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Occasional Survey

GENETIC RISKS OF VINYL CHLORIDE
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| Control; and School of Public Heaith, Unrvernity of North
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A study of pregnancy outcome among
wives of workers exposed to vinvi-chlor-
ide monomer (v.c.m.) indicated that, in companson
with controls, there was a significant excess fetal loss in
the group whose husbands had a pnmary exposure to
v.C.M., whereas no differences between the groups were
observed before the husbands’ exposures. The difference
in fetal death-rates for the post-exposure comparisons
was a reflection of a greater feral loss associated with the
wives younger-aged husbands. The significant excess did
not seem to be the result of bias from mterviewers,
spondents, nor from women who had expgft
chronic abortions weighung the results,
in conjunction with the demonstr
response via microbal test svstems
tions of significant excesses of chromgsomal aberrations
among workers exposed 10 V.C.M., raise scientific and
public-health concern for the possible geneuc nisks of
V.CM. to man.

Summary

N,

I the past year, several reports have indicated that
vinylchloride monomer \V.C.M.) is mutagenic in micro-
bial test systems.'”? v.c.M. metabolites also have 1n-
duced mutauons 1o mammaban cells.® Likewise, reports
from four countnies have shown an excess of chromoso-
mal aberrauons in lymphocvies of workers exposed 10
v.cM. compared with controls.**Y However, Purchase e1
al.” have stated (though no animal data were presented),
that the mutagenic effects of v.C.M. expressed as chro-
mosomal aberrations 1 lymphocytes in humans do not
oeour in germ cells 1n mice; they concluded that the
powential danger of mutagenic efiects on the fetus via
sperm seemed unlikely to exsst. In 2 study witheut con-
uols, Selikofl observed fetal death-rates among wives of
V.C.M. workers that ranged from 7 to 14 per 100 preg-
nancics.* These rates appear to have been higher than
axpected. t?

To develop further data on this question. pregnancy
outcome has been studied among the wives of workers
exposed to v.c.Mm. All current v.¢.m. polymensauon and
polyvinyl<hlonde (p,v.c.' tabncation workers were n-
cluded for study together with 2 sumilar number of cur-
rent rubber workers 8¢ of all such workers. sciected
from work areas relauvelv {rs2 from known toxic
materials and matskhed as a group to the v.¢.a. workers
by age. Group-parueipauon rates ranged from- 62 10
7% Dasa for the wnes of v.em. polvmersation
workers . primary v.C.m. proup: were contrasted with
data for the wives of r.v.c. fabncatson and robber
workers “‘controls™,, who were known 10 have had very
low or no v.C.M. exposure, respecuvely, A ot of 95
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v.c.M. polymensation and 158 rubber and r.v.c. fabri-
cation workerss were interviewed. Paternal age, preg-
nancy outcome, and estinates for the ume of conception
of all pregnancies were ascertained by interview in Oct-
ober, 1974, from males employed at a rubber manufac-
1uring, p.v.C. fabricaung, and v.c.M. polymenising facil-
ity. As part of a larger survey of worker health, date of
first employment n the job categories was determuned
from company records. Mean paternal age, total number
of conceptions, total number of fetal deaths (defined as
any product of concepuon not born alivej, and fetal
deaths per 100 conceptions were then computed for each
group prior to and subsequent o the worker's date of
employment. No interviews were conducied with
workers' wives and no data were obtained concerming
maternal age, except indirectly through paternal age.
Since fetal loss is known 10 increase with ascending
parcntal age, the fetal death-rates for the primary v.c.m.
exposute group were age-adjusted 1o the control group.
Table 1 shows the age-adjusted fetal death-rates
for wives of the~primary v.C.M. cxposure group

versus the ¢ p» both pnor to and subsequent

10 eac e ve exposures. Among pregnan-

(t or 10 exposure, fetal death-rates were
L gl

or 4he controls versus 617 (age-adiusted) for the

mary V.C.M. exposurc group. These rates were not
significantly different by Mantel-Haenszel Chi-square
testing.'? Among pregnancies occurnng subsequent 10
the husband's exposure, the difference in frequency of
fetal deaths between groups was significant  at
p<0-05 (73=4-00, df=1).}? Although the underlving dis-
tributions differed, mean paternai ages were virtually
the same—30-4 versus 30-2 years. The significant dif-
ference between®the grouns subscquent to exposure was
a reflection of a relatively greater fetal mortalnty-rate as-
sociated with vounger-aged husbands in the primary
V.C.M. exposure group. Among Pregnancies occurming
subsequent to exposure, the fetal morality-rates associ-
ated with husbands 30 years of age and older for tne pri-
mary v.c.M. exposure and control groups were 9/6%
{13.07¢) and 17/142 (12.0%), respecuvely; whereas, for

)
TABLE I~—MEAN PATERNAL AGE, NUMBER OF PREGNANCIES, AND FETAL
DEATM-RATES ACCORDING TO HUSBAND'S v.C. EXPOSURE

-_— Prunary
“Controly™s | V.Co4. capeavred
Pwrar 1o hustand's exporure;

“umber of farzihes 9% 70
Mezan parernal age

 concepton  yvr.' 230 6.4
Number of fetal

desths among wives 11 15
Number of pregrances 159 143
Age-adiued fetal

deathe 100 prees &9 1

SabiaJucn (o Ausegnd s exposure;

AT wl tatmaary 113 62
Mzan paerma dge

A Steruon ¥, 30-4 30.2
Number at tetal

Fleaths Jrung wne 23 ) |
Number

pPredmancees s 139
Agt-adisics tetal )

Jeatha 1K) peeg s i3 15.85

"Rudber and # V.0 ebniaumn worken,

"L plvingriuten workers

THates sue wdiwnied o contnd” eYoup PAerTa dor disrtbulon,

R PAISERE 1 ALABANLY 't eEvnure. tAE HITQUCRN Ol 1814 JEAthe JIEODE WHES
a0y ACDINCIRIN JTCJICT 4D 1R DTUTAFY {8 eRPOsurE ETUND B4R 0 e T Do
1T P 0 OF Th the wadt ZTOUP PRROF W Susband 'y expomure £ 0 02, by
ape-sdiuniod Chrmjuare testing *4
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TABLE [I=—MEAN PATERNAL AGL, NUMNBLIR OF PRIGHANCIES, AND FETAL
DEATH-EATES ACCORDING TO MUSRAND'S V.C. EXFOSCRE EXCLUDING
PREGNANCIES OF WOMEN WITH 2 3 FITAL DEATHS

- Prmary
“Controla™ | v.c.u. aposuret
Prior 1o kusband’s rxposure;

Mean paternal age .

81 conception . vr. | 3.0 6.3
Number of fa)

deaths among wives 11 9
Number of

pregranna 159 141
Age-adjusted fera!

deaths' 100 preg.d 69 31

Swbiequeni 1o husband's ezporure:

Mean paternal age

at concepuon vr.; 302 304
Numbxr of feral

deaths among snves 13 14
Number of

pregnanues 265 120
Agt-adustad feral

deathy' 100 preg3 (3 103

*Rubber and p v.C. fabncanon workem.
V€. polyocnsaton workers,
$Ruc agr-sdunial 10 “conuol” patcroal age dustnbunoa.
husbands less than 30 years of age, feral mortality was
14/70 (20.0%) for the primary v.C.M. exposure group
compared with 7/131 (5-3%) for the control group
(these data are not shown in tables.)

Furthermore, intragroup compansons indicated an
increasc in age-adjusted rates for the prumary v.C.M.
exposure group from 6-1% before exposure to 15-8%

also was significant, P<0-02 (3=5.51, df=1}."2 Sxmxl

735

ferences in recall. The interval, however, was estimated
10 have besn about two vears less for controls, suggest-
ing that, if a bizs did exist, 1 would have been towards
a greater ascertainment in the control group. In some
cases, the worker falled to indicate the ages of his
children and in other cases he was unable to recall the
approximate time of his wife's abortion; thercfore, the
data were analysed to determine the distnibution of fetal
death-rates among the respondents in each occupational
group who did not complete the interview properly. The
difference in feral death-rates between groups was very
slight.

Finally, the workers may have been subject to bias
resulting from prior knowledge of known hazards of
vinyl chloride. However, the workers themselves did not
always know into which of our cmplovmcm categones
they were being allocated. For exampie, several p.v.C.
fabrication workers who were included in the control
group thought that they had a pnmary v.c.M. exposure
as a fabricauon worker. In additon, the questions
regarding pregnancy oulcome were contained in 2 much
larger interview-queiiionnaire, the results of which
demonstrated very few sigmficant differences with no
consistent hias for the parameters ascertained between

. the workers with a primary v.C.M. exposure, and the

other groups. This observation as well as several others
presented above lend 1o support the validity of the
smdv.

e excess did not appear 10 be the result of bias

subsequent o the husband's exposure. This difference a 513“’5“1“ excess of fetal loss was
‘\7 se g wives of workers following exposure 10

companson for rates 1 the control group,
£-8%, indicated no significant dxﬁ:rc

To determine whether worsg
experienced abortions might ha 1
favour of a higher fetal death-r#t¥ in the primary v.c.M.
group subsequent to husband's exposure, pregnancies of
women who had more than two abortions were chim-
inated from the analyses and the data were recaleu-
lated 10 determmune whether or not the rend was main-
tained. The deaision 1o exclude all pregnancies among
families associated with more than two abortions was
made without pnior knowiedge of how these famulies
were distributed among the exposure categories. The
data in table 11 show that the trend was mamntained.
Prior 10 exposure, the feral death-rates in the control
and primary Vv.C.M. e¢xposurc groups were 6-9% and
3.1% {(age-adjusted., respecuvely, whereas, after expeo-
sure, the rates were 6-8% and 10-8%, respecuvely. Sub-
sequently, data were cumunated for pregnancies of
women who had expenenced, firstly, more "than one
abortion, and, sccondly, more than three abortons., and
each ume the trend was maintained. No changes in rates
for controls were observed. whereas a 2-3-fold increase
was observed in the primary v.C.M. group subscquent 1o
exposure.

To determine whether differences in fetal loss might
have been the result of one or two interviewers weight-
ing the results, the data were anaivsed bv individual in-
terviewer, The resuits demonstrated a general trend for
each interviewer 10 report a higher asceriamment
among v.c.M, polvmerisauon workers than among the
coniror group.

Further, the possibility was entertained that the inter- -

val between the Jdate of interview and the dare of tetal
loss might have intluenced the results through du-

rom interviewers or respondents, nor from women who
experienced chromic abortions weighung the results.
Several mechamsms by which such fetai loss mav anse
are suggested. Either fetal or maternal toxicity or germ-
cell mutagenesis in the mother through indirect v.c.m.
exposure from the father mught be considered, although
these mechanisms seem highly unitkelv in view of the
highly volaule nature of v.c.m.?? When the findings of
the present study are taken in conjunction with the pnor
demonstrauon of a mutagenic response via rmcrobial
test sysiems and observauons of sigmficant excesses of
chromosomal aberrations among workers exposed 1o
V.C.M., the leading possibility 1s germ-~cell damage in the
father through direct v.c.M. exposure. The increased
fetal mortality among wives of workers subsequent to
V.C.M. EXpOSUre nOw raises scrious scienunic and public-
health concern for the possible geneuc risks of vinyl
chlonde to man.

Requests for reprints showld be addressed 1o P.F.1,, N.L.O.S.H., Past
QOffice Budding, Room 515, Cinanpan, Ohio 45202, U.S.A.
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Mother E -rosettes (Fh)

Fig. 2--F-tusetting cclia in 13 matbe=sbohy pairs.

p< 0001, paired r test). For the E-resciting ¢clls the mean for
the mothers wos 68.3°¢ (s.p. 2-9'¢) ond for the babies 61.9
15.0. 2-77). This d:ifference 1o s significant p<0.001 and
the correlation cacffizient 15 also sspmbeant (r=0.74, r<0.008)
(fig. 2).

The E rocettes in the mothers ranged (rom 63°% 1o 7
had no qounts of hsm than S0°7 and congpr Hae xc
same way as Halbreeht ond Ko 1 1= fn

balnes ranged from §2'7 5 h 5 than" |hmr
figures and nearer the m of \§ d tv Camphcll e
al.} and Steel e al?
Thare 15 conmiderable vanaton in E-rosette counts due 10
technique, We wsed the method decenibed by Syernswiird et
al.? In testing each moiher and babv's cclls tojcther, howeser,
varmon due 1o techmgie chould not greatly atfeet the rauos,
‘The normal range of T cel's 1 newborn« 15 probablv wide,
However, our findings coremt that there 1€ g direct relation-
ship between the number of E-rosetting cells 1n some mothers
#nd thzir baties. Since these eells are the masor <ubrepulation
ot penipheral-Masd lympheeytes, 1 1s hkely that the correla-
ton between the total bood-lvmphacyvie counts 1s larpelv due
"o the correlanion between the F- -roscitng cefls I cellsy. This
rasses the pessibiluy thar these eell populations in the fetus are
tegulsied by maternal factors.
anh 1L Chibdecn's Huepaal,
Wemhewr M9 2AA N L K. Evans
Kol Mats bep Hhepaal, *
Findon WY 6] N. Vyramurne
¢ hrevve Hespaal and Yinh ’
R wlotuy brsuinree,
Manghester 840 YHA
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GENETIC RISKS OF VINYL CHLORIDE

Si— The assernien i the paper by Dy Intonie and has col-
leagoes. April 3 p 730 that * o surnivegnt eocees of Lotk lms
wan abwerved among wives follow e ceposies 1 v e Wt g
such s o hine pesihied i mese compiete presentannen.
Anv pacrtion of sich nnpertance should at feasy be sopporiad
B spectication of the merhads of data colloctien, and 4 abu-
Laton ot the ras data Betoge anadyen
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MR. M, FREIFELD
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‘The subject bang tpontancous abortion, the use of a gues-
noanire, and the ensang low responseerites, can be vicwd
sympatheucally, but owst detract from the accuracy of the
sudv. The data are presented onlv atter an age-adistment
procedure winch bohaves very nisleadimgly A crude peroent-
afrz of 10:1 for g sample whose averaps age 1 264 1 adiusied
wiolently downvaards 1o 6 1, while a bigure of 16§ for & wample
of averape age 30-2 95 only reduced morgmnaliv o 15 K I're-
sumably the adjustnient 15 berng done within the study and the
small sample sze 15 the canse ot this anomaly Tt would have
been better 1o b2ty adiosted all the lymiees 1n aceordance with
national tigures, but perhaps, i such o dehcate arca, such <at-
ishics are not avatlsbie or are unrchable,

1 s to be hoped that' the comgplere tudy wall be pubhished
without detay, with the above emissions rectificd, o that it wl!
te possible 1o put this, at present isolaied, question 1n conteal.
Central Mudical Groap.

Empenal Chemical In fustnes,
Wilmsluw, € hevhere SR QI
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SOCIAL STIGMA AND TURBERCULOSIS

Sia,—You have stared? that “Within the UK. wberculoss
it na lonper feared. It is widelv known to be curable wath hitle
inconvemence to the pauent and n carnies hittle, of any, socal
sugma”. Personal experience i Belfast showed that fear sull
existed in some patents beiore ther discase was explained to
them, Because of this we have tried to find out if social stygma
stll s,

parients with pulmoenary twberculusis amd 31
Ul ct chest chseases of smnlar ape, sex, and sogial
und,wbut thetr aittudes tow ards thewr diseasc. In the
0515 group oniy 2 of the 13 with a family histarv of
tuberculosss and 7 of the 19 withaut such a history knew that
it was sull posaible to develop the discase in Belfast. In fact.
there arc at presert about 100 new cases noutied each year n
2 population of 6C0 000,
- Only 17 of the 32 pauents with wherculosis knew that ther
diseass was mfoctions, 2 umversuy siudents were among the
rroup whe cthd pot know. A similar proporuen thought the dis-
€2se was i some way relared o an mherued weakness of the
chest.

Both the tubcrculosis group and the control group were
asked of they had any sense of shame or simular emotienal fecl-
tngs becavee of thar allness. § of the 31 control patents
expressed fechngs of infenory, shame, cmbarrassment, and a
sense of =ousal motanen, These were ail related 1o speanc
phvsical disabilitics such as cough. sputum, or dvepneea, 12 of .
the 32 wubcrculusis patients descnibed feelings of shume. in-
feriorny, and a fear of social ostracizm None of these attitudes
were related 1o specihic physical complaims,. The interview
with another pattent was cancelled due 10 obsvious embarrass-
ment and shame about discussing the disease. An addinenal 4
from the group of tuberculesis patienis stlthough now suiTening
from a direct cactal sngma about the drscase expressed it sense
of gt and shame ar the retlection of thar bite stvle Thow pa-
tients were mates who had been heavy dninkers with tanilies.
although none were alcohahics.

frrproved social condinions here 1n the past helped 1o redoe
the ancudence of pulmonury tuberculosis However, momam
large éities there » increnung aleohehsm, vvercrow ding, sgin
ung, and drup ek, av well s anwerease 0 the numburs
of old people. Such fettures mav arcest the downward trend
in pontheanione of the discase, 1 the lack of kpowledee aboat
wibereutoss gnd the continned soctal sema pot yust moelder b
FaenIs oust in ather areas of the T R then perhaps pos o

the tme 1o nerese bl cducaton thonr o pres sy
bty Lo
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