with
15% ethanol in the drinking water. The controls for animals exposed to vinyl chloride
alone were exposed concurrently to filtered room air.

RESULTS

Maternal toxicity. Among mice exposed to 500 ppm of vinyl chloride by inhalation,
there was a decrease in maternal weight gain and food consumption during gestation
and in the absolute liver weight at the time of cesarean section compared to control
values (Table 2). These effects were not observed among mice exposed to 50 ppm of
vinyl chloride. Mice exposed to a combination of 500 ppm of vinyl chioride by in-
halation and 15 % ethanol in their drinking water also showed a decrease in weight gain
during gestation and in liver weight (absolute and relative) on Day 18 of gestation.
Ethanol in combination with 50 ppm of vinyl chloride also resuited in a decrease in
maternal weight gain during gestation and a decrease in the absolute liver weight on
Day 18 of gestation. Food consumption throughout gestation was decreased for mice
exposed to both concentrations of vinyl chloride in combination with ethanol.

Except for an apparent decrease in maternal weight gain in rats (Table 3) and a de-
crease in food consumption for rabbits (Table 4), no signs of toxicity were observed in
the adult rats or rabbits during exposure to 500 ppm of vinyl chloride. The apparent
decrease in maternal weight gain among rats exposed to 500 ppm is most likely due to
the lower body weight of the control animals on Day 6 and, subsequently, a higher weight
gain of these animals during the later days of gestation. Among rats exposed to 2500
ppm, both the absolute and relative liver weights were significantly increased on Day 21
of gestation, but maternal weight gain was no different from that of rats exposed to
filtered room air. Maternal food consumption was, however, lower than among control
rats in this group. The relative liver weight on Day 21 of gestation was significantly
increased among rats exposed te 2500 ppm of vinyl chloride and 15% ethanol. Maternal
weight gain for this group of rats was significantly decreased during gestation, Food
consumption during the exposure period was further decreased among these rats which
were exposed to vinyl chioride in combinatipn with ethanol in the drinking water.

No effect on maternal weight gain, liver weight, or food consumption was observed
among rabbits exposed to 2500 ppm of vinyl chloride by inhalation. A decrease in
maternal weight gain was observed among:rabbits during exposure to 2500 ppm of
vinyl chlotide in combination with 159 ethanol (Days 6-18 of gestation), but total




* Grams, mean * SD.

 Milligrams of liver per gram of body weight.

* Significantly different from vinyl chloride alone by an analysis of variance, p < 0.05.
* Significantly different from control by an analysis of variance, p < 0.05.

* Mice were exposed to vinyl chloride or filiered room air by inhalation 7 br daily on Days 6-15 of gestation, Some of the mice were given ethanol in their
drinking water (15%, v/v) on Days 6-13 of gestation.

*Top row, vinyl chloride in drinking water (ppm); bottom row, percentage cthanol in drinking water.
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TABLE 2 )
MATERNAL WEIGHT GAIN, LivER WEIGHTS, AND FooD CONSUMPTION OF MICE EXPOSED TO VINYL CHLORIDE BY INHALATION?
Low concentration® High concentration® Z_'
>
0 50 50 0 500 500 z
0 0 15 0 0 15 <
z
Number of dams 21 20 16 26 19 7 =
Body weight on gestation Day 6° W2 31x2 32 . 2942 2943 30t 3 =
Weight gain during gestation Days 6-18° 1644 17z 6 LR 20+ 17+ 4 10+ 7 =
Liver weight on gestation Day 18° 2
-~ Absolute 2151026 2.76 £ 0.40 2371052 2151031 249 +0.29° 1.78 + 0.36* =
Relative” _ —— 595+ 8.7 578145 566173 $55+t55 544142 458 £ 5.14 p
Food consumption during gestation © g
Days 6-15¢ 61 61 412 611 51 3+ =<
3
=
=
5
-




TABLE 3}
MATERNAL WEIGHT GAIN, LIVER WEIGHTS, AND FooD CONSUMPTION OF RATS EXPOSED TO VINYL CHLORIDE BY INHALATION?

Low concentration® High concentration®

0 500 0 2500 2500
0 o 0 : 0 15

Number of dams 28 31 19 16 16
Body weight on gestation Day 6° 258+ 26 21T 200 288 + 27 2119 12+ 14
Weight gain during gestation Days §-21° 148 + 11 125+ 19¢ 127+ 15 138 +£23 12015
-Liver weight on gestation Day 21°¢

Absolute 1481 £ 1.79 1500 + 1.14 1427 + 1.38 15.55 + 1.23 16.52 + 1.50

Relative” . 365141 371.1+£26 344113 kYR R X 42,1124
Food consumption during gestation .

Days 6-15¢ 2112 242 22 21£2¢ 132

* Rats were exposed to vinyl chloride or filtered room aic by inhalation 7 hr daily on Days 6-15 of gestation. Some of the rats were given ethanol in their
drinking water (15%;, v/v)-on Days 6-15 of gestation.
* Top row, vinyl chloride in air (ppm); bottom row, percentage ethanol in drinking water.

© Grams, mean + SD.
¢ Significantly different from control by an analysis of variance, p < 0.05.
* Significantly different from vinyl chloride alone by an analysis of variance, p < 0.05.

£ Mitligrams of liver per gram of body weight.




TABLE 4
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MATERNAL WEIGHT GAN, LivER WEIGHTS, AND FooD CONSUMPTION OF Ra8BiTS EXPOSED T0 VINYL CHLORIDE 8Y INHALATION?

Low concentration* High concentration®
0 500 0 2500 2500
0 0 0 1] 15
Number of dams 18 20 11 s 16
Body weight on gestation Day 6° 38502 3824025 408 1 0.2 4,39 1 0.304 4.02 + 0.47
Weight gain duriag gestation Days 6-29° 005+0.19 0.01 +0.19 0.06 £ 0.27 0.01 £0.i3 —0.14 + 0.42
Liver weight on gestation Day 29¢
Absolute 96119 894+ 14 02416 122425 116 £ 30
—.— Relative® 246116 3.2+28 U727 c217£59 300+63
Food consumption during gestation - )
Days 6-18 {g) 98130 76+ 29° 91136 89 £ 26 1529

“ Rabbits were exposed 10 vinyl chloride or filtered room alr by inhalation 7 hr daily on Days 6-18 of gestation. Some of the rabbits were given ethanol in

their drinking water (15 %, v{v) on Days 6-18 of gestation.

* Top row, viny! chicride in aiy (ppm); botlom row, percentage ethanol in drinking water.

" ¢ Kilograms, mean + SD.

4 Significantly different from control by an analysis of variance, p < 0.05.

* Grams of liver per kilogram of body weight.

4 Significantly different from vinyl chlotide alone by an analysis of variance, g < 0.05.
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weight gain was not different from that among rabbits exposed to 2500 ppm of vinyl
, chioride alone (Table 4). Food consumption was significantly decreased among the
, rabbits exposed to 2500 ppm plus ethanol. f
’ Observations made at the time of cesarean section. Observations made at the time of
cesarean section of mice, rats, and rabbits are presented in Tables 5-7. Maternal deaths
- were observed among mice exposed to 500 ppm of vinyl chloride alone and in com-
bination with ethanol (Table 5). There was an increase in the incidence of resorptions
and the fetal body weights were lower than in controls for the 500-ppm vinyl chioride
group. Litter size was also reduced. These effects were augmented among mice exposed
to 500 ppm of vinyl chloride in combination with 15%, ethanol. Two litters in this group
were totally resorbed. In addition, the number of implantation sites per dam, fetal
crown—rump length, and percentage pregnancy were significantly lower in the ethanol
group as compared to mice receiving 500 ppm of vinyl chloride alone. Among mice
exposed to 50 ppm, the fetal crown—rump length was significantly greater than among
controls; a decrease, however, in fetal body weight and crown-rump length was
observed in the 50-ppm vinyl chloride plus ethanol group. The incidence of resorptions
was not significantly greater among mice treated with 50 ppm of vinyl chloride in
combination with cthanol, although two litters were totally resorbed,
One maternal death was observed among rats exposed to 2500 ppm of vinyl chloride
by inhalation (Table 6). There was no significant effect on litter size, the number of

[]
implantation sites per dam, or the incidence of resorptions among any of the exposed {

groups of rats. The pregnancy wastage was significantly lower among rats exposed to
500 ppm than among the control rats. Percentage pregnacy was unaffected among rats
exposed to vinyl chloride alone or in combination with 15%/ ethanol in the drinking
water, Fetal body weight and crown-rump length were significantly reduced among
rats exposed to 2500 ppm of vinyl chloride in combination with ethanol. A significant
reduction in fetal body weight was also observed among rats exposed to 500 ppm of
' vinyl chloride alone, but not among those exposed to 2500 ppm. Significant decreases in
the number of corpora lutea per dam were observed among rats exposed to 500 ppm of
vinyl chloride alone and among those exposed to 2500 ppm in combination with 15%
ethanol. A significant increase, however, in the number of corpora lutea per dam was
observed among rats exposed only to 2500 ppm of vinyl chloride. Since the number of
corpora lutea is established prior to Day 6 of gestation, these differences are not con-
sidered to be a treatment-related effect, but rather a measure of the reproductive status
of the animals prior to the beginning of the experiment. -

Among rabbits, a significant increase in the incidence of resorptions was observed in
the high concentration (2500 ppm) plus ethanol group, in which seven litters were totally
resorbed (Table 7). Exposure of rabbits to either 500 or 2500 ppm of vinyl chloride alone
did not alter the incidence of resorptions. A decrease in the number of live fetuses per
litter was observed among rabbits exposed to 500 ppm of vinyl chloride alone, but not
among those exposed to 2500 ppm of vinyl chloride alone or in combination with 15%
cthanol in the drinking water. Since the decrease in litter size was associated with a
decrease in the number of corpora lutea which is established prior to Day 6 of gestation,
this effect is probably not due to exposure to vinyl chloride. Pregnancy wastage in
rabbits was unaflected by exposure to vinyl chloride. No differences in fetal body weight
or crown-rump length were observed in any of the exposed groups of rabbits.

TABLE §
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TABLE $§
OBSERVATIONS MADE AT THE TIME OF CESAREAN SECTION OF MICE EXPOSED T0O VINYL CHLORIDE BY INHALATION®
Low concentration High concentration
0 50 50 0 500 500
0 0 15 0 0 15
Number of litiers 21 20 16 26 19 7
Implantation sites/dam® 12+2 12+ 4 11+4 1412 132 10+ 6°
Live fetuses/litter® 10+4 i1 +4 10+4 12+£2 11+2 8+6°
Implantations resorbed (%) 15 (40/261) B (18/238) 11 {19/17%) 7(26/351) 13 (33/248) 19 (13/69)
Litters with resorptions (%) 67 {14121} 55(11/20) 69 (11/16) 58 (15/26) 79 (15/19) 86 (6/
Litters totally resorbed 1 0 2 0 0 2
Resorptions/litters with resorptions 2.9 (40/14) 1.6 (18/11) L7 (19/11) 1.7 (26/15) 2.2 (33/15) 2.2(1346)
Sex ratio, M:F 50:50 50:50 48:52 54:46 52:48 64:36
Fetal body weight (g)7 1.00 + 0.1 1.02 +£0.10 0.84 + 0.14° 1.07 + 0. 099 +0.11* 078015
Fetal crown-rump length (mm)’ 230119 242108 224115 237 % 1. 236+ 1.0 202+ 1.5
Maternal deaths/treated dams (%) 0(0/37) 0(0/27) 0(0/28) 0 {0/30) 17 {529 13 (4/30)
Percentage pregnancy® ) 57{21/37) 74 (20/27) 57 (16/28) BS (28/32) 72(21/29) 31 (829

* Mice were exposed to vinyl chloride or filtered room air by inhalation 7 hr daily on Days 6-15 of gestation. Some of the mice were given ethanol in their
drinking water (159, v/v) on Days 6-15 of gestation. Low and high concentrations; top row, vinyl chloride in air (ppm); botiom row, percemage ethanol in

drinking water.
* Mean + SD.

¢ Significantly different from vinyl chioride alone by an analysis of variance, g < 0.05.
4 Significantly different from control by an analysis of varance, p < 0.05.
* Significantly different from control by the Fisher exact probability test, p < 0.05

4 Mean of litters + SD.

¢ Based oh the presence of fetuses and/or resorption sites observed by gross examination at the time of Cesarean section.
* Significantly different from vinyl chloride alone by the Fisher exact probability test, p < 0.05,
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TABLE &

OBSERVATIONS MADE AT THE TiME OF CESAREAN SECTION OF RaTs EXPOSED 10 ViNyL CHLORIDE BY ENHALATION®

Low concentration

High concentiation

0
o

500
0

¢
0

2500
0

2500
15

Number of litters

Corpora lutea'dam®
Implantation sites/dam®
Pregnancy wastage*”

Live fetuses/Tivter*
Implentations resorbed (%)
Litters with resorptions {34)
" Litters totatly resorbed

Resorptions/litiers with resorptions

Sex ratio, M:F
Fetal body weight (g)”
Fetal crown-rump length (mm)”

Maternal deaths/treated dams ("/.)

Percentage pregnancy’

28
i5+3
122

32
1242
1(4/342)
14 (4/28)
0
1.0{4/4)
52:48

5.67 + 0.29
426412
0(0/29)
96 (28/29)

k)|
132
13+2
0411°
1212
3(11/398}
29 (9/31)

1]
1.2(11/9)
50:50
5.44 1+ 0.38°
43.6 + 0.8°

0(0/23;
94 (31/33)

19
14+2
12+£2
11
12+2
4 (9/238)
32{6/19)
0

1.5 (9/6)
49:51
5.59 £0.27
436+15
0(0/20) 's
95 (19/20) ’

16
15+ 2
412

2+1
13+2
3(6/220)
25 (4/16)
1]

1.5 (6/4)
53:47
5.62+0.29
43311
6(NTD
10017117

16
1442
122
2+2
12t 2
4(7/19%)
25 (4/16)
[

1.8 (7/4)
54:49
$.34 +0.32¢
424 1 0.9
0017
94 (16/17)

* Rats were exposed to vinyt chloride or filiered room air by inhalation 7 hr daily on Days 6-15 of gestation. Some of the rats were given ethanol in their
drinking water (15 %, v/¥) on Days 6-15 of gestation. Low and high concentrations; top row, vinyl chloride in air (ppm); bottom row, percentage ethanol in

drinking water.
* Mean + SD.

¢ Significantly difficrent from control by an analysis of variance, p < 0.05.

4 Significantly diffcrent from vinyl chloridc alone by an analysis of variance, p < 0.05.
* The number of corpora lutca minus the numbcer of implants.

£ Mean of litters + SD.

.

* Based on the presence of Fetuses and/or resorption sites obscrved by gross examination at the time of Cesarean section.

O
BSERVATIONS MADE AT THE TIME OF CESAREAN SECTION OF RABDIIS EXPOSED T Vinees [ o T T
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i i N i aciaace, g < 0.05.
¢ Sigaficaatly dilferent o conteul by au analysis of vaciance, g 3.
’ Sngniﬁcanlly dudTerent frony vinyl chioride alone by an analysis of variance, p < 0.05.
* The number of corpora lutca minus the number of implants.

7 Mean of litters + SD. o o ) -
4 g'a;:d on th; presence of fetuses andjor resorplion sites observed by gross examination at the time of Cesarean section
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TABLE 7

OBSERVATIONS MADE AT THE TiME OF CESAREAN SECTION OF RABBITS EXPOSED TO VINYL CHLORIDE BY INHALATION"

Low concentration High concentration

0 500 H 2500 2500 i
0 0 0 0 is -
z
Number of litters 18 19 "n 5 16 z
Corpora lutea/dam® 9+1 841 1042 107 102 -
Implantation sites/dam® 911 Bt 8+2 8+4 942 =
Pregnancy wastage®? 0411 11 211 213 1ti %
Live fetuses/lister* 8+1 T+2 61 6+4 414 :
Implantations resorbed ( %) 6 (16/162) 9 (14/150) 22 (19/88) 24 (10/42) 53 (79/149)" z
Litters with resorptions (%) 44 (8/18) 32 (6/19} 64 (7/11) 80 (4/5) 88 (14/16) ;
Litters totally resorbed 0 1 2 1 7 Z
Resorptions/litters with resorptions 1.2 (10/8) 2.3 (14/6) 279D 2.5(10/4) 5.6 (79/14) F
Sex ratio, M:F 53:47 50:50 61:39 $rs0:50 43:57 z
Fetal body weight (g} 3523 + 482 34.13 £ 4.17 36.46 + 4.82 33771 448 3248+ 5.88 2
Fetal crown—rump length (mm)” 91.0+ 4.2 926+ 5.0 92.6 +4.7 87.1+£52 87.7+63 2
Maternal deaths/treated dams (%) 0(0/18) 0 (0/20) 0(0/t1) 14 (/7 16 (3/19) 3
Percentage pregnancy® 100 (18/18) 95 (19/20) 106 (11/11) 86 (6/7) 95 (18/19) = u
A
--. - -%Rabbits were exposed to vinyl chloride or filiered room air by inhalation 7 hr daily on Days 6-138 of gestation. Some of the rabbits were given ethanol in 2

their drinking water (15 %, v/v) on Days 6-18 of gestation. Low and high concentrations: top row, vinyl chloride in air {ppm); bottom row, percentage ethanol
in drinking water,

# Mean £ 5D.

© Significantly different from control by an analysis of variance, p < 0.05.

4 The number of corpora futea minus the number of implants.

* Significantly different from vinyl chloride alone by the Fisher exact probability test, p <005,

¥ Mean of litters + SD.

¢ Based on the presence of fetuses andfor resorption sites observed by gross examination at the time of cesarean section.
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Incidence of anonolies, The incidence of anomalics among litters of mice, rats, and (No. 5)
rabbits exposed to vinyl chloride by inhalation is indicatcd in Tables 8, 9, and 10, of vinyl
respectively. The incidence of gross anomalies observed by external examination of signific:
fetuses from mice was not significantly greater than among control litters (Table §).

One fetus among the litters of mice exposed to S00 ppm of vinyl chloride in combination
) X Incioen
TABLE 8

INCIDENCE OF ANOMALIES AMONG LivTEms or Mice Exrosep TO VINYL CHLORIDE BY
InvALATION" .

Low concentration High concentration

——

o 0 50 o 500 500
0 0 13 0 ] 13
) Gross ar
[Number examined, fetuses (itters)) Soft tisst
i Gross anomalies 21200 2200200 153(14) 325(26) 215(19)  36(5) Skeletal
) Soft tissue xnomalies 74 20 75Q0 50(14) 107 (26) AN 199 eietal .
{ Skeletal anomalics 220Q00 0¢0) 153(14)  325(26) 20519} 569 Bones
H Bones of the skull® HWIQ8 4509 103(14) 217¢26) 142(19)  37(%) Gross ar
; Gross anomalies [Fetuses affected (50 Qlitters affected, ()] Omph.
. Exencephaly 0 0 0 1(8) 1(10) 2(20) Soft tiss
i Anopthalmia ] ] ] [\ ] 2(20) tisst
! Cleft palate 1(10) 1 (10 2Q21) 0 1(% 4 (40) Micro;
X Sofl tissue anomalies Dilatec
! Small thymus 0 o 4 0 o o bilat
! Skeletal anomalies Small }
: Sterncbrae ma
. Unfused 3000 329 3G 2(19) 94y 34(80f Skeletal :
Delayed ossification 7(50) 4(35) 44100y 1(12) 6427 43 (100¢ Sternet
' No. § sternebra missing 0 ) 3Q21) 0 100) 7 (40F Unh
: Ribs ;
! Extra 4(30) 5000 06CD X)) 3(2)  14(60F Ribs
] Spurs 409 540 2D 40D 3@ 14s0¢ Spur
Vertebrae Verteb:
i Forked atlas 0.4 (%) 1(10) 4 (36r 0 0 4(20) Miss
i Missing cervical centra 0 0 0 1(10)  38(60r Skull
Delayed ossification of
. cervical arches 0 [] 1(14) 0 0 5 (40)° Dela
‘ Skull Unfu
; Delayed ossification 9 (3%) (N 40(100F  13(54)  30(38 70 (100F
t Unfused occipital 0 0.7 (5) 24 (50 1012) 5Qn 11 20) -
i Rats w
i Mic! sed to vinyl chlonde or filtered air by inhaltion 7 hr dail days 6-15 of gestation, Somw of the gestation.
. - r . .
$ mice w:r: ::::y: g?hlmlol;’rgﬂ: dri:kign: water { |;§:I'):m d:;l thinofmﬁo’n.o r.o*y:nd high torm'“ l'raliom: 1op row, gestauo::n. 1
! vinyl chloride 1n air (ppm); bottom row, percentage cthanol in dﬁnkint.mter. ) ) ethanol in
t * Calculations of 1 i of lies of bowss of the skull are based on approximately two-thirds of the total popu- » Amo
: lation of fetuses. The remainder of the fetuses are decapitated during the soft tissus examination. A litters of mice which h ny
: were exposed to 30 ppm of vinyl chloride, one litker comisied of oaly one fetus, which was deckDRALEG JUrpe the fof e available 1
; o Sienificantly different from vinyl chioride alons by the modified Wikozon text, 5 < 0,05, ¢ Caleul.
. 4 Significamly different from control by the modided Wikoxon test, p < 0.03, thirds of t!
A * p = 0.057, modified Wikozon test. tissue exar
| o reo . . - — * Signific
. with 15 %/ ethanol exhibited anopthalmia. The incidence of cleft palate in this group was ' * Signific
; slightly higher than that observed among mice receiving vinyl chloride alone.
; No soft tissue anomalies occurred at an incidence significantly greater than control ! nation w,
' in mice. Two fetuses from one litter among thice exposed to 50 ppm of vinyl chloride ficantly gr
’ plus cthanol exhibited a small thymus. No skeletal anomalies were observed at an | exposed t
{ incidence significantly greater than in controls among mice exposed to 50 ppm of vinyl ossificatio
t chioride. Significant increases in the incidence of delayed ossification of sternebrae examinat
{ ' H
- a-\_""‘lu-—-— —
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56(%)
19 (3)
56 (5)
37(®

2(20)
2(20)
4 (40)

34 (80)
¢ 43(100F
7 140y

14 (60)*
14 {BOY

4(20)
18 (e0)°

3 (40)*

i 70 (100)°
11 (20)
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(No. 5) and bones of the skull were observed among litters of mice exposed to 500 ppm
of vinyl chloride. The incidence of unfused centers of ossification of sterncbrae was also
significantly higher in this group. Among mice exposed to vinyl chloride in combi-

g , TABLE 9
INCIDENCE OF ANOMALIES AMONG LITTERS OF RaTs Exprosep 10 VINYL CHLORIDE BY
INHALATION®
Low concentration High concentration
0 508 0 2500 2500
0 0 0 0 15
[Number examined, fetuses (litters))
Gross anomalies 339(28) 3IB7(31) 229(19) 214(16) 188 (16)
Soft tissue anomalies 11328) 129(31) 76 (19) 73(16) 63 (16)
Skeletal anomalies® 337(28) 187(31) 229(19) 214(16) 188(16)
Bones of the skull 225(28) 259(31) 153(19) 141(16) 125(16)
Gross anomalies [Fetuses affected (%) (litters affected, 501
Omphalocele 0 1(3) 04 (5 0 0.5 (6)
Soft tissue anomalies
Micropthalmia 0 0 0 0 2(6)
Dilated ureter (unilateral or ,
bilateral) 2(M 2(6) 5(10) 27 (50 519y
Small kidney 0 0 0 0 2(6)
Skeletal anomalies
Sterncbrae
Unfused 0 1(6) 3(332) 056y 1(12)
Ribs
Spurs 1{4) 9 (52y 14 (68) 12 (69) 35(69)"
Vertebrae
Missing cervical centra 03@4) 2(16) 7(53) 450y . 2181
Skuil
Delayed ossification 16 (61) 12 (61) 18 (58) 631y 3(2%)
Unfused 0 0 53 (90) kX (¥ o 2(12)

* Rats were exposed to vinyl chloride or filtered room air by inhalation 7 hr daily on Days 6-15 of
gestation, Some of the rats were given ethanol in their drinking water (159, v/v) on Days 6-15 of
gestation. Low and high Concentrations: top row, vinyl chloride in air (pprn); bottom row, percentage
ethanol in drinking water.

* Amang litters of the low concentration control rats, two fetuses were misplaced and were not
available for examination for skeletal anomalies.

¢ Calculations of the incidence of anomalies of bones of the skull are besed on approximately two-
thirds of the total population of fetuses. The remainder of the fetuses are decapitated during the yoft
tissue exarnination.

* Significantly different from control by the modified Wilcoxon test, p < 0.05,

iis group was { ¢ Significantly different from vinyl chloride alone by the modified Wilcoxon test, p < 0,05,
e,
than control nation with 15% ethanol, several skeletal anomalies occurred at an incidence signi-
inyl chloride « ficantly greater than among mice exposed to vinyl chloride alone. Among litters of mice
served at an ‘ exposed to 50 ppm of vinyl chloride plus ethanol, increases in the incidence of delayed
apm of vinyl ossification of bones of the skull and sternebrae (Nos. 4~6) were observed upon skeletal
f sternebrae  }  examination. The incidences of unfused occipital, unfused sternebrae (Nos. 5 and 6),
!
’
‘ ‘! ‘V
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a'ad forked utlas were also significantly increased in the 50-ppm plus ethanol group.
Among litters ol mice exposed to 500 ppm plus ethanol, increases in the incidence of
delayed ossification of bones of the skull, sternebrae (Nos. 2-6), and arches of the
cervical vertebrac were observed. Significant increases in the incidence of Jumbar
spurs, missing centra of the cervical vertebrae, unfused sternebrae, and missing fifth
sterncbrae were observed in this group as well. The incidence of extra ribs was slightly,
but not significantly, increased compared to the controls.

In rats, no gross anomalies occurred at an incidence significantly greater than among
control animals (Table 9). Among litters of rats exposed to 2500 ppm, the incidence of

TABLE 10
INCIDENCE OF ANOMALIES AMOND LiTTERS OF RaBBITS ExPosep 1O VINYL CHLORIDE sy
INMALATION®
Low concentration® High concentration®
0 500 0 2500 2500
0 0 0 0 0
{Number examined, fetuses (litters)}
Gross anomalies 152(18) 136(18) 69(9) 32(4) 70(9)
Soft tissue anomalies S0(18) 47(18) 249 10(4) 25(9)
Skeletal anomalies 152(18) 136(18) 69(9) 32(4) 70(9)
Gross anomalies [Fetuses affected (%) (litters affected, °.))
Cleft palate 0 0 0 0 1{dn
Soft tissue anomalies
Dilated renal pelvis 0 0 0 0 8(l1)
Dilated cerebral ventricle 0 0 0 10 (2%) 0
Enlarged right atrium of heart 0 0 0 0 8(11)

Skeletal anomalies
Sternebrae
Delayed ossification No, 5 () IB (M4 20(44) 16(7%) 24 (67)

* Rabbits were exposed to vinyl chloride or filtered room air by inhalation 7 hr daily on Days 6-18
of gestation. Some of the rabbits were given ethanol in their drinking water (15%, v/v) on Days 6-18

of gestation.
* Top row, vinyl chloride in air (ppm); bottom row, percentage ethanol in drinking water.
© Significantly different from control by the modified Wilcoxon test, p < 0.05.

dilated ureter was significantly higher than among control litters. The. incidence of
dilated ureter was significantly lower, however, among litters of rats exposed to
" 2500 ppm of vinyl chloride in combination with 159 ethanol. Among litters of rats
exposed to vinyl chioride, only minor skeletal variations were observed at an incidence
higher than that of controls. The incidence of lumbar spurs was increased among litters
exposed to 500 ppm. No increases in the occurrence of skeletal anomalies were observed
among litters of rats exposed to 2500 ppm. The incidences of delayed ossification of
bones of the skull and unfused centers of ossification of skull and sternebrac were
significantly decreased among litters of this group. The incidences of lumbar spurs and
missing centra of the cervical vertebrae were, however, significantly increased among
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INMALED VINYL. CHLORIDE FMARYOTOXICITY h1) ]

htters of rats exposed to 2500 ppm of vinyl chioride in combination with 15% ethanol in
the drinking watcr,

in rabbils, no gross anomalics were observed at an incidence greater than among
control listers, although a cleft palate was observed in one fetus among litters of rabbits
exposed to 2500 ppm of vinyl chloride plus ethanol (Table 10). Dilated renal pelvis was
also observed in two fetuses from one litter among rabbits exposed to 2500 ppm plus
ethanol. Two fetuses from this group also exhibited an enlarged right atrium of the
heart. Among litters of rabbits exposed to 500 ppm, the incidence of delayed ossification
of the fifth sternebra was significantly higher than that of control litters. Delayed
ossification of sternebrae did not occur at a significantly higher incidence than control
among litters of rabbits exposed to 2500 ppm of vinyl chloride alone or in combination

with 159 ethanol in the drinking water. :

Fl

DISCUSSION

The results of these studies indcate that exposure of pregnant mice, rats, or rabbits to
vinyl chloride by inhalation at concentrations sufficiently high to cause maternal
toxicity was not teratogenic in any of the three species, The responses of mice, rats, and
rabbits are summarized in Table 11. Less maternal toxicity was observed among rats
and rabbits than among mice during exposure or at the time of cesarean section.
Among rats, one maternal death and an increase in liver weight were observed at 2500
ppm and a decrease in maternal weight gain was observed at 500 ppm. Ameng rabbits,
one maternal death was observed at 2500 ppm and there was a decrease in food con-
sumption at 500 ppm. In comparison, 500 ppm was quite toxic to pregnant mice, as
evidenced by the significantly decreased weight gain and food consumption and by the
occurrence of a number of maternal deaths.

Exposure to vinyl chloride alone was not consistently embryotoxic in the three
species studied. Among mice, at 500 ppm, the incidence of resorptions was significantly
higher (13%) than among the concurrent controls (7%). Since the incidence of re-
sorptions among the mice which served as controls for the 50-ppm group was 15%, and
the incidence among groups of control mice from recent studies in our laboratory was
10% (193/1895), the apparent increase at 500 ppm was probably due to the unusually
low incidence of resorptions among their concurrent control group. Resorptions among
exposed rats and rabbits occurred at a frequency comparabie to controls, Some de-
creases in fetal body weight and crown—rump length were observed in rats and mice, but
not in rabbits. A teratogenic response to maternally inhaled vinyl chioride was not
observed in mice, rats, or rabbits. With the exception of unilateral and bilateral dilated
ureter among litters of rats exposed to 2500 ppm of vinyl chloride, no external or soft
tissue anomalies were observed at an incidence significantly higher than control in any
of the three species. Examination of the skeletons revealed only minor skeleta! varia-
tions; no major skeletal malformations were found at an incidence significantly greater
than in the control groups. '

Ingestion of 159/ ethanol in the drinking water enhanced some of the effects of in-
haled vinyl chloride. In each of the three species tested, maternal weight gain and food

consumption were lower than among animals exposed to vinyl chloride alone. The
percentage resorptions was slightly but not significanty increased among mice exposed




0190

f“

t

TABLE 11

SummarY——VINYL CHLORIDE TERATOLOGIC STUDIES

Mice*

Gestation days of treatment 615 6-15 615 6-15
Maternal deaths No No Yes Yes No No
Percentage pregnancy —* —_ — Dec — —
Number of litters examined 0 16 19 7 2! k)|
Maternal weight gain - Dec Dec  Dec —-— Dec
Maternal food consumption —_ Dec Dec Dec Dx —
Maternal liver weight

Absolute —_ Dec Dec Dec —

Relative — — —_ Dec — —
Implaantation sites/dam —_ -_— — Dz —_ —
Percentage resorptions —_— _ Inc” _— — —
Litters totaily resorbed 020 216 O/19 2v 02l o
Litter size —_ — Dec Dec —_ —
Fetal body weight — Dec Dec Dec Dec Dec
Fetal crown-rump length Inc  Dec — Dec Dec  Inc
Externa! anomalies — —_ - —_ - -—
Visceral anomalies —_ — — _ — —_
Skeletal anomalies — Inc - Inc Inc —_
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* Top row, vinyl chloride in air (ppm); bottom row, percentage ethanol in drinking water.
* —, No change; Dec, decrease; Ing, increase as compared to control values.

* This apparent increase was duc to a lower than normal incidence of resorptions among the coatrol group; see Discussion for details.

* Dilated ureter, ,

— NP ———m —
< ~ v =

fwanl.d . 2% T 2T ® m I

S BRI E<Borersieinioray §E. g
- . —4 »n =3 = -

E-q """i‘-?ﬁ';‘=35-32:°§=§’!£ g 8 ?
3 gz”‘w='°”232'020=°‘>°‘8 320 2
°r 523, USfzisfgR3mwz3? voR &
i BFEQ ~oXBR3TERSFREFIT EaE 3

{

TeuIquwod
' jAuia 01
juup gy
lqqes 10
apliofyd
suaptaut
\ suole
Myuds



; sce Discussion for detals.
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* Yop row, vinyl chloride inwr (ppr); bolt. ...
» . No change; Dec, decreuse;
¢ This apparent increase was due toa tower thaa norma

¢ Dilated ureter.
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! to vinyl chioride in combination with 1 5% ethanol in the drinking water. A statistically
{ sigmficant increase in the percentage of resorptions was observed among rabbits exposed
‘ 10 vinyl chioride plus ethanol. Fetal body measurements were lower among litters of
mice and tats which received ethanol and vinyl chloride compared to vinyl chloride
‘ alone. The combination of ethanol and vinyl chloride did not cause a teratogenic
response in the three species tested, although higher incidences of some skeletal vari-
‘ ations were observed among litters of mice and rats. Certain malformations were
observed among litters of mice, rats, and rabbits which also received ethanol, but their
incidence was not statistically different than among litters of animals exposed to vinyl
chloride alone. The effect of simultancous ingestion of ethanol on the disposition of
vinyl chloride in these animals seemed to enhance maternal toxicity to an extent
greater than embryotoxicity.

In summary, the results of these studies indicate that exposure of pregnant mice, rats,
and rabbits to vinyl chloride by inhalation was not teratogenic at the concentrations
tested. Mice were more susceptible to the toxic effects of vinyl chloride than cither rats
or rabbits. Simultaneous exposure to vinyl chloride by inhalation and 15% ethanol in
the drinking water resulted in toxic effects greater than those associated with exposure
to vinyl chloride alone in the three species, Exposure to vinyl chloride alone or in

combination with 159, ethanol in the drinking water did not cause a significant tera-
logenic response in mice, rats, or rabbits,
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iyves of clafi presenting in =in will de
demorstrates and thus give & cuasi~
guartitasive tazic model ol the tumaw mal-
fermation.

Trig Anvestigation was sicporied by the
Hedicel Researcr Council of Grsat Britain
anéd the Scaeniific and Research Committee
of the Newcastle Univer:z:+; Hespitals,

JENSH, R.P., J. LUDLOWY, 1. WEINBERGY, W.H.

VOGEL*, T. RUDDER*, and R.L. BRENT. Departments

of Anatomy, Pharmacology, a2nd Radiology,
Thomas Jefferson University, Philadelphia,
Pennsylvania. Studies concerning the
effects of prosracted prenatal eXposure to 2
non-thermal level of 2!%0 MHz microvave
radiation in the pregnant rat.

Twelve pregnant Wistar rats were exposed to
2450 MHz microwave radiation in an anechoic
chamber 8 hours daily throughout pregnancy
{mean = 115 hours). Since previous studies had
ndicated that power intensities to 20 mW/cm®,
inclusive, were non-thermal, 1.e., did not
cause an wncrease 1n bodv tesmperature through-
out the test period as measured by 2 rectal
thermocouple probe, thie dosage level was used.
Concurrent control amimals were placed 1n the
chamber for similar time periods. ALl anumals
were killed on the 22nd day of gestation,
their uteri exteriorized, and fetal positions
and resorption sites reccrded. All fetuses
were dissected using Wilson's cross-sectional
technigque. Data were afalyzed and compared
with historic baseline control groups. No
significant differences smong croups were
observed for the following parameters: initial
maternal weight; term maternal weight; maternal
welght gain; embryonic and fetal resorption
rates; abmormality rate; and term fetal and
placental weights. Using these parameters as
ilices, the present results indicate that
exposure of pregnant rats to a non-thermal but
threshold level of 2450 MHz microwave radiation
B hours daily throughout gestation does not
adversely affect the offspring.

{Supported Dy NIH Grant #ESO-1121)

John*, J. A., T J. Murrav®, F. A. Smith*,
ano Y, A, Scnwezz, Toxicology Research

Laporatory, Le. Cnemics) L.5.A., Midland,
Michigan Seretolople evaluation of vinyl
chicride, vaini:gene chloride, and styreme

in lapcratory anlmals.

Jeratologic studies on 2 series of moncweric
cubstituted visvi-¢hemiczle wiaely used in the
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Flastics industry have been cooducted in
laboratory animals. The chemicals, routes of
acministyation, species, and dose levels gy

es follows: vinyl chloride - inhalatiop o
wice, rack, rabbits - 30, (mice only), 500,

2500 (notr mice) ppm: vinylidene chleride -
1znalation - rats, nmy),
€0, 160 ppw, drinking water - rats - 200 Pru;
tivrene - inhalacion « rats, rabbits - 300
650 ppm, savage - rats = 180, 300 wg/kg/day.
Tae current TLV's for these chexicals are
1, 20 and 100 ppm, respectivelx. Each
tiecical vas administered throughout majer
organogenesis, Teratogenic effects were
not observed in any species vith any of
tHEsSE MONOWETS.

KALTER, H., Children's Hospital Research
Foupdation, Cincimnati, Ohios. Tailure of

ILestostercne to wodify the development of a
Soontaneous eyelid abnormalitv in mice.

Ap attempt was made to modify che
pronounced mex difference in the frequency
¢ sponcanecus open eyelid in A/JKt mice by
nermonal means. Primiparous females vere
szesthetized with nembutal (0.05 ag/g, ip)
oz the l5th day of gestation (about ? days
before the lids usually close), an incision
was made through the skin of tne nape, and
s:out 1/3 of a 75-mg pellet of restosterone
(ireion, Schering) was inserted
£.pcutansously and the wound closed with
e.rgacal scaples, The same procedure vas
fcllowved 3n controls except DO testosteroze
wis wnserted. The females were killed & davy
lezer, i.e., 1 day afrer the lids usmpally
close and 2 days before expected parturitiee,
azZ the offspring were removed, examipad,
a=d sexed by inspection of the gonads.
Fenale offspring were externallv masculinized,
156 anogenital distance in ther being
1=distinguishable to the eye from chat in
msles. The resorption race was similar in
the experimental and control groups (17.0
azd 19.4%). The hormone had no effect or
e1elid development. The overall frequescy of
open eyelid waz 15,4% in the experimental
group and 14.0% in the control; and was 21.3%
1= males and 8.92 in females in the foruer;
and 20.8% in malex and 7.72 in females in
the latcer. Perhaps earlier treacment
or admipistration of a larger dose would
be successful,

Kﬁiﬁﬁ.r;f.s.. and B.G. SHAN®, Bureau of
~w€macal Safety, Health anc Wellare
Cenada, Ottawa, Ontario, Failure of
Z:inc acetate to reduce gerscogersciir ¥
tshylenethiourea ain pregnant Tats-
TthylenebisBithiocarbamate fungicidss
ireir degradation and a probable meusb
cl‘,ig:"-pctgu:t-n.hylener.h.\ouru(E."ri-)- ot
riternal zine daficiency during Fre€”
naacy, have all produced strikinelY
Eixilay anomalies in rats. Mechanis®

srratOGENIC RS
concicides), deduy
¢ifects Observead !
irsang of Tane ac,
-een attributed tc
rence Zinc deplet:
Jd, 171<184),  whne
12100 cah be ass:
avestagated., Maz
¢ the tan experir
sentrol dier for <
;re¢hancy. Tha da
1rcGFS alBo were s
+ thelr diet ¢c
tram the llth to ..
+: give & dose of
tax. On 13th day
ravp each from )
ia™3, WAS given no
.ljed water), 80,
r.kzut.  The dams o
‘ hours post-injec
.¢velE 1n the conce
eyt Or later at
sz:dence of axter:
iteletal Anomalies.
cd:cated that, 1°
«*fective in reduc.
‘-ZenlElty, Aané 2,
!fnfepPtus And mater
s.ierad upon fepd:-
nrecting ETU,

4D, DOROTHY WEL, C.¢
_‘ “ BSUM. Deparrmert
s:man Unjversicy, Tair
‘xets of rinc apd les
‘=z.rolevulinic acad c

STND .

Chick teratoganes:
nititory effect of ie
 d-aminolevulinic aci.

* Tivity have been repo-
7y. Furcher studies
test the effect of z-

“:me. TFor this vor¥
-fcied by heart punc.

édy chick embrvo.
vited of Welspbearg et :
eAactivity was expre:

'35 o per mg af blec

teved thar zine acetate
ibined ghe activity ¢

_‘Te vas po inhibivien

“ibition due to lead
The maximal 502 1
V.04 mg of lead aee

on the 4th day of ir

‘-rlid Acetate was inje
.t 95 of zinc acetat

':c'*, Y€tueen the two p
:=~'- duappured, howe

CrAtetate wvap used v

b #ne could reduge t

i '“d‘"“ ALAD only whe:

12 €7 0.01 mg and not
*7Orted by & research
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TRANSLATION:
Mirkova, E., A, Mikhailova, and M. Nosko: EMBRYOTOXIC AND TERATOGENNIC ACTION
OF VINYL CHLORIDE. (Emgriotoksichno i teratogenno deistvie na vinilkhlerid.)

Khigiena a IZdraveopazvane, Vol. 23, No. 5, pp. 440-443, 1977, Institute of
Hygiene and Occupational Diseases, Sofia.

E. Mirkoca, A. Mihailoza, M. Nosko — Embryatoxic and Teratogenic Action of Viny)-
chloride

Summary. The authors examined the embritovie and teratogenic action ol vinylchlo-
ride on 40 pregnant wWhite rats of the strain W.ctar. The experunents were carried out under
the cunditions of daily inhalatory puisoning durisi. the whole su-tairon at mean daily con-
centration of vinvichioride (6.15 me n?).

There wat a manifested emhryotenic and jeratagenic dfect of vinylchloride-elevated
tolal embryonal mortality, lowered weight of the fetuwes. induciion of eniernal and internal
snomalies 1n the development ol the fetus. The authur: propese a correction of temporary
acting threshold value of concentration in Buigaria (10 mg m® on ihe hasis of the obtained
rsulte,

It {s known that a number of chemical agents used in industry have an un-
favorable effect on the development of the fetus and progeny [G. Goncharuk,
1968; A, Dyban et al., 1965; L. Ivanova~Chemishanska, 1969; E, Mirkova, 1975,
etc.]. One of the most important tasks before public health experts and toxi-
cologists 1ls therefore to determine the causes of the later effects of poison—-
ing with harmful industrial chemicals, and in particular the necessary evalua-
tion of the risk of an smbryotoxic and tetratogenic action. Unfortunately,
studies on these specific forms of the biological action of industrial chemi-
cals in cases of exposure to low concentrations are still very inadequate.
Studies at these exposure levels make it possible to determine the threshold
of the embryotoxic effect, and are the basis for substantiating preventive mea-
sures for the protection of the prenatal period of human development {I. Sanot-
skii, 1972].

The subject of our experimental study was testing the embryotoxic and
teratogenic activity of vinyl chloride during inhalation exposure in a concen-
tration of 6.15 mg/m3 -~ lower than the accepted provisional Bulgarian standard

in force (10 mg/m3).
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MATERIAL AND METHODS

The experiments were carried out on 40 pregnant white Wistar rats under
conditions of daily inhalation exposure throughout gestation at an average
daily vinyl chloride concentration of 6.15 mg/m®. The animals were sacrificed
by decapitation on the 21st day of pregnancy. During the autopsy, the number
of implantation sites in the uterus were counted, the resorptions and autolyses,
the number of corpera lutea of pregnancy [corpora lutea vera? -~ Tr. Eﬂ.liin
the ovaries, and the number of live and dead fetuses were recorded, and the
welight and craniocaudal dimensions of these latter were determined. The fetuses
were macroscopically examinéd for the presence of external malformations, after
which the routine teratologih method of J. Wilson [1965] as modified by A. Dyban
et al. [1970] and A. Dawson [1926] was used to look for developmenéal anomalies
in the internal organs and defects in skeletal ossification. The lethal effect
of the vinyl chloride was calculated from the method of A. Malashchenko and I.
Egorov [1967). Using a biological test, a first generation was bred from
mothers treated while pregnant and control fathers. Its postnatal development
was monitored until the onset of sexual maturity; in evaluating the health of
the progeny both the gemerally accepted criteria of physical development --
weight gain in the newborn and postnatal mortality —- and sensitive functional

Imethods of investigation were used. The status of the detoxifying function of
the liver was studied based on the length of hexabarbital sleep, while the ex-
cretory function was examined from the bile cholic acid level (Reinhold method,
[1970]), and the activity of the bile enzymes LAY and GGTP (Fermognost tests).

The results were statistically treated using the Student-Fisher ¢ criterion

at a significance level of p £ 0.05.

Uce
061078




RESULTS AND DISCUSSION

The prenatal effect of vinyl chloride on the fetus is characterized by a
marked embryotoxic action. The level of the overall embryonal mortality in the
exper imental group is double the control value. A breakdown of this indicates
that the increase is due to an elevated postimplantation lethality. The lethal
action of vinyl chloride is directed toward the stages of embryogenesis which
occur immediately after blastocyst implantation. This i1s Indicated by the more
than eight-fold increase in the incidence of early postimplantation mortality
(embryonal resorption), whiie the level of late postimplantation lethality is
unchanged under the action éf the test chemical, When pregnant animals are ex-
posed to vinyl chloride at the earliest stages of embryogenesis, there is a
tendency toward an increase in preimplantation mortality, but the changes re-
corded are statistically insignificant,

Vinyl chloride's embryotoxic action is also manifested in a reduction in
fetal weight. In all probability, the suppression of overall development is
due to a disturbance in homeostasis in the mother's body, and particularly to
the impaired condition of the liver, resulting in a deficit of the plastic
[nutrient? -- Tr. Ed.] andlenergy resources necessary for the vital activity
of the developing embryo [A. Mikhailova, E., Mirkova, unpublished data].

The negative effect of vinyl chloride on the intrauterine development of
the fetus is also manifested by a sharp -~ eight-fold -~ increase in general
anomalies (hematomas) in comparison with the control. These vary in severity
over a wide range, and are probably due to primary toxic damage to the fetal
vessels,

Under the studied exposure conditions, vinyl chloride also had a terato-

genic effect. External developmental anomalies, malformations of the internal

3
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organs, and defects in skeletal ogsification are induced. The defects in fetal
development which arise do not cover a broad spectrum, and involve only morpho-
genesis and the brain tissue, the vascular walls, and sternal ossification.

The disturbance in morphogenetic processes in the brain leads to the formation
of internal hydrocephalus, combined with intracerebral hematomas in 54.4% of the
fetuses examined, and to the isolated development of hematomas in 14.3%, Ex-
ternal brain malformations (encephaloceles) and anomalies in sternal ossifica-
tion (presence of additional ossification centers) are characterized by a low
incidence -- 2,53% and 2.8% of the fetuses, respectively.

In the study of the po;tnatal development of the generation exposed in
utero to vinyl chloride, no deviation in overall physical development and sur-
vival rate were found. The data from the functional studies conducted indicate
a disturbance in the adaptive capacity of the progemy, however. Impairment of
the liver's detoxifying function is observed in the progeny at the age of one
month, as evidenced by prolonged hexabarbital sleep. The changes are persis-
tent and are recorded in the second momth of the postnatal period as well, af-
ter the onsget of sexual maturity; the degree of their expression is the same
in both sexes. As a result of the prematal exposure to vinyl chloride, the
excretory function of the liver 1s impaired as well. The reduction in bile
cholic acid levels which was recorded is an early sign of developing *:oxic
hepatopathy [A. Mikhailova, 19753]. The data obtained on the reduced rate of
bile secretion, the reduction in the overall quantity of bile, and the decrease
in the activity of the bile enzymes —- 1AP and GGTP -~ are also evidence of

disturbances in the hepatobiliary system of the progeny as a consequence of

intrauterine exposure to vinyl chloride,
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CONCLUSIONS

1. When rats are exposed to it during pregnancy, vinyl chloride has a
marked embryotoxic and teratogenic effect at a concentration of 6.15 mg/m3.
The overall embryonal mortality is increased, general physical development of
the fetus is suppressed, and external and internal brain malformations and de-

fects in sternal ossification are induced.

2, The postnatal development of the first generation of rats exposed in

utero to vinyl chloride is disturbed. The changes recorded in the detoxifying
and excreyory functions of the liver are persistent,

3. The existence of a marked embryotoxic and teratogenic of vinyl chloride
at a concentration of 6.15 mglm3 —- lower than the provisional Bulgarian health
standard in force (10 mg/m3) ~~ as well as the data on the impaired adaptive
'capacities of the progeny during the postnatal period, are the basis for re-

viewing this provisional MAC and indicate the need for lowering it.
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134 ABSTRACTS: FOURTEENTH ANNUAL MELTING

once daily for 7 days, Since pretreatment with 1254 at this dose caused loss of body weight and
striking enlargement and pallor of the liver, lower doses were included. Controls were given
H ;0 by mouth. On the cighth day, after a 16-hr fast, animals were either sacrificed for determi.
nation of microsomal cytochromes by, P-448, P-450, NADPH-P-450 reductase and NADH-
cytochrome-c reductase, oxidative-N-demethylase, and glucose-6-phosphatase, or exposed to

~5% VCM for 6 hr and sacrificed 24 hr later. Liver injury as indicated by centrolobular vacuoliza-
tion, focal midzonal necrosis, and increased serum transaminase activity was not apparent in
H;0-, SNL-, 3-MC-, or PCN-pretreated rats, while slight, moderate, and severs injury were
consistently found in HCB-, PB-, and 1254-pretreated animals, respectively. In animals pre-
treated with 150 umol 1254/kg, a dose which nearly tripled P-450, VCM produced the most
severe'injury of the combinations tested. Although liver injury was only found in animals pre-
treated with an agent which induced P-450, induction of P-450 alone did not correlate with
injury. PON which induced P-450 did notpotentiate VCM injury. Othercellular components in
addition to P-450 may be important in the potentiation of VCM toxicity. (Supported by
NIH Grants ES-00002, OH-00315, AM-16183, and HL-06370.) )

29. Results of a Vinyl Chloride~Teratology Study in Mice, Rats, and Rabbits. B. A. SCHwETZ,
B. K. 1. Leong, F. A. SMiTH, M. BaLMmer and P. J. GEHRING, Toxicology Research
Laboratory, Health and Environmental Research, The Dow Chemical Company, Midland,
Michigan. ‘

The potential of inhaled vinyl chloride monomer (VCM) to have a deletetious effect on the
developing embryo and fetus of laboratory animals has been evaluated. In an initial experi-
ment, CF-1 mice, Sprague-Dawley rats, and New Zealand white rabbits were exposed to 500
ppm VCM 7 hr daily during organogenesis. Some of the VCM-exposed mice were also treated
with 15% ethanol (EtOH) in the drinking water as their only source of liquid to determine if
concomitant ingestion of ethanol would alter the toxicity and/or teratogenicity of VCM. No
signs of toxicity were observed in the adult rats or rabbits during exposure or at the time of

necropsy and cacsareaﬂégw mt{:&ts’ there was a significant decrease in fetal body
A 1

weight but the incidence of exterfi ue and skeletal maiformations was not different
than among control littery. There was no effect on fetal body measurements or the incidence of
external, soft tissue or skelétdl Ralforsigmions in rabbits, Mice were more susceptible to VCM
than either of the other two species. There was a slight decrease in the weight gain among mice
and maternal deaths wvmm eaths/30 exposed mice). The percentage of pregnancy
among mice was slightly [6Wer gt ontrols. There was a slight increase in the incidence
of resorptions and fetal body weights were slightly lower than control values but the incidence
of external, soft tissue and skeletal malformations was not different than among controls.
Concomitant treatment of mice with EtOH in the drinking water accentuated some of the toxic
effects associated with exposure to VCM alone. The maternal weight gain and the pregnancy
rate was further decreased, but the incidence of maternal deaths was not increased by con-
comitant EtOH ingestion. The incidence of cleft palate and certain skeletal anomalies was
significantly increased arnong mice receiving EtOH plus YCM. Thus, based on the results of
this initial study, exposure of bred mice, rats, and rabbits to 500 ppm VCM during organo-
genesis did not result in a teratogenic response. Mice were slightly more susceptible to the toxic
cffect of VCM than cither rats or rabbits. Simultaneous exposure of mice to VCM by inhalation
and EtOH in the drinking water resulted in toxic effects greater than that observed among mice
exposed to cither one alone. These results are being used to design additional studies to assess
the toxicity of VCM.,

30. A Laboratory Aerosol System for Conducting Inhalation Toxicity Studies. B. S. Brar, C. E.
Trarror, C. R, BosHArT and J. F. NoaLe, Toxicology Research Section, Lederle Labora-
tories Division of American Cyanamid Company, Pearl River, New York,

An aerosol system has been developed for the safety evaluation of drugs to be used in the
respiratory tract. Design features of the equipment include: (1) a spinning disc generator
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EFFECTS OF VINYL CHLORIDE EXPOSURE ALONE AND IN
COMBIN ATION WITH TRYPAN BLUE — APPLIED SYSTEMATICALLY
DURING ALL THIRDS OF PREGNANCY ON THE FETUSES OF CFY
RATS

GY. UNGVARY, ARANKA HUDAK, ERZSEBET TATRAI M. LORINCZ and
G.FOLLY

Departments of Experimental Pathology and Chemistry, State Institute of Occupational
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Hungoran Acocemy of Sciences, Budapest, H-1450 Budapest P.0.B. 67 (Hungary)
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SUMMARY

Vinv! ctloride (VC) has been shown to be present in the fetal and maternal
blood as well as in the amrniotic fluid after the exposition of pregnant CFY
rats to VC at an atmospheric concentration of 5500, 18 000 or 33 000
mg m® 1~2000. 7000 or 12 000 ppm) for 2.5 h on the 18th day of preg-
rancy, indicating the permeability of the placenta to the agent.

Teratological investigation of the offspring of pregnant rats exposed
contimuously to VC at an atmospheric concentration of 4000 mg/m? air
11300 ppm) during the first, second or last third of pregnancy has shown
that VC has no teratological effect in the rat and has no embryotoxic effects
either. when applied during the second or last third of pregnancy in the
thove concentration. Exposition to VC during the first third of pregnancy
resulted 1n an increased fetal mortality and in the manifestation of embryo-
roxic effects. Fetal losses and induction of central nervous system malforma-
tion due to trypan blue administration were not potentiated by a combined
exposure of pregnant rats to VC and the dye.

INTRODUCTION

VC is ranking 23rd from among the 50 most widely used indusfrial chemi-

Supporiec, in part, by the Scientific Research Council, Ministry of Health, Hungary.
-11-040103-1 MU
Abbrenation V'C, vinyl chlonde
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cals, Carcinogenmicity of the compound has been reported in rats, mice and
hamsters {1—3]. In man the occurrence of hemangiosarcoma -~ a rare
malignant neoplasm — of the hiver has been brought into possible causal
relationship with VC exposure (4—8]. VC or its metabolite, chloroethylene
oxide, have been shown to induce mutagenic effects [9—14]. Chromosome
aberrations have also been described in plant workers after VC exposure of
various lengths [15--17]. However there are only a few data on the terato.
genicity of VC. The resuits of the epidemiological studies are controversial.
Infante {18] reported an increase in the incidence of congenital malforma-.
tions of the central nervous system among people living near chemical plants
working with VC. Further epidemiological study {19] did not confirm this
finding. Infante et al. {20] found higher mortality in families where the
father was subject to occupational exposure to VC. Paddle [21], however,
questioned methodological aspects of this approach. The only study in
experimental teratology with VC was conducted by John et al. [22]. They
found no teratogenic effect after inhalation of VC at an atmospheric con-
centration of 50, 500 or 2500 ppm for 7 h daily, during organogenesis in
S-D rats, CF-1 mice or N-Z rabbits.

The large scale production of VC and the wide usage of the polymer PVC,
the great number of people exposed, the reported hazardous effects, muta-
genicity and carcinogenicity of the compound as well as controversial data of
epidemiologic studies of teratogenicity call for a detailed study of experi-
mental teratology of the compound.

The present work was aimed to answer the following questions:

(1) Does VC, inhaled by the pregnant animal, cross the placenta and result
thus in a direct intrauterine exposure of the fetus?

(2) Does VC in itself possess teratogenic or embryotoxic effects?

(3) When given in combination with a known teratogenic agent does VC

potentiate the teratogenic effect of the former compound?

MATERIALS AND METHODS

Female CFY rats of 240—280 g body wt. were mated in a harem system.
The day of finding sperm in the vaginal smear was considered as the first day
of gestation. The animals were kept on a standard rat pellet [LATI*
Godolld] and tap water ad lib. Body weights were recorded once a week.

Groups of 3 rats were exposed to VC for 2.5 h on the 18th day of gesta-
tion at 5500, 18 000, 33 000 mg/m? (~2000, 7000, 12 000 ppm) atmospheric
concentrations. At the end of the exposure the animals were sacrificed and
maternal and fetal blood and amniotic fluid samples were collected for VC
determination performed by the method of Ldrincz {23].

Allocation of other pregnant rats to experimental groups can be seen in
Table I. Groups IA, IC, IIA and ITIA inhaled air in an inhalation chamber for
24 hj/day on the days of pregnancy 1—9, 8—14 and 1421 respectively.
Groups IB, ID, IIB and IIIB were exposed to VC in an atmospheric concen-

* Institute of Laboratory Aniumals, Godolld.
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tration of 4000 mg/m® (~1500 ppm) for the same length during the same TABLE T
periods of gestation as their respective controls. The volumes of the inhala- VINYL ¢
tion chambers were 0.13 m?®, the vertical flow rate of the air 2 m*/h at a FLUID ©
regulated temperature of 24—25°C and 50-—55% relative humidity. VC EXPOSUF
concentration in the inhalation chamber was determined by means of a type —_—
5840 A Hewlett Packard digital gaschromatograph [24]). The rats in groups Inhalation
1C and ID were given subcutaneously 2 injections of 50 mg/kg body wt. (mg/m?*)
trypan blue (1% solution) on the 7th and 8th day of gestation. Group IV o
was kept in the animal quarters during the whole period of gestation. 5500
On the 21st day of gestation the animals were anesthetised with ether. (~2000;
Abdominal wall and uterine horns were cut open and the number, position 18000
of fetuses living, dead or resorbed were noted. Fetuses and placentae were (;;ggg’
excised, weighed and macroscopic investigation was carried out, Half of the (~12000 |
fetuses of each mother were put into Bouin fixative and dissected after
fixation under the stereomicroscope [25]. Organs with macroscopic abnorm- +, S.EM.
alities were embedded and hematoxylin-eosin stained sections were studied
further, Histological investigation of representative other organs was also
carried out. In order to investigate the skeletal system the other half of the age of t}
fetuses were fixed in alcohol and stained with alizarin-red-S§ [26). The exposed
mothers were dissected and their livers were processed in routine histology. tendency
Arithmetic means and standard errors were calculated, Student’s t-test group ex
was used for statistical comparison. The litter was regarded as the experi- differenc
mental teratological unit [27); affected over total fetus ratios were third we
calculated, Mann-Whitney U-test was used for the statistical comparison of fetuses a
zhe ratios obtained. Combine
, effective
RESULTS increasec
. ‘ : A slig.
Considerably high VC concentrations were found in the blood of pregnant the grou
rats as well as their fetuses, when the mothers were exposed to VC at an with try
atmospheric concentration of 5500, 18 000 or 33 000 mg/m? (~2000, 7000, placenta.
12 000 ppm) for 2.5 h on the 18th day of pregnancy. The presence of VC in was seen
the amniotic fluid was also detectable (Table II). Althougl
Maternal loss was not encountered in the experiments. No difference in or VC i
the weight gain of pregnant rats expressed as percentage of the starting body differenc
weight was found with the exception of group IIIB exposed to VC during of novej
the third week of pregnancy. The weight gain in this group was lower, than The :
in the other groups (Table I). shown
The maternal liver weight and liver weight/body weight ratio increased in attribute
response to trypan blue as well as to VC applied in the first or second week
of pregnancy (P < 0.01 and P < 0.05, respectively) while no difference was DISCUSS
seen in these parameters after VC exposure during the third week of
pregnancy (Table I). No pathological change was observed in the liver of VC Contijy
treated mothers at the light microscopic level. There was a marked periportal slood le
hustiocytic reaction 1n the liver of trypan blue injected animals. weight ¢
The number of resorbed fetuses as well as the fetal loss taken as percent- 128). Oy
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TABLE II

VINYL CHLORIDE LEVELS IN°MATERNAL AND FETAL BLOOD AND AMNIOTIC
FLUID OF CFY RATS ON THE 18TH DAY OF PREGNANCY AFTER 2.5 H OF
EXPOSURE

Inhalation chamber Maternal blood Fetal blood Amniotie fluid
(mg/m?) (ug/ml) (ng/ml) (ug/mml)
0 0=0 0:0 0:0
5500 1902+ 170 12.80 + 2,82 4,27 + 0.42
(~2000 ppm)
18000 - 3240+ 2,12 22.67 2 2,75 4.93: 0,18
(~7000 ppm)
33000 48.43 + 1.95 30.52 : 3,77 13.50 + 2,99

(~12000 ppm)

:, 8. EM.

age of the total number of implants was significantly increased in the group
exposed to VC during the first 9 days of pregnancy (P = 0.05); there was a
tendency of increased resorption and fetal loss, though not significant in the
group exposed to VC during the second week of pregnancy (P < 0.1) and no
difference mn the parameters was seen after an exposure to VC during the
third week of pregnancy. There was an increase in the number of resorbed
fetuses as well as fetal loss in the group injected with trypan blue (P < 0.01),
Combined trypan blue administration and VC exposure was not more
effective than the dye injection alone. The number of dead fetuses was
increased by the trypan blue treatment (Table I).

A slight tendency of increase in the ratio of retarded fetuses was seen in
the groups exposed to VC during the first 9 days of gestation or injected
with trypan blue, but no significant change in the mean weight of fetuses or
placentae and in the ratio of fetuses with weight retardation (less than 3.3 g)
was seen no matter during which time of gestation the VC exposure occurred.
Although the ratio of retarded fetuses was higher in the groups inhaling air,
or VC in the inhalation chambers during the third week of gestation, this
difference was not significant and probably may be due to the stressor effect
of novel environment.

The findings of the dissection and skeletal investigation of fetuses are
shown on Table IIl. None of the malformations or anomalies could be
attributed to VC.

DISCUSSION

Continuous exposure of ratws to VC results in a permanent elevation of its
vlood level [28]. A permanent increase in blood level and the low molecular
wetght of VC facilitate a rapid extravascular distribution of the chemical
f28]. One can assume, that during a continuous exposure of pregnant rats
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TABLE 1

FINDINGS OF DISSECTION AND SKELETAL INVESTIGATION OF FETUSES

Treatment

Inhalation 24 hiday of pregnancy

Air vch Air
1-9 19 1-9

Air
14—-21

S.c. injection days of pregnancy

Phys. sal* Phys.sal Trypan h*
1—8 T—8 7-—8

Trypan b
7—8

No. of litLlers examined
No. of live fetuses

ExLevnal malformalions
Exencephaly
Umbilical hernia

Nea of Tetuses dissecled

Internal mallormations
Inlernal hydrocephalus
Anophihalmia
Microphl halmia
Polycyslic lungs
Thymus wilh processus

Pyeleclasia
Mibastion of arinary bladiler

R T L . PR i

Neo et

Sheliein) retanlation signs
Poarlyv osarfied siernehrae

Bipart. vertehia contra
Sherctvrcc ,of o

BRI NTFITNE B PR TOV

13 1" 13

171 223

LU R,

1.}




Mo o by e s Tetpses

Skeletat retardalion signs
Paorly ossilied sternebrae
Bipart. vertebra contra
Shortness of 13th rib.

Skeletal anomalies
Fuserd sternchrae
Supernumerary rihs.

Skelctal mallormations
Missing orbita
Multiplex

* 0.5 ml/100 g body wt /day.
B 4000 mgim® (1500 ppm).
€ 0.5 mlf100 g body wt./day of 1% (w/{v) solulicn,




to VC the fetuses like the mothers are also permanently exposed. Our
detection of VC in the amniotic fluid and in the blood of fetuses of
pregnant rats exposed on the 18th day of gestation (Table II} justify this
assumption.

In order to study the possible teratogenic and embryotoxic effects of the
compound, rats were exposed to VC at 4000 mg/m?® (1500 ppm) atmos-
pheric concentration continuousiy during the first, second or third week.
of pregnancy. In spite of the exposure at this very high level of concentra-
tion no obvious alteration in the behaviour of experimental animals was
observed; their food and water consumption and weight gain did not differ
from that of the controls and activation of self protective mechanisms [29]
was not seen either.

Although our study of the great number of fetuses gave essentially
negative results, some tendencies found — not reaching the level of signifi-

- cance ~— might deserve further attention.

There was an increase in the number of resorbed fetuses in the groups
subjected to VC during the first and second week of pregnancy. Though the
increase in the number of implantations and higher birth rate might explain
this difference in the group exposed during the second week; no increase in
the number of implants was seen in the rats exposed during the first week.
Thus it is most probable that the toxic effects of VC might explain the
increased fetal loss close to the level of significance (P = 0.05). This is all

" the more probable, because toxic agents independent of their chemical
nature have been shown to result in similar embryotoxic effects, when
applied during the first third of pregnancy [30].

Among the offspring of mothers exposed to VC during the first week of
pregnancy one case of microphthalmia and an other case of anophthalmia
occurred. In spite of the fact that this was not consistent with a significant
increase in the incidence of congenital malformations, these cases deserve
further attention for the following reasons. None of these malformations was
observed in the group exposed to air in the chamber, or in the untreated
controls. Both malformations are related to the central nervous system, and
an increased incidence of congenital malformations of the central nervous
system have been brought into causal relationship with VC exposure by
Infante [18].

On the basis of our resuits VC exposure in itself has no teratogenic effect
in CFY rats, but an embryotoxic effect of VC exposure during the early
stages of pregnancy at high atmospheric concentrations should be taken into
consideration.

A similar lack of teratogenic effect of VC has been reported by John et al.
(22]. Their conclusion is based on studies of the effect of VC applied during

. arbitrarily chosen short periods of organogenesis. One could emphasize here
that it is a minimal requirement of experimental studies aimed to reveal the
teratogenic effect of any particular chemical that the pregnant mothers are
exposed to the chemical in such a way as to provide continuous exposure of the
fetuses during the whole period of organogenesis. The fulfilment of this
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requirement is particularly important with VC and other toxic agents taken
up by inhalation and exhaled rapidly. In our view the teratogenic effect of a
chemical cannot be excluded in studies using shorter exposure times than the
whole period of organogenesis.

We are not aware of any data on the effect of VC in early pregnancy. Even if
the results of our animal experiments cannot be applied directly to the
human and considering that an exposure to VC at 250 ppm atmospheric
concentration would result in the saturation of the metabolizing capacity of
VC [31], the hazards of an occupational exposure of women in the fertile
age requires thorough consideration.

Infante-! 18] claims that the high incidence of congenital malformations
of the central nervous system in the neighbourhood of PVC producing plants
is due to VC. Edmonds et al. [19] were not able to confirm this view. In this
context we studied the possibility that even if VC has no teratogenic effect .
to induce malformations of the central nervous system it might potentiate
a teratogenic effect of other agents. Trypan blue has been reported to be
embryotoxic and bring about malformations of the nervous system [32—34].
Negative results have been obtained in this respect; a concomittant exposure
to VC did not affect either the teratogenic or the embryotoxic effects of
trvpan blue. as no higher incidence of congenital neural malformations
exencephaly. anophthalmia, microphthalmia, aplasia of the orbit) or higher
feral losses were encountered in the group with combined VC and trypan
olue treatment,
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TRANSLATION;

Ungvary, Gy., A, Ruddk, E. Tdtrail, M. Lbrincz, and G, Folly: STUDY OF THE
TERATOGENIC AND EMBRYOTOXIC EFFECT OF VINYL CHLORIDE IN CFY RATS*. (A vinil-
klorid teratogén é&s embriotoxikus hatdsdnak vizsgdlata CFY patkinyokon.)
Egésraségtudomany, Vol. 21, pp. 363-369, 1977. National Institute of Occupa-
tional and Industrial Hygiene and Hungarian Academy of Sclences Research In-
stitute of Experimental Medicine, Budapest.

Gy Ungvéry, Aranks Hudék Erzsébet Thtrai, M. Lérinosr, G.
Folly: Study ef the Teratogeniec and Embryoteric Effact of Vinyl Chloride in CFY Rats

CFY rats in the 8-——14 days of gestation wers kept in inhaletion chambers which ware conting-
ously ventilated vertically with air containing 4000 mg/m* (co 1500 ppm) vinyl chloride. Two
control groups of the ssme gestation time were used. The first group waa kept in a chamber
ventilated with clean sir and the sscond one under normal snimal-bouse conditions. The snimals
were sacrificed on the 21st dey of gestation and the offsprings were subjected to taratological studies.
Groups of 3 CFY rata on thw 18th day of gestation were subjected to inhslation with vinyl chloride
of 5.500, 18,000 and 33.000 mg/m* concentration respectively for two and a half hour snd the
vinyl chloride concentration was determined in the blood of the mothers and offsprings and in the
amniotic fluids. The vinyl chloride failad to have teratogenio effect. Applied in the middle third
period of gestation the above mentioned concentration did not induos embryotoxic effect. The
vinyl chloride gets through the placents of the rat foetus and it is demonstrable in the fostal blood
and amniotia fluid.

Vinyl chloride (VC) is in 23rd place on the list of the 50 mo;t widely
used industrial chemicals. The yearly vinyl chloride production is ca. 8 bil-
lion kg (Teynolds et al. [20]) -- 2.3 billion kg in the U.S.A. (Boden [2]), and
several million kg in Hungary. VC has a carcinogenic effect in rats, mice, and
hamsters (Viola et al, [26], Maltoni and Lefemine [15, 16]). The first human
case of hepatic angiosarcoma for which a causal relationship with exposure to
VC could be demonstrated was autopsied in 1973 and published in 1974 [Creech
and Johnsson [3]). In the WHO International Agency for Research'on Cancer In-
ternational Technical Report, 14 reported cases of hepatic angilosarcoma were |
mentioned in June 1974, and already 43 reported cases were mentioned in January

1975 [27, 29]. The occurrence of hepatic angiosarcoma due to exposure to VC

*Based on research conducted on the subject "Toxicological Research on In-
dustrial Chemicals. Investigation of the Teratogenic and Mutagenic Effects of

Vinyl Chloride'", accepted for the ministry level research project No. EG M 4:
"Public Health Protection...".
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has been corroborated by several authors (Thomas and Popper [25], Makk et al,
[13]), Smith et al., [22], Zimmermann and Eck [31], etc.).

After the confirmation of the carcinogenic effect, light was soon shed on
the mutagenic effect of VC as well (more exactly, of chloroethylene oxide, a
metabolite of VC) (Bartsch et al. [1l], Malaveille et al. [1l4], Huberman et al.
[9], Loprieno et al. [1l], Rannug et al. [19], Barro et al. [7], etc.). Chromo-
some aberrations in persons exposed to VC for variable lengths of time have
also been reported (Ducatman et al. [4], Funes-Cravioto [6], Szentesi et al.
124]).

Data on the teratogenic effect of VC are scanty, and the results of the
epidemiological surveys are inconclusive. An increased incidence of malforma-
tions of the central nervous system due to VC in the vicinity of PVC polymeriz-
ing plants was reported by Infante (cited by Edmonds et al. [5]). Edmonds et
al, [5)], rechecking the relationship with VC, were unable to confirm these data.
Infante et al. [10}], who examined the wives of workers handling VC, observed
increased fetal loss; this report was not considered accurate by Paddle [18]
from a methodological point of view. Experimental studies were reported only
by Schwetz et al. [21]: short-term exposure to VC at a concentration of 300
prm for 7 hours/day during organogenesis failed to elicit a teratogenic effect
in $-D rats, CF-1 mice, and N-Z rabbits.

Exact ana detailed experimental teratological studies are definitely jus-
tiffed by the production of large amounts of VC, its wide use in the form of
PVC, by the large number of persons exposed to VC, as well as by the demon-
strated carcinogenic and mutagenic effects of the substance, and by the contro-
versial epidemiological results.

In our study, we wished to examine the teratogenic or embryotoxic effect
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of VC in rats. We also wished to determine if the VC inhaled by the mother is
able to pass into the fetus through the placenta, thereby causing direct fetal
exposure,

Female CFY rats weighing 240-280 g were mated in a harem gystem. We con-~
sidered the day on the morning of which sperm were found in the vaginal smears
taken daily from the animals was considered day 1 of the pregnancy. The ani-
mals were kept on standard LATI feed and tap water ad libitum throughout the
experiment. The animals were weighed weekly,

From day 8 to 14 of the pregnancy, 28 animals were kept in two chambers
with a volume of 0.13 m3 eaéh, through which air containing 4,000 mg/m® VC was
circulated in a vertical direction at a rate of 2 m3/hour. The temperature was
24-25°C and the humidity was 50-55% in the chambers. The VC conceﬁtration in
the air of the chambers was measured by means of a Hewlett-Packard 5840 A digi-
tal gas chromatograph,

Fourteen control animals were kept in a similar chamber, through which
only clean air was circulated, between days 8 and 14 of the pregnancy. Twenty-
eight animals were Qsed as untreated controls.

On day 21 of pregnancy the animals were killed by ether anesthesia, After
opening of the abdominal wall, the uterine horns were opened, and the position -
and number of the live, dead, and resorbed fetuses were recorded: The fetuses
and placentae were removed one by one, examined, and weighed. Half of the
fetuses from each mother were fixed in Bouin's fluid and then autopsied under
a steromicroscope (Wilson [29]). The other half of the fetuses were stained
with alizarin S after fixing with alcohol (Staples and Schnell [23]) for the

examination of the skeletal system. The mothers were autopsied and the livers

removed and weighed.
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Graups of 3 animals were exposed to VC concentrations of 5,500, 18,000,
and 33,000 mg/ms. respectively, for 2.5 hours on day 18 of pregnancy. We de-
termined the VC levels‘in the maternal and fetal blood and in the amniotic
fluid to clarify the transplacental passage of this substance into the fetuses,
The method described by L¥rincz [12] was used to determine the VC.

The data obtained were subjected to statistical analysis: we calculated
the arithmetic means and standard error and employed the "two-tailed" [unsure
of this -- Tr. Ed.] ¢t test. We considered the litter (pregnant female) as a
teratological unit (Haseman and Hogan [8]); we determined the incidence of all
affected fetuses per litter: The statistical decisions were made by means f

the Mann-Whitney U test performed with these incidences,

RESULTS

There was no maternal mortality. The gain in weight during.pregnancy, ex~
pressed in % of the initial body weight, showed no differences among the three
groups (Table 1).

The number of resorbed fetuses, as well as the fetal loss, expressed in 2
of the total number of implants, showed no statistically significant differences
among the three groups, even though the number of resorbed fetuses‘was higher
in the group which had inhaled VC; the number of implanted fetuses was also
higher in this group (Tables 1 and 2). There were only two dead fetuses in the
exper iments: one in the group exposed to air, and another in the untreated con-
trol group, The average fetal and placental weights, as well as the ratio of
the underweight fetuses (below 3.3 g) showed no significant differences among
the three groups (Table 1).

The liver of the mothers inhaling VC was enlarged in terms of both the
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TABLE 1. DISTRIBUTION OF THE MOTHERS AND FETUSES IN THE GROUPS AND SOME CHARACTERISTIC PARA-

METERS. KEY:

(a) treatment; (b) number of mothers; (c) gain in weightl, Z; (d) number of fetuses;
(e) fetal loss?, %; (f) average number of fetuses/mother; (g) average fetal weight, g; (h) average

placental weight, g; (i) underweight fetuses>, ¥; (i) inhalatfon of air between days 8 to 14 of
pregnancy; (k) inhalation of vinyl chloride between days 8 to 14 of pregnancy; (1) live; and (m)

resorbed, dead.

Anydk Testsily- ¢ wk-ﬁdm' magrati dilag dtlag dtlug  twilyectandidt
K(“')“i szhma mu‘;:xih' as rusorbedlt wu.;dg‘ magzat- n.ulu'gus- pl.:ﬂoenu- ;. magaatohd
a anys 8 y § Y
®) | @) P (e) {8} s ey
- 28 63451 | 315 1 3,37 1,254 3854 ostx | 280
1,23 0,64 0,02 0,005 !
a terheesig 8—14. () M| 938 | 187 8 3,18 11,30+ .96 0,65+ 6,30
napjin 1,85 0,81 0,04 0,007
vinliklorid inhalicié
s terhosség 8—14. 28 51,704 | 874 1 454 13,304 3,984 0,62+ 3,21
aspjin (k) 112 0,37 0,02 0,004

lExpressed in X of the initial body weight.

2Number of resorbed and dead fetuses, expressed in X of the total number of implantations

(live + dead + resorbed fetuses).

SNumber of fetuses weighing less than 3.3 g, expressed in X of all live fetuses.




TABLE 2,. INCIDENCE OF FETAL RESORETION.  KEY; (a) number of
implanted fetuses per litter; (b) number of resorbed fetusas
per litter; (c) untreated controls; (d) inhalation of air; and
(e) exposure to vinyl chloride.

A x

Resorbedlt magea-
tok ldx::n csalddon- kezeletion lavegs vinilklorid
. kontroll inhalbsié inhaldoié
Implantilédots ¢:)) () ) Ce)
magzatok szhms  (a)
caslddonkéns 0 1 3 0 1 12 0 1 32
3 1
4
s i
[]
7 1
8 i 1
] 1 1
10 2 1 1
11 [ 3 1 1
12 L 1 1 3 1
13 6 2 1 2 1 }
14 1 1 1 4 4
18 1 1 1 1|3 3
16 1 3 1
17 2

absolute liver weight and thellive.r weight expressed in % of the body weight.
The latter value was‘a].so calculated for the adjusted body weight of the mothers
(difference between the maternal body weight and the total weight of the fe-
tuses and placenta). The difference proved to be significant in this case as
well (Table 3).

Macroscopically visible developmental malformation was seen in only 1 out
of the 847 embryos exsmined, in the group inhaling VC. The vertébral column of
this underweight (3.0 g) fetus was excessively curved. Staining with alizarin
S revealed the absence of thoracic vertebrae V, VI, and VII, and irregular,
malformed vertebrae above and below the gap. Left riba Nos. 5, 6, and 7 and
right ribs Nos. 5 and 6 were also missing, and ribs 7 and 8 showed a blade-
shapc;.d fusion.

Autopsy of the fetuses revealed the following internal anomalies: thymus




TABLE 3.

LIVER WELGHT OF THE ANIMALS.

KEY:

EFFECT OF VINYL CHLORIDE ON THE BODY WELGHT AND
(a) treatment; (b) number

of mothers; (c) body weight at time of sacrifice, g; (d) liver
(e). liver weight/body weight, Z; (f) liver weight/
body weight, %; (g) inhalation of air between days
8 to 14 of pregnancy; and (h) inhalation of vinyl chloride be-

weight, g ‘I

/adjusted

tween days 8 to 14 of pregnaney.

! Olésd I Méjjrente | Majjredn.
Komide Asydk | metaily Mjrtly b o e
(a) O le) & k) (e) % (8%
299,04 15614 | 389 ‘
- 14 8,20 0,31 o8> oo
() :
.t g 14 380,0 15,48 4,
8-—I4. napjén 8,80d= 8:67:!: 0,05:h ::8;*
iadlido !::“ inhaldoié .
. 28 395,0 16,851 2040
8—14. napjin () 3.73: 0,31 * ;,O:d: ::g: £

lMaternal weight -- (weight of fetuses + placentas).
*p <0,05.

*%p <0.01.

with appendage, thymic hypoplasia, hydrocephalus internus, wide renal pelvis,
dilated ureter, and dilated urinary bladder. All these anomalies were seen in
the group inhaling VC at the same frequency as in the control group.

The fetal skeletal system was examined by alizarin S staining. We found
the following anomalies, Signs of skeletal retardation: broad cranial fusions,
large fontanels; two or more of the 6 vasification certers of the sternum are
missing, or the majority of the ossification centers are hypoplastic; the-
cores of the ventral vertebral bodies are dumbbell-shaped or reduplicated, and
rib No, 13 1s of reduced length., Skeletal anomales: fused, irregular ossifi-
cation centers in the sternum; supernumerary ribs or rib pairs. While the

frequency of the signs of retardation was numerically higher in the group in-

haling air than in the untreated controls and in the group inhaling VC, there

7
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was no statistically significant difference either in the frequency of these

signs or in the frequency of the anomalies (Table 4).

TABLE 4. INCIDENCE OF SIGNS OF SKELETAL RE=-
TARDATION. KEY: (a) number of affected/ex-
amined fetuses per litter; (b) number of lit-
ters; (c¢) untreated coantrols; (d) inhalation
of air; and (e) inhalation of vinyl chloride,

Conlédonként (b) caalidok sxims
(8) érintett/vizagdls kezeletlen lovegs

vinilklorid

magaatok szhma i i :
eyt | opgiss | lopatos

0/9
08
07
076
0/8
Of4
0/3
o
1/8 1
1/6
2/8
2/4
38
47 1

5]
A QD 00 B =

- Gl e g
- b

syt b b

Multiple skeletal developmental malformation was found in a single fetus
from the VC group, which was already mentioned.

A considerable VC concemtration was found in the blood of the mothers ex-
posed to VC conc;ntratinns of 5,500, 18,000, or 33,000 mg/m3 for 2.5 hours on
day 18 of pregnancy, as well as in the blood of thelr fetusea. VC was also.

detectable in the amniotic fluid (Table 5).

DISCUSSION

To investigate the effect of VC on organogenesis, we exposed the rats t
ca. 1,500 ppm (4,000 mg/m3) VC in the air continuously between days 8 and 14

of pregnancy. This concentration is 80 times higher than the MAC effective in

uce
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TABLE 5. VINYL CHLORID§ CONCENTRATIONS.
KEY: (a) chamber, mg/m”; (b) maternal

blood, nug/ml; (c) fetal blood, ug/ml; and
(d) amniotic fluid, yg/ml.

Kamra Anyal vér Magzati vér 7 Magsatvix
mg/w® (3] (b) xa/mi (¢) #g/ml Ld) Ag/ml
0 0%o0 040 040
8 500 19,02 4. 1,70 12,80 + 1,92 €27 4. 0,42
18 000 32,40 1 2,13 22,07 4+ 3,75 4,93 & 0,18
33 000 48,43 1 1,95 30,52 4 3,77 13,50 & 2,99

Euﬁgnry (MAC value in Hungatry: 50 mg/m® = ca. 20 ppm), i.e., it is a high con-
centration, Yet this high VC concentration failed to cause any noticeable
change in the animals' behavior: their feed and water consumption was the same
as that of the controls, and there was, in principle, no reason tolexpect the
so-called "self-protective meghanism"uinducing effect of VC, either (Reynolds
et al. [20]). We should mention, however, that the liver weight of the animals
exposed to VC was increased, and the cause is currently unknown. Coutinuous
exposure generates a steady VC level in the blood of rats (Withey [30]). This
steady blood level and the rapid interatitial migration of the low-molecular-
weight VC (Withey [30]) suggest that not only the mothers, but alsé the fe-
tuses are exposed to VC steadily. This is also supported by the results re-
ported in this paper; VC was detectable in the blood of the mothers exposed
on day 18 of pregnancy, and also in the fetal blood, as well as in the amniotic
fluid. The hemoendothelial placenta of the rat represents no barrier to VC.
These examinations, carried out on a large number of fetuses, have
basically yielded a negative result. Yet two findings which, though not sig-

nificant statistically, show a numerical difference, deserve to be analyzed

briefly:
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1. The number of resorbed fetuses was increased in the group. inhaling VC;
the number of implantations as well as the number of the live fetuses per mother
were also higher in this group. The increased resorption may possibly be at-
tributed to the higher number of implantations.

2. The frequency of the signs of skeletal retardation was numerically
higher in the group inhaling afr than in the group exposed to VC; this value
wvas higher in both these groups than in the untreated control group. This
phenomenon can be explained by the stresaful effect of the unusual environment
in the inhalation chambers. The stress effect was fended off partially by the
VC, having a narcotic effecé.

Congequently, it cen be said in the light of theéde results that VC as such
is not teratogenic in CFY rats, nor does it have an embryotoxic effect in the
concentration applied in this species. Schwetz et al, [21] also arrived at a
similar conclusion, Bowever, they drew their conclusion on the basis of ex-
aminations following exposures during short, arbitrarily chosea periods of
organogenesis, We wish to emphasize the importance of exposure of the animals
to the test subatance at all relevant moments of organogenesis in experimental
teratology. Tﬁis is especially important in the case of such rapidly excreted
inhaled toxic substances as VC. Therefore, we believe that the geratogenic
effect of this substance can be ruled out only on the basis of examinations
following exposure covering the entire duration of organogenesis, as was em-
ployed in our experiment.

We wish to express our thanks to Ms. ;gnes Csonka and Gybrgy Krasznai for

their consclentious and time~consuming technical assistance.
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