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ABSTRACT  Birth defects incidence for infants born to residents of Sha-
winigan, Canada in 1966-1979 were significantly higher than in three compar-
tson communities. Since there has been a viny! chloride polymerization plant
in this town since 1943 from which ten cases of angiosarcoma of the liver have
been 1dentified, this study explores the possible association between exposure
to viny! chloride monomer (VCM) in ambient air and the occurrence of birth
defects in the community. The excess of birth defects fluctuated seasonally in
a way that corresponded to changes in VCM concentration in the environment.
Mothers who gave birth to malformed children were younger on average in
Shawinigan than in the comparison communities. However, there was no
excess of still-births in Shawinigan. The excess 1n birth defects involved most
organ systems, and vaniation in birth-defect rates among school districts could
nat be accounted for by estumates of VCM 1n the atmgqsphere. The occupational
and residential histories of parents who gave birth to malformed infants were
compared with those of parents of normal infants. The two groups did not
differ 1n occupational exposure or closeness of residence to the vinyl chloride
poivmerization plant. Some descriptive data from this study raised the hypoth-
esis of an association between VCM in the air and birth defects in the exposed
community, but as a whole, within the sample size available, such an associa-
tion could not be substantiated.

Vinyl chloride monomer (VCM) 1s carcino-
genic 1n amimals (Viola et al,, '71; Maltoni
and Lefemine, '74,’75) and man (Creech and
Johnson, '74; Thomas and Popper, "75; Makk
et al., '76; Delorme and Thériault, '78; Mon.
son et al., '74; Waxweiler et al., '76). It is
mutagenic in man: Chromosome breaks have
been observed in lymphocytes of workers ex-
posed to VCM (Funes-Cravioto et al., '75; Du-
catrnan et al, '75; Fleig and Thiess, '78;
Léonard et al., '77, Hansteen et al., '78; Ku-
cerova et al., '79), in microbial tests, in Dro-
sophila, in yeast, and in mammalian cells
(Drevon and K *79; Bartsch and Mon.
tesano, '75; -t al., "76; Magnusson
and Ramel, "76) generates mutations
primarily through™ese of its metabolites,
chloroethylene oxide, and with the involve-
ment of liver microsomal enzymes (Bartsch
and Montesano, '75; Vainio, '78; Rannug et
al., '74; Green and Hathway, *78). Although
miscarriages and fetal losses among the
wives of exposed workers have been sus-
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pected (Infante et al., '76), such an effect re-
tnains undocumented (MacMahon, '77:
Downs et al,, "77). VCM teratogenicity has
yet to be documented. VCM was present in
the fetal and maternal blood and the am-
nuotic fluid of pregnant rats after exposure o
contaminated air (Ungvary et al., '78). Two
studies of VCM teratogenicity in animals
(Ungvary et al., '78; John et al., '77) failed to
demonstrate fetal malformations but showed
increased fetal mortality rates.

. VCM mutagenicity and possible teratogen-

icity in man raised the question of the origin
of birth defects in communities near VCM-
emitting plants.

At norma! temperature and pressure, VCM
is a gas; it liquifies at —13°C. It is processed
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into  polyvinyl chlonde (PCV, a plastic)
through polymerization reactions in auto-
claves. The gas is released into the environ-
ment during unloading, processing. and
autoclave-cleaming operations The concen-
wration of VCM to which peopie \n the com-
munity are exposed depends on production
rate, wind direction. wind veloaity. and dis-
tance from the plant.

In Shawinigan (population 27,000), a vinyl
chloride polymerization plant has been in op-
eration since 1943, The plant, which employs
about 250 workers, current!y produces 25,000
tongvear of PCV Ten cases of angiosarcoma
of the liver have been reported among work
ers at this plant. In addition, Shawinigan has
two other chemical plants, one aluminum
electrolysis plant, one carbide plant, and one
pulp and paper mill. Several pollutants are
discharged into the environment.

This study pursues four objectives. First, to
compare the birth-defect and stillbirth rates
in Shawimigan with other communities in an
attempt to document the high birth-defect
rates previously observed in this town; sec-
ond, to correlate monthly and seasonal vari-
ations of birth defects with concentration of
VCM 1n the environment; third. to correlate
geographic vamation i1n birth-defect rates
with estimates of VCM 1n the air 1n the sev-
eral residential areas: and finally, o0 com-
pare a group of parents who gave birth to
malformed infants with a control group with
respect to residential and occupational his-
tory, as well as exposure w0 other risk factors
known to generate birth defects.

METHODS
Study population and observation periods

For the assessment of birth-defect rates,
the population comprised all women who de-
livered durning the study period and whose
residence was within the city limits of the
study or the comparison communities at the
time of delivery. It extended from January 1,
1966, to December 31, 1979. The starting year
1966 was selected because, due to hospital
reorganizations, the information was unob-
tainable in a switable form prior to that date.
The casecontrol stody was limited to a
shorter period (Janusyy 1, 1973, to December
31, 1979 because 8 required information
based on the mothers’ recollection of events
during their pregnancies. It included only
Shawinigan mothers who gave birth to a
malformed child and their controls.

Definutwon of ¢ birth defect

A birth defect was defined as a gross phys-
ical anomaly present at birth or detectea at
the hosoital during the first davs after delbiv-
erv iw:ithin the first 4-6 davs) A hst of birth
defects 1o be included in the study wasdrawn
beforenand and only those that fit tus list
were retained

Two major difficulties were encountered.
In birth defects of the cardiovascular svstem,
1t soon bezame apparent that in several hos.
pitals. no diagnoses other than murmurs of
the heart were reported, whereas in other
nospitals te.g., Shawimgan), thorough inves.
tigations were conducted. ieading to precise
diagrnioses. Consequently only heart mur-
murs judged severe enough were included 1n
the study, under a separate category Sever
ity and sigruficance of heart murmurs were
assessed by consulting the children’s subse-
quent medical records.

Although such minor defects as metatarsus
varus. calcaneum varus and valgus, metatar-
sus adductus, and abnormal positioning of
fingers or toes were not included in the study,
foot anomalies which required either a cast
or surgery for correction in the vear follow.
ing birth, were considered defects

Comparison communities

To assess the importance of the excess of
birth defects in Shawinigan. three compar:
son communities were chosen, basec on their
similamty to Shawinigan n population size
and structure, socloeconomic level. and med-
ical-care facilities (Table 1). In order w take
into account the influence of environmental
pollution. one town with an aluminum plant
but no VCM-emutting plant (Baie-Comeau~
Hauterive) and two towns with neither a
VCM nor an aluminum plant (Drummond-
ville and Rimouski) were chosen as control
communities. The recourse to referent com-
munities was necessary because no accurate
national or provincial data were avatilable.

Data sources

- The Quebec Population Registry provided
the annual numbers of births and stillbirths
in the communities; as the 1979 data were
not available, numbers were estimated from
the 3 preceding years. The Quebec Ministry
of Social Affairs provided a list of hospitals
where women residing in these communities
gave birth during the study period. The
School Board of Shawinugan furnished the
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. | - school district boundaries. Birth-defect chil-
‘ dren and controls were dentified and data
were collected from several medical {iles in’
the hospitals (delivery.-room daybooks. birth-
defect rosters. discharge lists, mothers’ and
children’s medical files, and birth rosters..
For two referent communities (Baie-Co-
meau-Hauterive and Rimousk:) our physi-
cian reviewed the files not only of known
malformation cases. but of ail newborns, to
ensure that all cases had been reported
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Malformed infants born to mothers who
resided in the study cornmunities were iden-
tified from the birth-defect rosters and the
departure lists of the delivery hospitals. A
physician reviewed the medical {iles and de-
cided whether or not each infant met the
definition of a birth-defect child. When 1n
doubt, he referred to consultation reports or
specialists’ advice. In the case-control study,
mothers of all affected infants and matched
controls were interviewed at home by two
medical students.
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Each control was a live-born infant without
congenita!l malformation whose parents re-
sided in Shawinigan and whose birth imme-
diately followed that of the malformed child.
Cases and controls were matched by mater-
nal age within 2 years, sex of the infant. and
place of residence of the mother (within the
city limits of Shawinigan).
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Estimates of VCM air concentrations

Two studies were conducted to assess the
VCM concentration in ambient air in Sha-
winigan (Thénault et al., '81). The first con
sisted 1n actual measurements of VCM on
air samples in several locations in town Field
sampling was done with Bendix BDX 44
Super Sampler pumps, VCM was absorbed
on activated charcoal, and samples were ana-
lyzed with a Perkin-Elmer model F-42 head-
space analyzer gas chromatograph. The
desorbent was N,N-dimethylacetamide in
water. This first pilot study reached the fol-
lowing conclusions: VCM air concentration
varied from nothing to 45 ppb; during winter,
VCM accurnulated in the snow in the vicin.
ity of the plant; VCM concentration differed
between 1ndoor and outdoor samples.

Considering the high cost of a comprehen-
sive air-monitoring program and the results
of the first study, ambient VCM concentra-
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tion in various locations in Shawinigan was
estimated by a consultant firm using a dis-
persion mode! This mode! used the Pasquill-
Gifford equations and allowed the develop-
ment of 1sopleths of vinyl chlorde concentra-
tion over Shawinigan. It empioved meteoro-
logical variables (such as wind direction and
velocity, rainfall, humuiditv. and tempera.
ture), and topographic variables Ginecluding
butldings), as well as sucn variables as pro-
duction, emissions, and plume height.

Statistical analvsis

Chi-squared analvses were used to test dif-
ferences between groups Degree of signifi-
cance was based on Bailar and Ederer's ('64)
“Ratio of Poisson Variable to its Expecta-
tion.”

RESULTS
Birth defects in Shawinigan

From January 1966 through December
1979, there were 4.534 live births and 33
stillbirths in Shawinigan Of the live infants,
150 had birth defects, and of the stillbirths,
nine had birth defects As shown tn Table 2,
the birth defects reported most frequently
were those of the musculoskeletal svstem.
followed by the cardiovascular. central nerv-
ous, and urogenital svstems. The ages of the
mothers at delivery did not differ signifi-
cantly among the various tvpes of birth de-
fect. The gestation periods were shorter for
infants with defects of the central nervous
system.

The vearly numbers of malformed children
per 100 births varied from 1.88 (in 1969) to
6.84 (in 1973, with an overall ratio of 3.48.
Detailed analysis of the monthly distribution
of birth defects and the distribution by af
fected svstem for the year 1973 showed no
single large increase that could account for
the high ratioc observed that year. Nor did
the veariv distribution by system show any
particular feature that could account for the
annual variation in the overall ratios. Fur.
thermore, birth-defect ratios did not increase
or decrease with time,

Shawtnigan and the comparison
communities

As can be seen in Table 3, the observed
numbers of malformed children in Shawini-
gan were higher than would be expected
based on the rates observed in each compari-
son community or in all three comparison
communities together. The excess occurred
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in the central nervous, cardiovascular, ure-
gerutal, and musculoskeletal systems. and in
the eye and ear. anc the chest

The malformation rates were greater 1n all
vears except 1869 and 1972 (Table 4) The
number of stillbirths differed only between
Snawimgan and Drummondville, where they
were signuficantly nigher (Table 5) The pro-
portion of malformed children among the
sullborn was higher 1n Shawimgan (27.3%)
than in the comparison communities (total,
12 4% Drummondville, 15.3%, Bawe-Co-
meau-Hauterive, 10.0%. Rimouski, 102%,
chi-square with Yates correction = 407, P =
0.04). This 15 consistent with previous find-
; ings of an excess of birth defects 1n Shawini-
§ gan.
:{ Mothers who gave birth to malformed chil-
l dren were significantly younger 1n Shawini-
gan than 1n the comparison communities for
all malformations combined and for defects
of the CNS, mouth and upper airways, and
eve and ear Children in Shawinigan did not
| differ from those in the comparison commu-
[ nities in mean gestational age at birth.
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Seasonal vartation in birth-defect rates

Figure*} compares the monthly birth.
defect rates in Shawinigan with those for
Drummondville and Rimouski. The Shawin-
igan curve 1s V.shaped, with the lowest rates
in the summer, whereas the curve for the
comparison communities 1s flatter. Seasonal
variation in birth-defect rates was compared
between Shawinigan and the other three
communities using Edward’s method for
testing seasonality of events, as modified by
Walter (Walter and Elwood, '75). There was
a significant seasonal variation in Shawini-
gan, with the highest rates in March and the
lowest 1n September; no such variation was
observed i1n the comparison communities.
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Geographical distribution of birth-defect
rates

The geographical distribution of birth de-
fects in Shawingan with respect to the dis
tance from the VC plant was analyzed using

. school distriets as the units; in no school dis-
tret did the ratic of observed to expected
number of birth defects differ significantly
from 1. The district in which the plant was
located had approximately the expected
number of birth defects.

Birth-defect rates did not differ between
school districts with high and low VCM ex-
posure, either for all birth defects or for CNS

TABLE 3 Number of malformed childien observed tn Shawinigan compured with expected numbers for the compar tson communtites (1}

children

Syndromea and other defecta

Mouth and upper airways
Total number of malformed

Eye and ear
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Centra)

Cardiovascular
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**p < 001
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TABLE 4 Yearlv gustribution o' malfurmed children (1966-1979)

Comparisor

Year Shawinigan Rate! communities

95% Confidence
inerval

SH.Compar:son
Rate communities

1966 16 31
1967 13 3: 33
1962 8 2! 24
1962 6 27
1970 15 24
1971 & 30
1972 [ 34
1973 18 44
1974 8 43
1973 15 a1
1976 13 36
1977 14 50
1978 11 52
1979 10 47

[ R N A VR Y
— oL oY
— LRI O~ L D

Total 159 348 526

182 195+ (10 3352
196 | B0 10 Y8
131 152
173 04
i 656 283"
ERVE) 01
243 G 90
2167
106

LT SO ST T Sy o

[

N0 =Vl e O

(9%
[ S I A N o R B A =

[ e L o e ol

wWon RS o — -1
[0 S DT

| BT S D PURY SURE P

2
[~
n
—
-1
u

umber of malformed children per 100 births
“P< 005

TABLE 5 Numbers of stillbirths, with and withour birth defects and numbers expected in Shawinigan hased on
rates tn the comparison communidies

Number of stillbirths

Witn birtn

Condition defects

Without

. Total number
birth defects

of birtns

Qbserved in Shawinigan 9
Observed 1n Drummondville 15
Expected based on Drummaondsille Ta8
QObserved in Bare-Comeau- Hauterive 7
Expected based on

Baie-Comeau-Hautenve
QObserved in Rimousk:
Expected nased on Rimousk
Expected based on all comparisen

communities

24 4367
83 8584
44,16+ -
63 7335
38.18" —
44 §257
3212 35 77 -
3878

*F < 0.05
*P< 001

defects (Table 6). Likewise, school districts
adjacent to the plant did not differ from the
other school districts in numbers of birth de-
fects (total or CNS), nor did districts differ
within and beyond a l-mile radius of the
VCM plant.

Case-control study

For the period Janusry 1973 to December
1979, sixty-eight cases of birth defects were
identified in Shawinigan and matched with
controls (42 male and 26 female pairs). Five
of the cases were stillborn; all of the controls
were born alive. There was no significant
difference between cases and controls 1n
number of weeks’ gestation at delivery. The
frequencies of previous birth defects in the

families of cases and controls did not differ
significantly, nor was there a significant dif-
ference between case and control mothers in
number of previous pregnancies.

Mothers of malformed infants reported no
excess of diseases during pregnancy; how-
ever, the following diseases suspected to bear
a high risk of birth defect were reported by
cases only: rubella, hydramnios, epilepsy,
nonpsychotic mental disorders, and psy-
chosis (Table 7). Among the mothers of mal-
formed infants, five reported previous
occurrences of epilepsy, mental disorders, or
both. Their children showed the following
birth defects: two cases of hypospadias, one
of congenital cataract, one of Down's syn-
drome, and one interventricular septal de-
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MALFORMED CHILOREM PER 100 LIVE BIRTHS

Shawinigan (1966-1979) —0—

Jrummondvitie and
Ramousks ([1971.1977)

MONTH QF BIRTH

Fig 1

Monthiv distribution of birth-defect rates

.
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TABLE 6 Comparison of total birth aefects’ and CNS birth dejeets between schoul distriels with gh and iow
atmospheric vinve enloride concentration

Schooi districts
with high VCM levels

School districts

with low VOM levels Toral

Births watn defects 37
Births without defects 2,285
Births with CNS defects 16
Births witnout CNGS defecis 2.356

Total births 2.372

70 157
2,125 4510
13 29
2182 4.538

2.195 4,567

=080 P»035
=910 P»Q070

i
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fect. Two mothers of defective infants
reported having used the drug LSD before
their pregnancies.

There was no significant difference be-
tween case and control mothers in number of
previous abortions reported. There was.one
previous stillbirth among the control moth-
ers and nope for the case mothers, there was
one previgus malformed child in each of the
two groups. There was no significant differ-
ence between cases and controls 1n the fath-
er's age. No mother (case or control) was
exposed to x.rays during the first trimester
of pregnancy, and only one case mother was
exposed during the second third of preg-
pancy; exposure during the third trimester

did not differ significantly between case and
control mothers.

Table 8 summarizes the mothers’ occupa.
tions before and during their pregnancies.
Nounie of the women was ever exposed to VCM
at work before or during pregnancy. The
working experiences of the case and control
mothers before and during pregnancy did not
differ, nor did their smoking habits or alcohol
consumption. There was no significant differ-
ence between cases and controls in the fath-
er's occupational exposure to chemicals, and
no fathers were ever exposed to vinyl chlo-
ride (Table 9). The distance between each
mother’s place of residence during the first
trimester of pregnancy and the VCM plant




366 G THERIAULT H ITURRA, AND 5 GINGRAS

TABLE 7 Duwstribution of cases and controls bv Giseases of the mothers during pregrancy’

Disease Cases Contrais

48
3

None 4
Bleeding at the beginning of the pregnaney
Hvpertension

Rubella

Lithiasis of the gall bladder

Renal caleutus

Psychaosis

Premature labor

Phiebitis

Hvdramnios

Obesity

Placenta praevia

Epilepsy

Nonpsychotic mental disorders

Wound

Infectious or parasitic disease

Qther diseases of the mother
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Total for diseases
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Unknown
Total 68 68

‘Partitioming diseases vs no disease, 37 = 0.54. P > 0 45 . 2

TABLS & Diwstribution of cases and controls by mother's occupation’

Cases Centrol

Mother's Before During Before During
oeeupation pregnancv pregnancy pregnancy pregnancy

Work outside home without

exposure to chemicals 41 22 42 20
Work tn VCM industry 0 0 a 0
Work outside home with

exposure to chemicals 2 1 2 1
Stay at home 25 45 24 47
Total 68 68 68 68

'Partitioning stav st home vs work outside home before pregnancy ¥f = 003, P > 085, paruoning suay &t home vs work outside
home during pregnancy. x{ = 013, £ > 0.71

TABLE 9. Dutribution of cases and controls by father's occupation®

Father's occupation Cases Controls
Ever worked 1n vinyl chloride industry 0 0
Ever worked 1n imdustries with exposure -

to chemicals 20 25
Never worked in inpetries with

exposure to : 43 39
Unknown 5 4
Total 68 68

=073 P> 0.39
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was measured to = 100 m. using a map of

‘the city; there was no significant difference

between the two groups in distance from the
VCM plant.

DISCUSSION
Previous studies

Excess of hirth defects in communities in
the vicinity of vinyl chloride polvmerization
plants and the possible association between
these birth defects and emussions of vinyvl
chlorde monomer i1nto the atmosphere were
first described for three Ohio communities
(Infante. '76). The excess was constant be-
tween 1970 and 1973. Mothers who gave
birth to malformed children were vounger 1n
the index communities than in the balance
of the three counties. The excess involved
mostly the central nervous system (CNS), up-
per alimentary tract, genital organs, and
clubfoot.

In analvzing data collected through the
Center for Disease Control's hospitai-based
birth defects monitoring program, Edmonds
et al. ("75) found no increase in CNS defects
for one city in Pennsylvama with a PVC
plant, but confirmed the excess of anenceph-
aly and spina bifida previously noted in
Painesville, Ohio. However, in a case<ontrol
study. none of the interviewed parents of af-
fected infants had ever worked at either of
the two PVC polymerization plants in
Painesville, whereas two fathers of controls
had. none of the parents in either group lived
within two miles of either plant. Further-
more, a sigruficantly larger proportion of con-
trol mothers worked within a 10-mule radius
of the PVC plant.

Another study (Infante et al., '76) empha-
sized fetal losses and miscarriages among
women whose husbands worked at PVC
plants. Although it concluded that fetal losses
were greater among women whose husbands
were occupationally exposed to VCM than
among controls, this study was criticized for
methodological weaknesses.

In a report to the Society of Plastics Indus-
tries, MacMahon ("77) concluded that the only
evidence so far was to the effect that VCM
generates chromosome breakages in workers
heavily exposed to it, but that VCM should
be regarded as a potential human mutagen
and taratogen until better evidence was
available. In another report to the Society,
Downs et al. ("77) criticized the statistical
methods used in vinyl chioride studies and
concluded that the existing evidence indi-
cated associations between (1) VCM exposure

and lvmphocyte abervations in workers and
(21 VCM exposure of workers and fetal was-
tage among the workers' wives. Those au-
thors found no evidence for an association
between VCM exposure and birth defects.
but cautioned that such associations may not
have been detectable by methods available
at the time and that monitoring should con-
tinue.

A high incidence of CNS birth defects was
found 1n Kanawha County, West Virminia,
from 1970 to 1974 (Edmonds et al, '78). As
there 1s a polyvinyl chloride piant in Kana-
wha County, a possible relationship between
CNS defects and parentai exposure to VCM
was 1investigated In a case-control study, no
relationship was found between hirth defects
and parental occupation. Although the pat-
tern of case-family residences tended wo differ
from that of controls, 1t did not correlate with
local wind direction and air pollution,

The present study

Some descriptive data from this study
raised the hypothesis of an association be-
tween VCM 1n the air and hirth defects in
the exposed community, but as a whole,
within the sample size available, such an
association could not be substantiated Birth-
defect rates in Shawinigan were high for the
15-vear period, and women who gave birth to
malformed children were, on average,
vounger in Shawinigan than in the compari-
son communties. These results are consist-
ent with previous findings for three Ohio
towns with PVC plants (Infante. "76).

The seasonal variation in birth-defect rates
corresponded to variation in atmospheric
VCM concentration. No VCM was found in
air samples during December, January, and
February. It 1s believed that during these
months, VCM tends to accumulate near the
plant as a liquid. because the outdoor tem-
perature 1s below its liquefaction point. Thus
VCM would be released into the air in the
spring. Birth-defect rates were lowest in Sep-
tember, which is 8§ months after mdwinter,
corresponding to the time between the first
third of pregnancy aund delivery. These obser-
vations favor an association between VCM
concentration in the air and birth defects in
the community.

On the other hand, several observations of
the present study tend to argue against any
association between VCM concentration in
the air and birth defects in the community.
The geographical distribution of birth defects
in Shawinigan was not correlated with esti-
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mates of VCM concentrations in the commu-
nity Malformation rates were not relatively
high either near the plant or in the area
where VCM concentrations were estimated
1o be highesti. and the school district with the
kignest pirth-gefect rate was far from the
piant.

There was no difference 1n occupational or
residentia. mistory between the parents who
gave birth to malformed infants and the con-
trols. Both groups resided at similar dis-
tances {rom the plant, and none of the
parents had worked at the plant. Further-
rmore, all tvpes of birth defects were in excess
in Shawimugan These results agree with
those for the three Qhio cities; however,
agents known to be teratogenic 1n humans
and experimental animals have verv specific
effects, and 1t seems unlikely that any agent
would produce the variety of malformanons
found 1n excess in Shawinigan.

Possible explanations of the results as ar-
tifactual are not convincing It is unhkely
that Shawinigan's physicians were more in-
clined to diagnose birth defects than were
physicians in the comparision communities
since thev did not know about such an asso-
ctauion when the diagnoses were made (ex-
cept in 1979, where no difference was seen
from previous vears). Birth defects were in-
cluded 1n this study on the basis of their
obwviousness, and the birth-defect rates were
the same 1n the three comparison communi-
ties, Furthermore, for severe birth defects
like those of the CNS, which cannot be mis-
diagnosed, rates were higher in Shawinigan
than in anv of the comparison communities.
The method bv which the data were collected
was the same everywhere. It 1s very unlikely
that a bias 1n the quality of the information
from the archives of the regional hospitals
could have influenced the results

The possibility remains that pregnant
mothers residing outside Shawinigan, who
were at risk of having a malformed child,
migrated to the city for delivery, thereby in-
creasing the birth-defect rate for that town.
In the case-control study, six mothers (6.7%)
were rejected because they had moved to the
ciry of Shawinigan after the first third of
pregnancy, and four mere cases were un-
traceable. Thus, as many as 11% of the birth-
defect cases observed in Shawinigan might
actually have come from elsewhere, reducing
the number of observed cases to 142. How-
ever. birth-defect rates would still be signifi-
cantly higher than in the comparison

communities. leading us 1o believe that the
excess noted in Shawinigan was real

Ammal studies have shown that exposure
to high levels of VCM during pregnancy re.
sulted more often 1n nigh rates of fetal loss
and miscarriage than n birth  defects
(Cngvary et al. '78, Jonn et al,, '77) How-
ever, stillbirth rates were no higher in Shaw-
initgan than in the companson communities,
and in the case-control study, abortion rates
reported were not higher for case than for
control mothers.

Several industries 1n Shawinigan emit pol-
lutants into the atmosphere and several of
the pollutants may interact to generate po-
tent mutagenic or teratogenic chemicals in
the communitv. A thorough analysis of such
an environment and 1ts association with the
excess of birth defects was bevond the scope
of the present studv. However. in the case.
control study, there was no difference be-
tween the numbers of case and control par-
ents who worked at the aluminum plant, and
the comparison communtty with an alumi-
num electrolyvsis plant (Bale-Comeau-Hau-
terivei had lower bimh-defect rates than did
Shawinigan. Thus, the aluminum industry
probably was not responsible for the excess
of birth defects 1n Shawinigan.

Among risk factors (other than occupa-
tional or environmental exposure to a pollu-
tant) known to be associated with birth
defects, epilepsy and mental disorders before
and during pregnancy and the use of the
drug L3D before pregnancy were reported
more frequently by mothers of malformed
children than by control mothers Drugs pre-
scribed to control epilepsy have been re-
ported to be associated with birth defects
(Smithells, "76) and could account for a few
birth defects observed 1n Shawinigan, as
could LSD. These differences, however, could
be due to a recall bias whereby the mothers
of malformed infants were more aware of
exposure to possible etiologic agents during
their pregnancy than the mothers of normal
children.

‘In the present study, we were unable to
substantiate the presence of an association
between VCM in the air and birth defects in
the exposed community. In view of the high
numbers of angiosarcoma of the liver ob-
served among production workers and the
possible large emissions of VCM, it can mean
that such an association does not exist. It can
also be the result of a small number of obser-
vations. The probability of finding an excess
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of birth defects in the highly exposed dis-
tricts twice as high as in the pooriy exposed
ones was 80%. This probability would have
been 29% had the excess been three times as
hich
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