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Project Summary

Association Between Birth
Defects and Exposure to
Ambient Vinyl Chloride

Gilles P. Theriault, Hilda lturra, and Suzanne Gingras

To better define the association
between exposure to vinyl chloride
monomer (VCM) and the occurrence
of birth defects, this epidemiological
study was made in Shawinigan,
Quebec, Canada, where a vinyl chloride
polymerization plant has operated
since 1943, Birth-daefect rates in
Shawinigan during the last 16 years
were compared with rates in three
othar communities, and seasonal and
spatial variations in Shawinigan’s
birth-defect rate were corralated with
aestimatad VCM concentrations in the
environment.

Shawinigan had an excess of birth
defects which fluctuated seasonally in
a way that could correspond to
changes in VCM concentration in the
snvironmeant. Mothers who gave birth
to malformed children were younger
on average in Shawinigan than in the
comparison communities. However,
there was no excess of stillbirths in
Shawinigan, the excess in birth defects
involved most systems, and variation
in birth-defect rates among schoal
districts could not be accounted for by
astimates of VCM in the atmosphere,

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
in occupational exposure or closenass
of residence to the vinyl chloride
polymerization plant.

This Project Summary was devel-
oped by EPA’s Health Effects Research
Laboratory, Research Triangle Park,
NC. to announce key findings of the
research report that is fully docu-
mented in a separate report of the
same title (see Project Report ordering
inforrmstion at back).

introduction

Vinyl chloride monomer (VCM) is
carcinogenic in man and other animals
and mutagenic in microbial assays,
Drosophifa. yeast, mammalian cells,
and man. VCM generatas mutations
primarily through one of its metabolites,
chloroethylene oxide, and with the
involvament of liver microsomal
enzymes. Ahlthough miscarriages and
fetal losses among the wives of workers
exposed to VCM have been studied,
such effacts remain undocumented.
VCM was found in the fetal and
maternal blood and the amniotic fluid of
pregnant rats after exposure to air
containing VCM; two studies of VCM
teratogenicity in animals failed to
demonstrate fetal malformations, but
showed increased fetal death rates.

At normal temperature and pressure,
VCM is a gas: it liquifies at -13° C. Itis
processed into polyvinyl chloride (PVC; a
plastic) through polymarization reac-
tions in autoclaves. The gas is released
into the environment during unloading,
processing, and autoclave-cleaning
operations. The concentration of VCM
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to which people in the community are
exposed depends on production rate,
wind direction, wind velocity, and
distance from the plant.

In Shawinigan (population 27,000), a
vinyl chloride polymerization plant
(owned by B.F. Goodrich Co,, Ltd.) has
operated since 1943 and currently
produces 25,000 tons/yr of PVC. Ten
cases of angiosarcoma of the liver have
been reported among workers at this
plant. In addition to the PVC plant,
Shawinigan has two chemical plants,
one aluminum electrolysis plant, one
carbide plant, and one pulp and paper
mill. A great number of poliutants are
discharged into its snvironment. Fur-
thermore, prevailing winds tend to blow
from the pollution sources towards the
town's residential areas.

In 1975, a high birth-defect incidence
{mostly central nervous system abnor-
malities) was found in three Qhio towns
with PVC plants. However, two sub-
sequent studies failed to find any
association betwean birth defects and
either work at or proximity of residence
to these plants. In a 1977 study, a higher
birth-defect rate was found in Shawinigan
than in Drummondville (a town without
a PVC plant);, the highest rates in
Shawinigan were in the vicinity of the
plant. The present study was an attempt
to associate thig high frequency of birth
defects with exposure to VCM.

One objective of this study was to
establish birth-defect and stillbirth rates
in Shawinigan and to compare these
rates with those for other communities,
in an attempt to confirm the high birth-
defect rates previously observed. An-
other objective was to try to correlate
seasonal and spatial variations in the
birth-defect rate with variations in VCM
concentration in the environment. The
final objective was to compare a group
of parents who gave birth to malformed
infants with a control group of parents
of normal children with respect to
residential and occupational history and
several birth-defect risk factors.

In determining birth-defect rates in
Shawinigan, the study included all
stillbirths and malformed children born
of mothers who resided within the city
limits of Shawinigan at the time of
delivery and who deliverad between
January 1, 1066, and December 31,
1879. The case-control study was
limited to a shorter period (January
1973 to Deceamber 31, 1978), because it
required information based on the
mothers’ recollection of events during
their pregnancies. A birth defect was
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defined as a gross physical or anatomic
developmental anomaly present at birth
or detected at the hospital during the
first days after delivery.

To assess the importance of the
excess of birth defects in Shawinigan,
three comparison communities were
chosen, based on their similarity to
Shawinigan in population size and
structure, socioceconomic level, and
medical-care facilities. To take into
account the influence of environmental
poltution, one town with an aluminum
piant but no VCM-emitting plant {Baie-
Comeau—Hauterive) and two towns
with neither a VCM nor an aluminum
plant (Drummondville and Rimouski)
were chosen as control communities.

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 tha three
preceding years. Birth-defect children
and controls were identified and data
were collacted from several medical
files and hospital rosters (delivery-room
daybooks, birth-defect rosters, discharge
lists, mothers’ and children’s meadical
files, and birth rosters). Shawinigan's
14 school districts were used as the unit
of spatial distribution of birth defects.
For the case-controf study, the mothers
of affected infants and matched controls
were interviewed at home. Cases and
controls were matched by maternal age
within two years, sex of the infant, and
place of rasidence of the mother,

Two studiss were conducted to
assess vinyl chioride concentration in
the air in Shawinigan. The first was a
study of the feasibility of measuring
VCM in the air at several locations in
Shawinigan using air sampling and
analysis techniques (summarized in an
appendix to the report of the present
study). Its conclusion was that environ-
mental VCM concentrations could be
assessed by ambient air sampling at
various sites in Shawinigan; depending
on location, sampling detected levels up
to 45 ppb. During winter, VCM tended to
accumulate in the snow in the vicinity of
the plant, and VCM concentrations
differed between indoor and outdoor
samples, The report recommended a
continuous one-year sampling program
with special attention to meteorologic,
topographic, and demographic data to
establish the true VCM concentrations
to which the Shawinigan population is
exposed.

Considering the high cost of such a
sampling program, it was decided that

L

for the present study, ambient vinyl
chloride concentrations in Shawinigan
would be estimated using a dispersion
modet based on production records and
the results of previous air-monitoring
activities. This study was conducted by a
subcontractor. The dispersion modsl|
used the Pasquill-Gifford equation, and
its variables included wind direction and
velocity, rainfall, humidity, tempera-
ture, topography, and estimated VCM
production and emissions. The model|
aliowed construction of isopleths of
estimated vinyl chioride concentration
over Shawinigan.

Results -

From January 1966 through Decem-
bar 1979, there were 4534 live births
and 33 stillbirths in Shawinigan, Of the
live infants, 150 had birth defects, and
of the stillbirths, 9 had birth defects. The
birth defects reported most frequently
were those of the muscuioskeletal
system, followed by the cardiovascular,
central nervous, and urogenitai sys-
tems. The ages of the mothers did not
differ significantly among the various
types of birth defect. Defects of the
central nervous system (CNS) were
particularly frequent among malformed
infants with short gestation periods.

The yearly numbers of malformed
children per 100 births varied from 1.68
{in 1969) to 6.84 (in 1973), with an
overall rate of 3.48. Detailed analysis of
the monthly distribution of birth defects
and the distribution by affected system
for the year 1973 showed no single
large increass that could account for the
high rate in that year. Nor did the yearly
distribution by system show any par-
ticular feature that could account for the
annual variation in the overall rates.
Furthermore, birth-defect rates did not
consistently in¢rease or decrease with
time.

The observed number of malformed
children in Shawinigan was higher than
would be expected basad on the rate for
each comparison community or for all
three comparison communities together
(see Table 1), The excess birth defects in
Shawinigan occurred in the central
nervous, cardiovascular, urogenital,

“and musculoskeletal systems, the eye

and ear, and the chaest. As the types of
defects found in excess in Shawinigan
were also the most common types of
defects overall, it can be concluded that
birth defects in general were in excess
in Shawinigan. The proportion of mal-
formed infants was greater in Shawinigan
than in the comparison communities in
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Table 1. Numbaear of Malformed Children Observed in Shawinigan Compared with Expected Numbers Based on Rates for the
Comparison Communities (1966-1973]
Expected Expected
Observed Expacted Based on Expected Based on All
Affectad in Based on Baie-Comeau— Based on Comparison
Systemn Shawinigan Drummondville Hauterive Rimouski Communities
Central nervous 30 19.69* 18.18* 15.33** 17.96*
Cardiovascular 37 19.69** 13.94** 43.06 24.29*
Gastrointestinal 17 .04 9.70 10.95 9.80
Urogenital 30 19.15* 13.94** 13.14** 15.72**
Musculoskeletal 49 36.71 27.88** 40.14 34.70°
Mouth and upper
airways 17 6.92°* 13.33 13.14 10.82
Eye and ear 6 1.06** 1.82* — 1.02°*
Chest 3 0.53 - 0.73 0.41*
Syndromes and
othar defects 6 6.92 9.70 10.95 . 8.98
Total 159 102.68** 58.80** 124.08*" 107.36**

*Ratio of Poisson variable to its expectation (36); * indicates p <. 0.05;

** indicates p < 0.01.

all years except 1969 and 1972 (see
Table 2).

The number of stillbirths differed only
between Shawinigan and Drummond-
ville, where the number of stillbirths
was significantly higher. The proportion
of malformed children among the still-
born was higher in Shawinigan than in
the comparison communities. This is
consistent with previous findings of an
excess of birth defects in Shawinigan.
Mothers who gave birth to maiformed

children were significantly younger in
Shawinigan than in the comparison
communities for all malformations
combined and for defects of the CNS,
mouth and upper airways, and eye and
ear. Children in Shawinigan did not
differ from those in the comparison
communities in mean gestational age at
birth, except in the case of chest
malformation, for which the sample size
was very small,

Figure 1 compares the monthly birth-

defect rates for Shawinigan with those
for Drummondville and Rimouski. The
Shawinigan curve is V-shaped, with the
lowest rates in the summaer, wheareas
the curve for the comparison communi-
ties is flatter. The seasonal variation in
birth-defect rates was statistically
significant for Shawinigan, but not for
the comparison communities.

The spatial distribution of birth
defects in Shawinigan with respect to
the PVC plant was analyzed; in no

Table 2. Distribution of Malformed Children for Each Year (1966- 1979)
o Comparison SH/C 7 id
Year Shawinigan Rate* Communities Rates Comran'zz;’l.'fs% gs%lggr"\’rlglan“
1966 16 3.54 31 1.82 1.95¢
. . 1.08, 3.52
;gg 13 352 33 1.96 1.80 ;0.96, 3.39;
1968 8 2.30 24 1.67 1.52 (0.69, 3.34)
1969 6 1.68 27 1.78 0.94 [0.41, 2.18)
1970 Ig 470 24 1.66 283* (1.55, 5.17)
4l H 2.08 30 2056 1.01 0.53. 1.94)
o2 .5 219 34 243 0.90 {0.36, 2.20)
1973 H 6.84 44 317 2.16* {1.28, 3.65)
1974 8 297 43 2.81 1.06 (0.48, 2.33)
1978 s 4.40 51 310 1.42 (0.81, 2.49)
17 3 3.98 36 2.20 1.81 f0.93, 3.51)
1977 4 4.56 50 2.76 1.65 0.93, 2.93)
To7s 44 3.33 52 2.88 1.16 (0.61, 2.20)
e 3117 47 2.69 1.16 {0.60, 2.26)
ota 159 3.48 526 2.35 1.48* (1.24, 1.75)
:quber of malformed children per 100 births.
* indicates p < 0.05.
- 3
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Drummondville and
Rimouski (1971-1977)
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Figure 1. Monthly distribution of birth-defect rates.

school district did the ratio of observed
to expected number of birth defects
differ significantly from 1. The four
districts with the highest rates are
located on the north-south axis passing
through the vinyl chloride plant; the
district in which the plant is located had
abcut the expected number of birth
defects. The yearly average concentra-
tion of vinyl chloride was estimated for
each school district, based on data from
a study entitled “Dispersion Patterns of
Vinyl Chioride Emitted by B.F. Goodrich
Co., Ltd., Shawinigan, Que.” (which is
appended to the report of the present
study). Birth-defect rates did not differ
between school districts with high and
low VCM exposure, either for all birth
defects or for CNS defects (see Table 3).
Likewise, school districts adjacent to
the plant did not differ from the other
school districts in numbers of birth
defects (total or CNS), nor did districts
differ within and beyond a one-mile
radius of the vinyl chiloride plant.

For the period January 1973 to
December 1979, 68 casaes of birth
defects were identified in Shawinigan
and matchad with controls (42 male and
26 female pairs). Five of the cases weare
stillborn; all of the controls were born
alive. There was no significant difference
between cases and controls in number
of weeks' gestation at delivery. The
frequencies of previous birth defects in
the families of cases and controls did
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not differ significantly, nor was thera a
significant difference batween case and
control mothers in number of previous
pregnancies.

Mothers of malformed infants reported
no excess of diseases during pregnancy;
however, the following diseases sus-
pected to bear a high rigk of birth defect
were reportad more frequently by case
than by control mothers: rubella,
hydramnios, epilepsy, nonpsychotic
mental disorders, and psychosis. There
was no significant difference between
case and control mothers in number of

Table 3.

previous abortions. There was one
previous stilibirth among the control
mothers and none for the case mothers;
there was one previous malformed child
in each of the two groups. There was no
significant difference between cases
and controls in the father's age. No
mother {case or control) was exposed to
X-rays during the first trimester of
pregnancy, and only one ¢ase mother
was exposed during the second third of
pregnancy, exposure during the third
trimester did not differ significantly
between case and control mothers.

Table 4 summarizes the mothers’
occupations before and during their
pregnancies. None of the women were
ever exposed to VCM at work before or
during pregnancy. The working experi-
ences of the case and control mothers
before and during pregnancy did not
differ, nor did their smoking habits or
alcohol consumption. Two mothers of
defective infants reported having used
the drug LSD before their pregnancies.
There was no significant difference
between cases and controls in the
father's occupational exposure to
chemicals, and no fathers were ever
exposed to vinyl chloride (see Table 5).
The distance between each mother's
place of residence and the VCM plant
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

Some observations of this study
suppont the existence of an association
between VCM in the air and birth
defects in the exposed community,

Comparison of Total Birth Defects" and CNS Birth Defects® Betwean

School Districts with High and Low Atmospharic Vinyl Chloride

Concentration

School Districts
With High VCM Levals®

School Districts
With Low VCM Levels Total

Births with

defacts a7
Births without

defects 22856
Births with CNS

defects .16
Births without

CNS defacts 2356
Total births 2372

70 ' 157
2125 4410
13 29
2182 4538
2195 4567

2x?, = 0.80; p> 0.35.
'x?, =0.10; p > 0.70.

“School districts nos. 1, 3, 5, 6, 7. and 8.




Table 4. Distribution of Cases and Controls by Mother's Occupation®
Cases Control
Muther's Before During Belore Ouring
Occupation Pregnancy Pregnancy Pregnancy Pregnancy

Work outside home without

exposure to chemicals 417 22 42 20
Work in VCM industry (o] 0 0 (4]
Work outside home with

exposure to chemicals 2 ) 2 7
Stay at hame 25 45 24 47
Total 68 68 68 68

“Partitioning stay at home vs. work outside home before pregnancy:

X%, =0.03; p > 0.85. Partitioning stay at home vs. work outside home during pregnancy:

X4 =013 p>0.71.

while others tend to contradict such an
association. High birth-defect rates in
Shawinigan were confirmed for a 15-
year period, and women who gave binh
to malformed children were, on average,
younger in Shawinigan than in the
comparison communities. These results
are consistent with previous findings for
three Qhio towns with PVC plants,

The present study revealed seasonal
variation in birth-defect rates that could
correspond to variation in atrmospheric
VCM concentrations. VCM could not be
measured in air samples during Decem-
ber, January, and February. It is
believed that during these months, VCM
tends to accumulate near the plantasa
liquid, because the outdoor temperature
is below its liquefaction point; this VCM
would be released into the air in the
spring. Birth-defect rates were lowestin
September, which is eight months after
midwinter, corresponding to the time
between the first third of pregnancy and
delivery. This observation would tend to
support an association between VCM
concentration in the air and birth
defects in the community. One con-

sultant believed that below its liquefac-
tion point, VCM would remain in the air
in droplets, at a concentration similar to
that found at higher temperatures.
However, because people spend more
time indoors during the winter than the
rest of the year, winter exposure would
tend to be low in any case.

On the other hand, several observa-
tions of the presant study tend to argue
against any association batween VCM
concentration in the air and birth
defects in the community. The spatial
distribution of birth defects in Shawinigan
cannot be explainad on the basis of
estimates of VCM concentrations in the
community. Malformation rates were
not relatively high either near the plant
of in the area where VCM concentrations
wera estimated to be highest. and the
school district with the highest birth-
defect rate was far from the plant.
However, VCM concentrations were not
measured directly, but estimated by a
theoretical dispersion model based on
approximate production and emission
values, because the B.F. Goodrich Co.
would not release the actual values.

Tabla 5. Distribution of Cases and Controls by Father's Occupation®
Father's Occupation Cases Controls

Ever worked in vinyl

chloride industry 0 o
Ever worked in industries

with exposure to chemicals 20 25
Never worked in industries

with exposure to chemicals 43 39
Unknown 5 4
Total 68 68

X =073 p>039.

There was no difference in occupa-
tional or residential history between the
parents who gave birth to maiformed
infants and the control parents. Both
groups resided at similar distances from
the plant, and none of the parents had
worked at the plant. Furthermore, all
types of birth defects were in excess in
Shawinigan, rather than those of any
particular system. These results agree
with those for the three Ohio cities;
however, agents known to be teratogenic
in humans and experimental animals
have very specific effects, and it seems
unlikely that any agent would produce
the variety of malformations found in
excess in Shawinigan,

Possible explanations of the results
as artifactual are not convincing. It is
unlikely that Shawinigan’s physicians
were ‘'more inclined to diagnose birth
defects than were physicians in the
comparison communities. Birth defects
were included in this study on the basis
of their obviousness, and the birth-
defect rates were the same in the three
comparison communities. Furthermore,
for severe birth defects like those of the
CNS, which cannot ba misdiagnosed,
rates were much higher in Shawinigan
than in any of the comparison com-
munities. The method by which the data
were collected made it very unlikely that
a bias in 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 of Shawinigan
who were at risk of having a malformed
child migrated to the city for delivery,
thereby increasing the birth-defect rate
for that town. In the case-control study,
six mothers (6.7%) were rejected
because they had moved to the city of
Shawinigan after the first third of
pregnancy, and four more cases were
untracaable. Thus, as many as 11% of
the birth-defect cases observed in
Shawinigan might actually have come
from eisewhere, reducing the number
of observed cases to 142. However,
birth-defect rates would still be sig-
nificantly higher than in the comparison
communities, leading us to balieve that
the excess noted in Shawinigan was
real. .

Animal studies have shown that
exposure to high levels of VCM during
pregnancy results more often in high
rates of fetal loss and miscarriage than
in birth defects. However, stilibirth rates
were no higher in Shawinigan than in
the cornparison communities, andin the

5
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case-control study, abortion rates were
not higher for case than for control
mothers.

Several industries in Shawinigan
emit pollutants into the atmosphere,
and several of the pollutants may
interact to genarate potent mutagenic
or teratogenic chemicals in the com-
munity. The analysis of such an envi-
ronment and its association with the
excess of birth defects was beyond the
scope of the present study. However, in
the case-control study, there was no
difference between the numbers of case
and control parents who worked at the
aluminum plant, and the comparison
community with an aluminum elec-
trolysis plant (Baie-Comeau—Hauterive)
had lower birth-defect rates than did
Shawinigan. Thus, the aluminum in-
dustry probably was not solely respon-
sible for the excess of birth defects in
Shawinigan.

Among risk factors (other than occu-
pational or environmental exposure to a
potiutant} known to be associated with
birth defects, epilepsy and mental
disorders before and during pregnancy
and the use of the drug LSD before
pregnancy were reported more fre-
quently by mothers of malformed
children than by control mothers. Drugs
prescribed to cantrol epilepsy have been
reported to be associated with birth
defects and could account for a few birth
defects observed in Shawinigan, as
could LSD. No other risk factor was
reported more frequently by the case
than by the control mothers.

An association between VCM in the
air and birth defects in the exposed
community cannot bhe substantiated at
the present time. If the association
exists, it cannot be measured by the
methods used in this and in previous
studies or in populations of the sizes
studied so far.

Conclusions

The conclusions of this study can be

summarized as follows:

1. For the years 1966 through 1979,
there was an excess of birth
defects in the population of
Shawinigan, Quebec. This result
is similar to the findings for
several U.S, cities where vinyl
polymerization plants operate.

2. Birth-defect rates underwent a
seasonal variation that could cor-
respond to variation in the con-
centration of VCM in ambient air.

3. Mothers from Shawinigan who
gave birth to malformed infants
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were younger than mothers from
the comparison communities who
also gave birth to maiformed
infants. .

4. The excess malformations involved
not only the central nervous
system, but almost all body sys-
tems,

5. No correlation was found between
the spatial distribution of birth
defects in the town and estimates
of VCM concentrations in the air.
(These esumates were based on
approximate data, since infarma-
tion on PVC production and VCM
emissions was not available.)

6. Occupational exposure as a causal
agent was ruled out, because
none of the parents in the study
had ever worked at the VCM plant.

7. Cases and controls did not differ in
distance of residence from the
plant.

8. No excess of stillbirths was ob-
served in Shawinigan, and abortion
rates were no higher for mothers
of malformed infants than for
mothers of normal infants.

Some observations of this study
support an association between VCM in
the air and birth defects in the exposed
community, while others tend to indi-
cate that no such association exists. As
the present results ara inconclusive, the
possibility that VCM generates birth
defects in human communities requires
further consideration. This would bast
be accomplished through a program
during the next five to ten years to
monitor VCM concentration in the air
and birth defects in the exposed
communities,

Gilles P. Theriault, Hilda Iturra. and Suzanne Gingras are with the Department of
Social and Preventive Medicine, Faculty of Madicine, Laval University,
Ste-Foy. Quebec, Canada G1K 7P4, .

Jeff Beaubier and (Gregg Wilkinson are the EPA Project Officers (see balow).

The complete report, entitled “Association Between Birth Defects and Exposure
to Ambient Vinyl Chioride.” (Order No. PB 81.238 883; Cost: $11.00, subject
to change) will be available only from:

National Technical Information Service
5285 Port Royal Road
Springtield, VA 22167
Telephone: 703-487-4650

The EPA Project Officers can be contacted at:
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U.S. Environmental Protection Agency
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Occasional Survey

GENETIC RISKS OF VINYL CHLORIDE

PereER F. INeFANTE Joseru K. WacoNER
ANTHONY J. McMiCHAEL  RICHARD J. WAXWEILER
Hexry FALX

Division of Surveillance, Hazard Evaluations and Field
Studies, National Insricuse for Occupational Safety and
Haualth, and Bureau of Epidemiology, Center for Disease
Control; and School of Public Health, University of North
Carolina
Summary A study of pregnancy outcome among
wives of workers exposed to vinyl-chlor-
ide monomer (v.c.M.) indicated that, in comparison
with controls, there was a significant excess fetal loss in
the group whose husbands had s primary exposure to
v.C.M., whereas no differences between the groups were
abserved 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 interviewers, re-
spondents, nor from women who had experienced
chronic abortions weighting the results. These findings,
in conjunction with the demonstration of a mutagenic
response via microbial test systems and with observa-
tions of significant excesses of chromosomal aberrations
among workers exposed to V.C.M., raise scientific and
public-health concern for the possible genctic risks of
V.C.M. to man.

IN the past year, several reports have indicated that
vinyl-chloride monomer (v.c.M.) is mutagenic in micro-
bial test. systems.!-? v.c.M. metabolites also have in-
duced mutations in mammalian cells,* Likewise, reports
from four countries have shown an e¢xcess of chromoso-
mal aberrations in lymphocytes of workers exposed to
v.c.M. compared with controls.-~* However, Purchase et
al.” bave stated (though no animal data were presented),
that the mutagenic effects of v.c.mM. expressed as chro-
mosomal aberrations in lymphocytes in humans do not
occur in germ cells in mice; they concluded that the
potential danger of mutagenic effects on the fetus via
sperm seemed unlikely to exist. In a study without con-
trols, Selikoff observed fetal death-rates among wives of
v.C.M. workers that ranged from 7 to 14 per 100 preg-
nancies.® These rates appear to have been higher than
expected.1?

To develop further data on this question, pregnancy
outcome has been studied among the wives of workers
exposed to v.c.M. All current v.c.M. polymerisation and
polyvinyl-chloride (p.v.c.) fabrication workers were in-
cluded for study together with & similar number of cur-
rent rubber workers (8% of all such workers) selected
from work areas relatively free from known toxic
materials and matched as a group to the v.c.M. workers
by age. Group-participation rates ranged from 62 to
77%. Data for the wives of v.c.M. polymerisation
workers (primary v.c.M. group) were contrasted with
data for the wives of p.v.c. fabrication and rubber
workers (“‘controls’), who were known to have had very
low or no v.c.M. exposure, respectively. A total of 95
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v.c.M. polymerisation and 158 rubber and p.v.c. fabri-
cation workers were interviewed. Paternal age, preg- 4
nancy outcame, and estimates for the time of conception 3
of all preguancies were ascertained by interview in Oct-
ober, 1974, from males employed at a rubber manufac-
turing, p.v.c. fabricating, and v.c.M. polymerising facil- »
ity. As part of a larger survey of worker health, date of .
first employment in the job categories was determined
from company records. Mecan paternal age, total number
of conceptions, total number of fetal deaths (defined as 5
any product of conception not born alive), and fetal
deaths per 100 conceptions were then computed for cach
group prior to and subsequent to the worker’s date of
employment. No interviews were conducted with
workers' wives and no data were obtained concerning §
maternal age, except indirecdly through paternal age. %
Since fetal loss is known to increase with ascending
parental age, the fetal death-rates for the pﬁmt:'lfy V.M. i
exposure were age-adjusied to the control group. +
Table 1 m&s the age-adjusted fetal death-rates
for wives of the primary V..M. exposure group
versus the control group, both prior to and subsequent 3
to each group’s respective exposures. Among pregnan-
cies occurting prior to exposure, fetal death-rutes were I
6-9% for the controls versus 6-1% (age-adjusted) for the
primary v.c.M. exposure group. These rates were not
sigoificanty different by Mantel-Haenszel Chisquare
testing.!? Among pregnancies occurring subsequent to !
the busband’s exposure, the difference in frequency of
fetal deaths betwcen groups was significant at
p<0-05 (3x*=4-00, df=1).'? Although the underlying dis-
tributions differed, mean paternal ages were virtually
the same—30-4 versus 30.2 years. The significant dif-
ference between the groups subsequent to exposure was
8 reflection of 8 relatively greater fetal mortality-rate as-
sociated with younger-aged husbands in the primary i
V.C.M. exposure group. Among pregnancies occurring
subsequent to exposure, the fetal mortality-rates associ-
ated with husbands 30 years of age and older for the pri-
mary v.C.M. exposure and control groups were 9/69
(13-0%) and 17/142 [12-7%), respectiv:ly; whereas, for .

TABLE I—MEAN PATERNAL AGE, NUMIER OF FREGNANCIES, AND FETAL
DEATH-RATES ACCORDING TO HUSBAND'S V.C. EXPOSURE

—~ Primary =
“Contpola™™* | V.CM. exposure] |
Prior to hutband's exposure: :
Number of families 93 70 H
Mesn pateroal age 4
¢ concepuon (yr.) 23.0 216-4 .
Number of feral .
denths among wives 11 1% s
Number of pregrancies 159 He g
Age-wdjusted fetal )
deathy/100 preg. 69 61
Subsequent to kusband’s expoture: -
Number of families 113 62 ’
Mean paternal age
At congepuon (yr ) 30.4 30.2
Number of fetal
Deaths amuong wives 24 23 t
Number of N
pregnancies 273 13%
Age-adiusted fetnl
deathy/100 preg ¢ 8.8 15.8¢

“Rubber wnd p.v ¢, fabnication workers.

tv . polymensation warkers.

$Rotes age-adjusted (0 “cuntrol™ group paternal age dnunbutron.

§Subr 10 husband's cxp s the (i y of feral deachs among wines
was sigmficantly grester in the prmary v €M, expusure goup than in the “con-
truls™ (P<0-03) or 1n the study group prior o busband’s axpowre P00 02 by
age-adjusted chi-square esting.*? .
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TABLE IF-—MEAN PATERNAL AGE, NUMBER OF PREGNANCIES, AKD FETAL
DEATH-RATES ACCORDING TO HLSBAND'S V.C. EXPOSURE EXCLLDING
PAEGNANCIRS OF WOMEN WITH 3 J FETAL DEATHY

— Pramary
Controls™ | v.c.M, exposuret
Priar 1o husband's expavsre:

Mean paiernal ape

a conception (yr.) 130 263
Number of fersd

deaths among wives 1 9
Number of

Pregnancies 139 141
Age-adiuned fan

deathy/100 preg.t 69 3
N 12 husbamd's £1p
Mean paternal

I mmplh:(.;r.) 0.2 30-%
Number of fetal .

Jeaths wnong wives 1% 14
Nuber of

pregnances 163 120
Agwadjusad feral

denthe/100 preg ¥ (0] 104

“Rubber and p.v.c. fabncstion sorkers.
4v.c. polymwerisstion workes.
$Raus age-adiuniad x “contrel™ pavernal age dusribution.

husbands less than 30 years of age, fetal 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 comparisons indicated an
mcrease in age-adjusted rates for the primary v.c.M.
exposure group from 6-1% before exposure to 15-8%
subsequent to the husband's exposure. This difference
also was significant, r<0-02 (?=3.51, df=1)." Similar
comparison for rates in the control group, 6-9% versus
8-8%, indicated no significant difference,

To determine whether women who had chronically
experienced abortions might have weighted the results in
favour of a higher fetal death-rate in the primary v.c.Mm.
group subsequent 10 husband’s exposure, pregnancies of
women who had more than two abortions were elim-
inaied from the analyses and the data were recalcu-
lated to derermine whether or not the trend was main-
tained, The decision to exclude all pregnancies among
families associatéd with more than two abortions was
made without prior knowledge of how these families
were distributed among the exposure categories, The
data in table 11 show that the trend was maintained.
Priot to exposure, the fetal death-rates in the control
and primary v.c.M. exposure groups were 6-9% and
3-1% (age-sdjusted), respectively, whereas, after expo-
sure, the rates were 6-8% and 10-8%, respectively, Sub-
sequently, data were eliminated for pregnancies of
women who hed experienced, firstly, more than one
abortion, and, secondly, more than three sbortions, and
each time the trend wis maintained. No changes in rates
for controls were observed, whereas a 2—3-fald increase
was observed in the primary v.c.M. group subsequent to
e€Xposure,

To determine whether differences in fetal loss might
have been the result of one or wo interviewers weight-
ing the results, the data were analysed by individusl in-
terviewer. The results demonstrated & general trend for
cach interviewer to report a higher awertainment
among v.C.M. polymerisation workers than among the
control group.

Furiher, the possibility was entertained that the intec-

* val between the date of interview and the date of fetal
lots might have infiuenced the results through dif-

735

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

Finally, the workers may have been subject to bias
resulting from prior knowledge of known hazards of
viny! ehloride. However, the workers themselves did not
always know into which of our employment categories
they were being allocated. For example, several p.v.c,
fabrication workers who were included in the control
group thought that they had a primary v.c.M. exposure
as a fabrication worker. In addition, the gquestions
regarding pregnancy outcome were contained in a rnuch
larger interview-questionnaire, the resulis of which
demonsirated very few significant differences with no
consistent bias 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 abowe tend to support the validity of the
study.

In summary, a significant excess of fetal loss was
observed among wives of workers following exposure to
v.C.M. The excess did not appear to be the result of bias
from interviewers or respondents, nor from women who
experienced chromic abortions weighting the results.
Several mechanisms by which such fetal loss may arise
are suggested. Either fetal or maternal toxicity or germ-
cell mutagenesis in the mother through indirect v.C.M.
exposure from the father might be considered, although
these mechanisns seern highly unlikely in view of the
highly volatile nature of v.c.M.'* When the findings of
the present study are taken in conjunction with the prior
demonstration of ® mutsgenic response via microbial
te3t systems and observations of significant excesses of
chromosomal aberrations among workers exposed to
V.C.M., the leading possibility is germ-cell damage in the
father through direct v.c.M, exposure, The increused
fetal mortality smoag wives of workers subsequen: to
V.C.M. eXposure now raises serious scientific and public-
health concern for the possible genetic risks of vinyl
chloride to man,

Requems for reprints abould be addressed to P.F 1, NLO.S.H,, Poxt
Office Building, Room 515, Cincinnat,, Ohio 45202, U.S.A.
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warused afier 1963. In particular, the incidence ot convul-
(o recorded for 1963 was more than doubie the 1963 figure.
| ind difbiculty in gr ping how such evid mdicates an as-
§  gostion between remaval of sdiuvant and disappearance of
yenous reactions. Even Dr Tiru, whom he ates, seems far from

L

oepenment of Bactenology and Virclogy,

Luwerity of Manchester,

f dswbener M13 9FT Notr W. Prestox

5, — The merits of whooping-congh vaccingtion will never
i witied by & series of levters it The Lancer, but | feel never-
cacicss that | most correct two of the statements made by Dr
gawli and Professor Stewart in their letter of May 15 (p.
1074). In the rmt place, Sako did publish clinical observaions
on vaccinated and comtrol subjecis, taking careful note of
agrure: 30 cascs in 159 exposed vaccinated or. 137 cases
(wub 13 deaths) in 149 exposed unvaccinated infants or young
cuidren. This is detailed in the reference cited, and further
details can be found in a later paper.! But others did far more

v~
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PATERNAL AOR DISTRIRUTION FOR FETAL DEATHS ACCORDING TO
HUABAND'S V.C, EXFOSURE

orefully designed studies than Sako, and obtained simnil
wawers; the work of Silverthorne, Miller, Kendrick, Singer-
Mecaks, Coppoline, Bell, and others is liberally cited in the
crature and T will not take up space by derailed references
Mre. One cannot, however, overlook the masterful studies by
o British Medical Research Council,® and the fact is that,
wub ihree exceptions, every properly controlled study on
whooping-cough vaccine hat shown it to be muderately to
wehly effective. It is, of course, possible to prepare a poor vac-
oo¢ sod, conceivably, a good vaccine thac is irrelevant because
of dufferences in serotype. But these problems have been cor-
maied in the UK., and Dr Fraser's analysis (May 1, p. 969)
segrests that, with a litde more attention 1o the younger in-
hazu, whoopingcough vaccine in Glasgow might prove satis-
fevory toall. .

My second point concerns alum. In the first place its use has
m “loag been discontinued'” as a component of vaccines; 3t
iow: four U.S. manufscturers sull use it and it is included in
= of the most widely used forms of diphtheris-tetanus-per-
tem vaccines. However, its use is diminishing since it is
Wnght 10 be leys effective as an sdjuvant than the other salts
of aluminjum. Yet this very fact renders Sako's results more,
Wpber than less, impressive,

< J Sardale R
! e

. GENETIC RISKS OF VINYL CHLORIDE

o 2 50,~=Dr Paddle (May 13, p. 1079) asks us to specify the
&; whod of data collection used in our wtudy (April 13, p. 734)
Wi shqw a tabulation of the dats before age adjustment,
' Mmpuuomdmdﬁmu.thedﬂn were obtained by inter-
b Ww with the workers. The range for response-rates, which
e dmilar for the siudy and control groups, were also in-
i:d-u. As we mated, the questions sbout pregaancy quicome
Wt contained in & much Jarger interview questionnaire which
8 the initial item of & cross-sectional health survey that in-

a phyvical examination, X-rays, and laboratory tens,

L:tlh tesults of the survey demonstrated very few significant dif-
s-SeeRces, g0ud no consistent bins toward a bigher prevalence for
& indices measured in either the study or control group. The
Warview protocols were administered by six intervicwers (two
> Wieive teamy of three imerviewers) from the Center for
}'\;’E:s_e Control, cach with experience in fieid health surveys.
F N inierview ook 15-30 min, and was cartied out in &
, .“k van interview booth, The intervicwers had participated
i U formal review of the questionnaire before the study. In

von.. (PEPINORE. AR "“W" .-

Grorrrey EnsaLL

a0, & physician member of the survey team reviewed
Pwive responses immediately after the interview and, where
Jpeopriate, sought further elsboration from the interviewee.
Mo, ¥ 1 P, 1947, 30, 29.
y Research Council Br. mad. J. 1939, i 994.

“Controls" i Primary esposure
Paternal
sge {yr) Pregnancies| Fetal desths Pregnascies) Frial deaths
Bufors sspours:
<20 M| 2 sy 7 0
10-24 20 4+ 3.0%) “ 2 (45%,
2529 i) 4 (10-5%) 13 T ($2:5%,
30-34 [ 1 27 s (18:5%,
>335 rude U: ] L] 1 -
All ages « mu 11 (&.9%) 148 15 (10-1%;
Mean paternal sge
at conctption 210 yr. 2.4y ..
Age-adjumed rate” . (6-9%) (6-1%)
Aftar axposure:
<20 1 [ 0 ..
0-24 43 A %) 22 3} (12-6%)
2829 87 3 (%) 43 11 (22.9%)
30-4 87 7 (80%) 3% 3 (M%)
>33 33 10 (10-2%) » 6 (18.2%,;
All ages, crude rag m V(1% 139 23 (16-5%,
Mena patarnal age
P 4y, 02y1.) - -
Age-adjvmed raie* - (8-8%) . .. (15852
* Fetal mortalit for primary v.£. exposire group s direct age adjusted
to the p } ape distribution of the p 0 the control group.,

The table shows dats for age-specific fetal mortality-rates
before age adjustment, for bath time periods (i.c , befor: and
afier the husband's exposure).

Belore the husband's exposure, the crude fetal mortality-
ratey are 10-1% for the study group and 6-9% for the control
group. However, after direct age adjustment the study-group
rate became 6-1%. This is the result of s younger paternal age
for pregnancies in the control group. For cxample, pregnancies
1o wives of men less than 30 years of age made vp 93-7%
(149/159) of the controlgroup pregnancies as compared to
72.3% (107/184) of the study-group pregnancics. Our paper
indicated this difference in age between the groups for before
exposure comparisons, Table 1 in that paper showed that the
mean paternal ages were 23.0 years for the control group and
26-4 yesrs for the study group.

As shown here in the table, subsequent to husband's expo-
sure, the crude fetal mortality-rates were 8-8% and 16-5% for
the control and siudy groups, respectively. With direct age
adjustment the 16.5% was reduced to 15-8%. Age adjustinent
for the subsequent to exposure comparisons resulted in little
change in the rates because the age distributions for pregnan-
cies in both the study and control groups aftcr exposure were
similar. For example, pregnancies ta wives of men younger
than 30 years of age made up 48-0% (131/273) of the control-
group pregnancics and 50-4% (70/139) of the study-group
pregnancies.

We hope this explanztion of the age-adjusunent procedure
is now clear. It is the fact that the two standard age distribu-
tions derive from the control group’s populations of pregnan-
cics, rather than of persons (whether fathers or not) that prob-
ably accounts for the numerical bebaviour that Dr Paddle
finds "“misleading"’.

In the subsequent to husband’s exposure comparisons, the
significant difference in fetal mortality-rates was a result of
Pregnancy outcome iated with husbands younger than 30
years of age. This difference was significant at p<0-001

(43=10-52, p.r.=1). If vinyl chloride (v.c.} is indeed related
10 this observed difference, the cxcessive fetal mortality at
these ages could, in theory, be a reflection of placing newly
hired personnel, with little or no senwority, in exposure cate-
gories that had relatively worse environmentsl exposures.

In our paper of April 3 we cited eight references which have
demonstratert that v.c. had elicited a positive response in mi-
crobiul test systems and had been associated wnh significant
excesses of chromosomal aberrations in lymphocytes of
workers occupationally exposed to it. Three additional studies
which also have demonsirated s positive mutsgenic response to
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v.C., have been drawn to our attention recently; in two of these
studies, the microbial test system was wed,' 2 while in the
third, Tradescantia was used.” Therefore, we do not agree with
Dr Paddle’s statement that this is an “isolataf”™ question.

Division of Sarveillance, Hazard

Evaluations and Field Studses, Natiogal PETER F.INFANTE

Inatituie for Occupatrons) Safery and Josera K. WacoNER
Heahh, Cinciansti, Ohwo 45226, U.S.A. und Axtrony J. McMicHAEL
Buresy of Epidemiology, Center for Distase i

Control sad Schoot of Public Hesith, RICHARD J. WAXWEILER
Univermty of North Caroling Hewxy Farx

PLASMA.GLUCAGON AFTER PANCREATECTOMY

Six,—Dr Barnes and Dr Bloom (Jan. 31, p. 129 reported
no circulsting inmunoresctive glucagon (1.8G.) in both the
basal state snd afier arginine stimulsion in five pancreatec-
tomised patients. Dr Gerich and his colleagues (Apnl 17, p.
855) have made similar observations in snother patieat. We
have cvalusted 1.2.G. dynamics {n a totally pameresteciomised
patient, with results guite different from those cited above.
Because of the heterogeneity of 1,0.0. species messured by anti-
senm 30K, we assay before and after acesame extraction. The
post-extraction assay messures predovninastly r2.6. of <9000
dnltons (s-1.%.G.), and subtrscting s-1.ms. from total plas-
ma4 a0, (unextracted) sllows quantificaion of the larger
molecular weight 1.R.G. species (L-1.2.6.),

A 30-year-old male, member of & multiple endocrine aden-
oma type 1 family, underwent a total pascrestectomy, hemi-
gastrectomy, and duodenectomy in 1967 for removal of an n-
sulivoma. He has remained free of disease subsequently.
Further evidence of wtal pancresteciory was afforded by
casentially unmeasurable basal levels of C peptide with failure
10 rise during an arginine infusion (by A. Rubenstein, Univer-
sity of Chicago), His basal, fasting concentrations of $-1.R.G.
and L-1.8.6., before an arginine infusion, 24 k after receiving
his standard insulin dose (21 units lente and 10 units semi-
lente) were 35 pg/mi and 104 pg/ml, respectively. These values
sre within normal limits for our laboratory. The accompany-
ing table depicts the plasms levels of small and large molecular
weight 1.8.6., glucose, and C peptide during the administrauon
of arginine {500 mg/kg/30 min). The arginioe infusion pro-
duced & small but definite rise in s4.%.G. wikh oo change in
LG, In addition, a 50 mg/dl increase in plasne-glucose con-
centration occurred concurrently with the jncresse in s-1.R.G.

Several factors may be involved in the difference between
our observations and those of Dr Barnes and Dr Bloom. Unger
et al., uting antiserum 30K, failed to demonsirais 1.1.G. in the
plasma of pidncreatectomised dogs;* subsequently several ins es-
tigators'~% have observed circulating 1.x.G. (30K) in pancrea-
tectomised doge (and other species) when they are deprived of
insulin for several days, damonstrating the seasitivity of exura-
pancreatic alpha cells to inhibition by ingulin. Because of ethi-
cal considerstions schieving this degree of insulin deficiency
may not be appropriate in man, but our patient may have been
more insulin deficient than those previously repored.
Although alpha cells indistinguishable from pancreauc alpha
cells have been reported in the stomach of man,® carlier work
by Muller et al.'® failed to demonstrate a risc in L.r.G. (30K)
with argimine infusion in two pancremtectomised patients.
However, these patients did have sigaificant plasma-f.r.G.

1. Gerro, A, J., Guttenplan, J. B, Milvy, P. Muration Ru3. 1976, 38, £1

2. Andrews, A. W., Zawustowsky, E. S, Valenting, C. R. ibid. (18 the pren

3. Sparrow, A Personal communication, -+

4. Unger, R. B, Ohneda, A, Apulsr-Parsds, E., Biseatrast, A. ] clin Irsvse.
1969, 48, 510,

5. Vrani, M., Prk, 5., Kowamori, R. Diabeces, 1974, 73, 903,

6. Matsuyame, T., Fon, P. Proc. Soc. exp, Biad. Mad, 1974, 175, 3~

7.Mashuter, K., Harding, P, Chou, M., Mahiter, G., Stawt, }. D a4, D,
Field. J. Endocrinology, 1975, 96, 678,

$. Dobbs, K., Sakuram, H., Fuleons, G., Velvende, L, Bactens. D,
Orcs, L., Unger, R. Science, 1975, 187, 544,

9. Unger, R. Lancet, 1975, 1, 1036.

10 Muller, W, Brennan, M., Tan, M, Aoki, T. Digbetes, 1973, 13, 412,
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GLUCOSE, I.R.G., AND € PIFTIDE CONCENTRATIONS DURING ARGININE

INFUSION

Time Glusome -LaG, L RG. Cpeptidy
‘min) g & {pg/mal) (pp/ml) (ng/mly
Control 224 35 104 0.7
10 238 17 103 .

20 342 T4 101 .

23 o . .- 0-7
Y 253 1 9" 0.7
33 . NS . .7
45 25% 77 " .
&0 2 68 92 .
90 274 5 9%

levels in the basal state. Plasma contains several differem mes-
ecular weight species thaty are measured as 1L.2.G. (30K)t 0
Therefore, it is possible that the antiserum used by Dr Barnes
and Dr Bloom does not react with all the 1L.a.G. plasma com-
ponents measured in assays using antiserum 30K. In addition,
the partial gastrectomy and duodenectomy that is usvally done
in conjunction with a total pancreatectomy in man may result
in at least partial removal of the source of extrapancrestic g
cagon and may vary in different patients depending upon the
extent of the surgery.

While our patient is potentially unique in being a member
of a family with multiple endocrine neoplasis, we feel that on
the basis of his results we can only conclude that: (1) in this
pancreatectomised man, 1.x.G. (30K) of both large and small
molecular weight(s) circulates in the basal state, and that a
least the small-molecular-weight fraction shows a rise with
arginine; (2) the increase in plasma-glucose that accompanied
the $-L.R.G. rise suggent that this s-1.R.G. is biologically active;
and (3) the existence of an extrapancreatic source of biolog-
ically active glucagon in man has not been cxcluded.

JERny P. PALMGR
Punrie L. Werngx
James W. Benson
Jonrn W, Exsines,

Department of Mediciac,
Diabetes Center,

University of Washingron,

Seattle, Washingion 95144, U5.A.

Sin,—We read with interest the article by Dr Bloom and Dr
Barnes (Jan. 31, p. 219) on the absence of pancreatic gluca-
gon-like immunoreactivity (1.R.G.) in the plasma of pancreatee-
tomised man. The data genersted cjametrically opposed visny
on the diabetogenic role of pancreatic glucagon by Dr Gench
and his colleagues on the one hand (April 17, p. 855) and Dr
Donowitz and De Felig on the other (Apni 17, p. 855). We
wish to add informauon which may help to resolve these con-
tradictory views.

In contrast to the findings of Bloom and Barnes, we!’ found
high levels of “pancreatic™ 1.x.G. in the plasma of & pancres-
tectomised pauent, as did Muller et al.** in two other patients.
Although 50% of :he pancreatic Lr.G. could be accounted for
by factors in plasma which interfere with the assay™ the rest
appeared immunometrically as pancrestic 1.R.G. and presum-
ably derived from an extrapancrestic source. In contrast 1
LR.G. in porcine duodenal exteacts,! which closcly resembles
true pancreadic 1.8.6., the LR.G. in pancreatectomised human
plasma is dissunilar 1o physicochemical properties (gel electro-
phoresis), is not sumulated by arginine, insulin hypoglycrmia,
or totbutamide, or suppressed by glucose, and has no apparent
role in blood-glucase regulation.!? We have previously!? referred
10 the various forms of gastrointestinal pancreatic 1.R.G. found

11 Valierde, 1, Dobbs, it . Lager, R Matabolum, 1975, 24, 1021.

12, Valverds, 1, Villanueva, M., Lozane, L., Marco, J. J. ciin. Endocr, Metab
(974,39, 1090

13. Bocha, J. L., Vinik, A 1, Child, P., sckson, W. P L. Unpubhsbed.

14, Muller, W. A, Brennag, M F, Tan, M. H., Acki, T. T. Diaberss, 1974, 23
12

1$ War, G C., Tuner B C. Mazun, D. B. Horm mer, Res. 1973, 8, 11

16. Sesaky, H,, Rubalcasa, B., Bactens, D., Blasquez, E., Srikan, C. B, Ont,
L., Unger. R. H oo, Inewst, 1978, §4, 135,

17. Vinik, A L, Jackson, W. P, U Lancer, 1975, i, 694,
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ONCOGENIC AND MUTAGENIC RISKS IN
COMMUNITIES WITH POLYVINYL CHLORIDE
PRODUCTION FACILITIES *

Peter*F. Infante

Qhio Department of Health
Cohunbus, Ohio 43216

Much attention has been focused on the relation between vinyl chloride
exposure and angiosarcoma of the liver,’-* Studies also have indicated that
vinyl chloride produces cancers of multiple sites in laboratory unimals® and
perhaps in humans.® Little information, however, is available regarding the
relation between vinyl chloride exposure and the developmental status of prod-
ucts of conception among women associated with such exposure, In a study of
stillbirths and miscarriages among wives of vinyl chloride workers in two plants,
Sclikoff * observed rates of 140/1,000 pregnancies in onc population and 72/
1,000 in a second population. Although there has been no explanation of these
findings, a comparison of these data with those for the state of Georgia, which
records all products of conception, results in rates that are two to four times
greater than the rate in Georgia.,® Miscarriages and stillbinths from the latter
source,” however, might still be underrcported, especially in the first trimester
of pregnancy, Because data on a national basis for miscarriages of all products
of conception are lacking, it is difficult to determine whether the rates in the
wives of these workers were actually higher than expected or whether they were
the result of differences in case ascertainment.

Ducatman and coworkers * also have observed a significantly greater number
of chromosomal breaks in lymphoceytes among workers exposed to vinyl chloride
as compared to controls; these findings have been duplicated in Sweden The
relation of chromosomal breaks in plant cmployees to mutagenesis and birth
defects in their children, however, has not yet been studied. In view of these
obscrvations, an cpidemiologic study of the distribution of congenital anomalies
in Ohio residents Jiving in the three communitics that have polyvinyl chlonde
production facilities was undertaken. Since the study by Tabershaw and Gaffey ©
had shown an cxcess number of deaths from cancer of the central nervous
system, leukemia, and lymphomas among vinyl chloride workers, data from
state vital statistics records for these neoplasms were also analyzed.

MATERIALS AND METNODS

~ The three Ohio communities that have polyvinyl chloride production facilities
lie in the northeastern part of the state. Two cities, Painesville and Ashtabula,
are situated about five miles from the coast of Lake Erie; the third, Avon Lake,

* This study was initiated at the request of the Industrial Union Department of
the AFL-CIO.

Reprint requests should be addressed to Dr. P. F. Infante, Division of Ficld Studies
and Clinical Investigations, Biometry Branch, P, O. Building, Sth and Walnut Streets,
Room 515, Cincinnati, Ohio 45202,
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iv located on the lake. Paincsville is about thitty nules to the west of Ashtabula,
and Avon 1ake lies about fifty miles west of Puinesville, The population of the
threc communitics ranges from 24,000 in Ashtabula to 12,000 in Avon Lake,
The polyvinyl chloride production facility in Ashtabula began operations ip
1954 the onc in Avon Lakv-hegan in 1946, Two plants are located in Paines.
ville; one began operation in 1946 and the other began in 1967. Between the
two census years 1960 and 1970, the population of Avon Lake inereased by
thirty percent, whercas the populations in the other two communitics have re.
mained about the same, The median family income in Paincsville is cqual to
that of the state as a whole, the median income in Ashtabula is below the stage
median, and the income in Avon Lake is above it.

Since 1968, information for specific congenital malformations in Ohio resi.
dents has been recorded on birth certificates.™ Since 1970, this information
has heen coded according 10 the International Classification of Discuses, 8th
Revision, as adapted for the United States (Codes 740-759)."* Any information
recorded under the congenital anomalies section of the certificate that did not
fit into these codes was omitted from the analyses. Thus, data for conditions
such as prematurity and hyaline membrane disease, and so on, were eliminated,
Data for deaths resulting from cancer of the central nervous system, levkemia,
and lymphomas in the adult population aged 45 ycars and older were also
analyzed. For lymphomas, data for mycosis fungoides from 1958 to 67 were
not included in the analyses.

ResuLTs

For the four-year period 1970-73, the numbers of children with congenital
malformations and rates per 1,000 resident live births were computed separately
for each of the three cities as well as for the cntire state.* These data are shown
in TABLE 1. For the entire state, the ratc of malformations per 1,000 live births
was 10.14. The rates in the three index cities ranged from 17.37 in Ashtabula
to 20.33 in Avon Lake. If malformations had occurred in the three cities at
the expected rate based on the state average (10.14/1,000 live births), the total
expected number of children with malformations in each of the three citics would
have ranged from 19.27 in Ashtabula to 7.48 in Avon Lake. As shown jn
TasLE 1, the differences hetween the observed and expected numbers of mal-
formations in cach city were significant at the p < 0.01 level by the x* test.
With data for all three of the citics combined, the occurrence of malformations
was much greater than expected (x* = 27.13, p < 0.001).

Malformations at birth in these three cities were then compared to congenital
malformations for residents living in the balance of the three counties in which
the cities were located. As shown in TasLe 2, the diffcrences in the frequency
of malformations were significantly greater in two citics versus the remainder
of the counties. With data for all three cities combined and data for all three
counties combined, the difference in the number of malformations per 1,000
live births between the cities and the balance of the counties was highly signifi-
cant (p < 0.001), To maximize sample size, data for the three index cities
were combined and the rates of malformations were computed for each year
and compared to the rates for the balance of the counties and for the entire
state. As shown in FIGURE 1, the rates for the balance of the counties and for
the entire state appear to be about the same, whereas the rate in the three index
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Ohio 719,287 10,14 7,295 - — .,’;‘

Ashtabula 1,900 17.37 33 1927 9.78 1 B .
alformations in Ohio resi- Paincsville 1,381 18.10 25 14.00 10.29 ¢ i ¥.¥
ce 1970, this information Avon Lake 738 20,33 15 7.48 75614 LT
Jfication of Discases, 8th All three communities 4019 18.16 73 4095 27.13 &

-759)."" Any information
he certificate that did not
Thus, Jdata for conditions
1d w0 on, were climinated,
ncrvous system, leukemia,
sars and older were also
cs from 1958 to 67 were

* Malformations are based on codes 740759 of the International Classification of
Diseases, Eighth Revision, 1968,

t Expected numbers are based on state rate/1,000 live births.
tp«0.01,
$ p <0.001.
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cities is about twice as great and appears ta be increasing 1o a slightly greater
degree with time, With regard 1o race, ten percent of the births during the
¢ period under study were among black women and ten percent of the children

with birth defects indicated were also black. In addition, mothers in the three

v

" children with congenital
were computed separately
1e. These data are shown
jons per 1,000 live births
from 17.37 in Ashtabula
red in the three cities at
00 live hirths), the total
h of the three cities would
can lLake. As shown in

index comunities who gave birth to children with malformations were, on the
average, one year younger than mothers in the balance of the counties who

TasLE 2

NUMBER OF BIRTIS AND MALFORMATIONS AND RATES FaR Turfe Srirciro CITIES
1IN COMPARISON 10 QCCURRINCE IN THE BALANCE OF THE COUNTILS IN WHICH
1HE InpEX CITIES ARE LOCATED: Yeanrs CoMBINED, 1970-73

Malformations
wpected numbers of mal- —_ Rates/ 1000
01 level by the x* test. Births N Live Bi;-lhs o
rrence of malformations . .
;. j  Ashtabuta 1,900 33 17.37 :
n compared 1o congenital H BMC“;‘::(;' Ashtabula 821 . 10 0.96 L
: three counties in which Painesville 1:381 2% 15.10 .
erences in the frequency Balance of Lake 1827 °
ics versus the remainder Coumy 11,842 84 1.09
d and data for all three Avon Lake 738 15 20.33
nalformations per 1,000 Balance of Lorain 4037
unties was highly signifi- County 18,544 22 11.97
¢ the three index cities !‘ 'g""hf“ cities 4,019 73 18.16

alance of all three 18.21 "
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delivered children with congenital anomaties. D hos, face and moternal ape dig
oot appear 1o be related 1o the observed diferences, I the thres index citigg
the malformation rates at the hospital where most of the area children we,-e'
born were consistently greater for the city children than for children from th,
balunce of the counties born at these same houpitals. Therefore, differences iy
reporting attributable to specific hospitals did not appear to be a factor,

On the basis of population size, three ‘other county-city combinations wep
then maiched to cach of the study arca county-city combinations and maiforma.
tion rates were computed for cach city and balance of the county, as done
previously for the study arcas. The differences in the frequency of malformg.

tions between the balance of the counties and the cities were not significant,

H

Gongenital Malipwmusion Rty por 1,506 Live Births

FiGure 1.
births in the

740-759).

Malformation rates were t

e Thvow index Cotinn -1
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1970 9N 1972 1973
YEAR
Congenital malformations in Ohio residents in rates per 1,000 live

thres index cities combined, in the balance of the counties in which
these cities are located, and in the entire stale, 1970-73. (ICD, 8th Revisien Codes

A

Hen computed for nine cities in the vicinity of the

index communities that were most similar in size to the index communities. In
the surrounding cities, two of nine had significantly grezter numbers of mal-
formations than eapected. One community, Geneva, whick is twelve miles from
Ashtabula, and a second community, North Ridgeville, ¢i;ht miles from Avon
Lake, had rates of 25 and 27 malformations/ 1,000 live births, respectively.
These data are shown in TasLg 3. Since North Ridgeville was proximate to
Avon Lake, data for the former were combined with those from the three
primary cities being studied, and the occurrence of specific malformations was
compared to the expected, which was based on the state average over the period
1970-73. TaBLE 4 shows data for observed versus eapected defects and relative
risks for specific malformations. Significant excesses were observed for defects
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. ace and maternal age did TamE 3 -
In the three index cities, : -

County anp C11y PorULATION AKD NuUMBLR OF RikTHS,

{ the area hildren were - MALFORMATIONS AND MALFORMATION RATE PER 1,000 Live BRTHS - "g
wn for ¢hildren from the roR THE Tiaee Omo Ci1ies wikRE POLYVINYL CHIORIDE 15 MANUFACTURED - H
Therefore, differences in anp FOR 10 Ciries SURROUNDING THE INDEX (CITIES: Yrars CompiNed, 1970-73 N :',.
~ar 1o be a factor. I .
y-city combinations were Malfor-
yhinations and malforma- mations .
of the county, as done ) County Popu- Indi-  Rafe/
frequency of malforma. County  Population * City lation *  Births cated 1,000 A
were not significant. Ashtabula 98,237 (. Conneaut 14,522 996 12 12.08 3
¥ 2. Geneva 6449 433 11 25.40 :
Ashtabula t 24313 1,900 33 17.37
Lake 197,200 3. Mentor 36,912 2,767 20 7.23
4. Willoughby 18,634 1,459 3 2.06 .
5. Eastlake 19,690 1,618 10 ., 618 ..
1 6. Wickliffe 21,354 1,077 7 6.50 L
[ 7. Willowick 21,231 841 4 476 Xy
] | Painesville 1 16,53 1381 25 1810 3
4 Lorain 256,843 8. North Ridgeville 13,152 1,174 32 27.26 2 X,
9. Lorain City 78185 6345 71 1119 LR 3
E 10. Elyria 53,427 4811 46 9.56 i 2
Avon Lake t 12,261 738 15 20.33 ' : % H
- 1 ¢
L * County and city population figures arc based on estimates of 1972 population. 53\;’?‘: ]
h " t City with polyvinyl chloride manufacturing facility. : ﬂgﬁ *
Sy
= ] i3
TEe T - . r-.e., ';f‘ 3
TABLE 4 ?;:- A
} [, T
173 ) OBSERVED Vs, EXPECTED AND RELATIVE RISK FOR R > ?
SPecIFic CONMGENITAL ANOMALIES (N INDEX AREAS: 1970-73 IS s& g
Number of Cases . ’?%. 2; 4
. Defect Category Observed  Expected RR* : ;?‘? “ 5
in rates per 1,000 live —— ST e
»f the counties in which Central nervous system (470-749) I 17 5.62 3.02 i‘-"%' “ 3
ICD, #th Revision Codes Eye (744) o 0.58 0.00 RS AP
Ear, face, neck (745) . 1 135 1.48 _— i %
Heart (746) 3 2.32 1.29 %}'ﬂ %
Other circulation (747) 1 0.48 2.08 R E:
. o Respiratory system (748) 2 0.57 1.51 mE R
es the \u:\mty_Of the { Cleft palate and lip (749) 10 6.54 1.53 4 ¥
index communities. In L Other upper alimentary tract (750) 1 2.33 5.8 I
eater numbers of mal- Other digestive system (751) 4 1.90 2.:1 B
ch is twelve miles from Genital organs (752) 16 8.40 1.40 . i
cight miles from Avon Urinary system (753) 0 0.56 0.60 DoEE g
ve births, respectively. Clubfoot (754) 23 8.23 279 . %
ville was proximate to Other limbs (755) 13 .10 1.17 Liihow
those from the three " Ol!'ner musculoskeletal (756) 1 1.88 0.53 sl i
ific malformations was ‘ Skin, hair, and nails (757) 5 278 1.80 UE
h iod Other unspecified (758) 2 0.54 3.70 B
verage over the peri Multiple systems (759) 3 3.63 0.83 R
cd defects and relative - b oud e}
e observed for defects > * RR (refative risk) = observed/expected. P g & \i
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of the central nervous system, upper alimentary tract, genital organs, and club.
foot. Because of the severity of the defects involved, the greatest cause fo
concern appears to be defects of the central nervous system. These were anen'_
ccphaly, spina bifida, and hydrocephalus, Since state records indicated thay
two-thirds of the children with anencephaly are found among stiflhirths, observeq
versus expected anomalics of the ccntral ncrvous system were computed for
stillbirths and live births of residents in the three communities with polyviny)
chloride production facilitics, plus North Ridgeville, which was located proyj.
mate to Avon Lake. With all communities combined, the data in TABLE 5 shy,
that there were significantly greater numbers of central nervous system defects
than expected, both among stiflbirths and live births. Among stillbirths ang
live births combined, there were 25 CNS defects observed versus 8.42 expected,
More than half the cases occurred in Painesville and six cach occurred in Nopy,
Ridgeville and Ashtubula, whercas none were observed in Avon Lake. There
were 8 CNS anomalies versus 2.8 expected among stillbirths and 17 versug 56
expected among live binths. Of the cight stillbirths, four had anencephaly,
three had spina bifida with hydrocephalus, and one had hydroccphalus only,
All four of the stilibirths with anencephaly occurred in Painesville,

Since the report by Tabershaw and Gaffey * has shown an excess of deaths
from CNS tumors, lcukemia, and lymphomas among workers cxposed to vinyl
chloride, obscrved deaths from these cancers were compared to the expected
number for the white population ages 45 years and older for the period 195873,
Since there were no deaths reported in blacks for any of these cancers, data are
shown only for whites. The risk of death from these cancers in the community
is expressed as a Standardized Mortality Ratio (SMR),'* which is the ratio of
the number of observed to expected deaths based on a standard population
times 100. The Ohio white population over the same period was used as the
standard population, With the data for all four communitics combined, Taste
6 shows there were 38 deaths from CNS tumors versus 24 expected, significant
at p < 0.01 by x>-testing. The greatest contribution to the cxcess CNS tumors

TABLE §

OBSERVED AND EXPECTED ANOMALIEs oF THE CNS anxp RELaTivE Risk
AMONG LiVE AND STitLBIRTHS IN THE Inpex AReA ComMMUNITIES: 1970-73

Live dnd

Among Among Stillbirths
_Stillbirths Live Births Combined
Observed/ Observed/ Observed/
Expected RR* Expected RR Eapecied  RR
Ashtabula 2/1.03 195 4/2.05 1.95 6/3.08 1.95
Painesville 5/0.75 6.70 8/1.49 5.36 137224 5.80
Avon Lake 0/0.40 0.00 0/0.80 0.00 0/1.20 0.00
N. Ridgeville 1/0.63 1.58 5/1.27 3194 6/1.50 316
Communities
Combined 8/2.81 2.85 17/5.61 3.03 25/8.42 2971¢

* RR =relative risk.
T p < 0.001.
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ConMUuNITIES:  1970-73

T Liveand
Stillbirths
Combined

Observed/

R Expected  RR

5 6/3.08 195

6 13/2.24 5.80

0 0/1.20 000

4 6/1 90 118
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Tanir 6

Onsirvin asp Fxriciin CAncer Duaius AN Stanpawmzin Morraroy Rartos
Jor Risingnis 45 Yrars anp Orour v tsorx Comaunnins ny Si1x: 1958-73 *

"'Sexes Combined

Males .- F:rﬁiit?s i
Communitics Obs./Exp. SM¥% Obs./Eap. SMR Obs./Exp.  SMR
T T Tens
(191-192)
Ashtubula 7/690 101 6/474 127 13/11.64 112
Paingsville 12/4.26 242 2/3.14 64 14/7.40 189
Avon Lake 2/).68 119 1/1.05 95 3/2.73 110
N. Ridgeville 6/1.43 420 2/0.87 230 #/72.30 348
Communities com-
bined 3872407 158 +
[cukemia und Aleukemia .
(204-207)
Ashtabula 13/12.63 103 11/9.38 117 24/22.01 109
Painesville 8/747 107 7/6.34 110 15/13.81 109
Avon Lake 1/2.70 kY 5/1.84 272 674,54 132
N. Ridgeville 2/2.47 81 0/1.68 1} 2/4.15 48
Communitics com-
bined 47/44.51 106
Lymphomas
: (200-203)
Ashtabula 18/14.77 122 14/12.29 114 32/27.06 P8
Painesville 12/8.88 135 4/8.25 48 16/17.13 3
Avon Lake 4/3.50 114 5/2.53 198 9/6.03 149
N. Ridgeville 3/3.07 98 1/2.25 44 4/5.32 75

Communities com-
bined

81/55.34 110 _

+p <001,

deaths was from malc residents of Painesville. If these were eliminatzd from
the analyses, the differences between expected and observed deaths would not
have been sigmficant, Although the numbers are small, the data also show an
cxcess of CNS tumor deaths in North Ridgeville males, who had an SMR of
420. Jf these findings are compared 1o the data in TAsLE 5§, it may also be
observed that the same communitics had the greatest excess of CNS aromalies
amaong stillbirths and live births, especially Painesville.

Deaths attributed 10 leukemia and aleukemia (Codes 204-207) and to
lymphomas (Codes 200-203) in the communities appeared to be atout the
same as the eapected, For the balance of the counties, mortality from CNS
tumors and leukemia was not significamly different from the expected.  hese
data are shown in TasLe 7. Deaths from lymphomas, however, were signifi-
cantly lower among white males in the balance of T.orain County and among
white females in the balance of Ashtabula County.,
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DisCUSSION AND SUMMARY P tethe
z b,;u\ccr
The results of the findings suggest that mothers living in communitics with and st
PVC-production facilities gave birth to an excess aumber of children wipp {
congenital malformations as compared to the expected based on the state average
or based on the experience in the balance of the counties in which these citjey i
arc located. Other county-city combinations matched by population size showed '
o no significant differences in incidence of congenital malformations. Materpg] : La
& age, race, and possible differcnces in hospital reporting were not considered of the
f;; factors accountable for the observed differences. With regard to specific mal. N
‘G 1}
TaeLE 7 L C
Onsraven aNp ExprCTED CANCER Drarns anp STANvARDIZLD MORTALILY Rayios

roR RESIDENTS 45 YEARS AND OLDER IN BAtaNce oF COUNTILS, BY SkX: 1958-73 2, €

il " CNs Tt T
t%'-‘ I (191-192)
» - )

I .- : Balance Males Females Sexes Combined
¥ of County Obe/Exp. SMR  Obs./Exp. SMR Obs./Exp. SMR
§ Ashtabula 19/21.42 89 11/13.26 83 30/34.68 87
Lake 32/34.78 92 19/21.41 89 51/56.19 91

Lorain 50/50.89 98 39/31.95 122 89/82.84 107

Leukemia and Aleukemia
E (204-207)

‘.
o i i, PO —— Sy I~ -
-~
> N

Ashtabula 44/38.15 115 24/26.30 91 68/64.45 106 7
. Lake 49/50.55 97 39/35.56 110 88/86.11 102 ’
N Lorain 91/83.37 109 53/59.54 89 144/142.91 101 8.
Lymphomas 9
(200-203) ‘ '
Ashtabula 39/45.05 87 16/3432 47t  55/7937 691 !
Lake 718/64.76 120 50/48.37 103 128/113.13 113 . 10.
Lorain - 78/101.60 77 74/78.76 94 152/180.36 -2 g
* p <0.05, 1.
t p <0.01.

formations, anomalies of the central nervous system appear to be of the greatest
concern. An excess number of central nervous system defects was observed
among stillbirths and live births from the index cities, with thc exception of
Avon Lake. Most of the excess, however, was attributable primarily to Paines-
ville and secondarily to a community located proximate to Avon Lake, North
Ridgeville. Dcaths from central nervous system tumors in adult male residents
of Painesville and North Ridgeville were also significantly greater than expected.
On a community basis, cxcess deaths from the other cancers were not apparent.
) Since many underlying factors could be responsible for the mutagenic and/or
£ teratogenic and carcinogenic mechanisms involved, these preliminary findings
e : obviously do not link polyvinyl chloride production with the increased occur-
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nales Sexes Combined
ap. SMR Obs./Exp. SMR
‘6 83 30/3468 &1
1 89 51/56.19 91
5122 89/R2.84 107
tmia

[ 91 68/64.45 106
6 110 88/86.11 102
4 89 144714291 101
2 47 t 55/79.37 69 t
7 103 128/113.13 n3
6 94 152/180.36 84 *
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R
rence of congenital madformations and contral nervous systom tumaors, hut indi-
wate the need for further stady of posable contributing factars, Posable relations
between ceniral nervous system tumors in adults wnd CNS doelects among live
and stitlbirths in other populations might also be given consderation.
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