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ylene (~ 350 000 tons/year) in 1963. Ethylene is also
the primary product in three of the other plants. These
produce substances such as polyethylene, chlorine,
vinyl chloride, polyvinyl chloride, ethylene oxide,
amines, glycols and phthalates. Chemicals are emitted
into the air both through various types of leakage and
specific emissions.
As part of an extensive air control plan, measurements of several compounds emitted from the
petrochemical plants have been made at six measuring
points in the residential area in Stenungsund, and the
mean concentration of these compounds during one
year has been estimated.4 The mean concentration of
ethylene was 10-50 ppb while the concentration of
propylene, ethane, propane and phenol was less than 6
ppb. Eight other compounds had mean concentrations
of less than 1 ppb. Over short periods (1% of the year)
the levels can be more than 10timeshigher. Ethylene is
thus the main air pollutant in the Stenungsund area.
The control area in this study was Kungalv, a town of
similar size and population density (12 800 inhabitants
in 1984) but without petrochemical plant located 24 km
south east of Stenungsund and not exposed to emissions from the petrochemical industries. Information
from the Swedish Population and Housing Census
19803-4 shows that the proportion of economically
active people in Stenungsund was 69% and 67% in
Kungalv. In Stenungsund, 17% of the economically
active people worked in chemical industries compared

In recent years, increased attention has been focused
on the effects of environmental exposure on human
reproduction. Miscarriage, malformations and birth
weight are examples of endpoints that have been used
in studies in a population living near a copper smelter
in Sweden.1-" No such studies on populations in areas
with petrochemical plants have so far been published.
In Sweden, the petrochemical industries are all
located in one small area, Stenungsund, in the south
west of the country (Figure 1). The first plants began
operating in the mid 1960s, and their activities have
gradually expanded.
The aim of the present investigation was to study if
the outcome of pregnancy in the area with exposure to
air emissions from the petrochemical industries, compares unfavourably with the outcome of pregnancy in
an unexposed region.
SUBJECTS AND METHODS
Study Area
In the Stenungsund district on the west coast of
Sweden, five petrochemical plants are located at a
distance of about 1 km from the northern part of a
densely populated area which in 1984 had approximately 10 000 inhabitants (Figure 2).
The main industrial plant started production of ethDeptrtment of Environmental Hygiene, University of Gothenburg,
Box 33031, S-40033, Gothenburg, Sweden.
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The association between exposure to emissions from petrochemical industries and outcome of pregnancy was
examined in a small area of Sweden. The study was based largely, but not entirely, on questionnaire data and
evaluated the pregnancies which occurred between the end of 1963 and 30 June 1981 for a sample of 1400 women
born between 1935 and 1960. In addition to the questionnaire study. Information on all Infants bom between 1973 and
1981 in this area was obtained from central registers.
The miscarriage rate was slightly elevated in the exposed area (OR = 1.15,0.75-1.76,95% confidence interval). While a
statistically significant increase in miscarriages was found for a small subset of women who worked for one of the
petrochemical companies during pregnancy (OR - 6.6, 2.3-19.2), the overall results did not support the hypothesis
that ambient community exposures were associated with an increasedriskof unfavourable pregnancy outcome.
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FIOUIE 1 Map of the south ofSweden and the location ofthe study area.

to 2% in Kungalv. Engineering industries and food
production were the two largest branches of the industry in Kungalv. One per cent of the gainfully employed
living in Kungalv worked in Stenungsund, and 2.7% of
the working population living in Stenungsund worked
in Kungalv.
Study Design
Seven hundred women born between 1935 and 1960
and living in Stenungsund (34% of the women in this
age interval) and 700 women in the same age interval
living in Kungalv (29%) were selected randomly from
computerized lists based on birth date obtained from
the County government board.
In April 1982 the 1400 women were mailed a questionnaire on pregnancy outcome and exposure during
pregnancy. A reminder was mailed three weeks later to
those who had not responded and a second reminder
after an additional three weeks.
In the questionnaire, information was requested on
all pregnancies, including induced abortions and ectopic pregnancies. Other questions involved place of
residence, occupation and place of work during the
first trimester of the pregnancy. Questions were also
posed on the situation in the month prior to pregnancy
concerning occupation, working time and heavy lifting
as well as concerning the last six months of the pregnancy. Smoking habits, medications taken and diseases during pregnancy were also investigated.

Information on paternal employment, marital status or
per capita family income was not requested.
Questions were posed regarding pregnancy outcome
on duration of gestation, delivery date, sex and birth
weight of the child, perinatal mortality and malformations. With regard to miscarriages, questions were
posed on the time they occurred and whether the miscarriage had been verified by a physician.
Miscarriages reported in the questionnaire were
included in the study only if they could later be verified
in hospital records or, if medical attendance had not
been obtained, if they were anamnestically reported in
the records from later contacts with medical care.
The national identity numbers (approximates social
security numbers) of the 1400 women were linked to
the Inpatient Registry for Somatic Care at the National
Board of Health and Welfare in order to obtain information on hospitalized spontaneous abortions
between 1973 and 1981. The registry covers approximately 80% of Sweden and contains the discharge
diagnosis for all patients treated in hospital.
The personal identification numbers were also
linked to the Medical Birth Registry at the National
Board of Health and Welfare. The Medical Birth Registry contains the medical records in computerized form
of all women who gave birth in Sweden subsequent to 1
January 1973. Information on birthweight, length of
gestation, Apgar score and number of previous pregnancies were collected from this registry for deliveries
that occurred after 1972. For cases in which the
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densely populated area
FIOUIE 2 Map of Sttnungsund showing the location of the petrochemical industries and the classification of the
populated area.

number of pregnancies in the questionnaire did not
correspond to the data in the Medical Birth Registry,
hospital records were investigated.
Information on the number of pregnancies among
the non-respondents was obtained from records at the
maternal health centres in Stenungsund and Kungalv
and the delivery departments of the five hospitals in the
region. For each pregnancy information on maternal
age, year, outcome and address was collected. The
reviewing of records in this group was allowed by an
ethics committee.
Pregnancies in Stenungsund were divided into two
groups according to the distance of the subject's
address from the industries during pregnancy (Figure
2). The division was chosen to be the contour line of 20

ppb ethylene concentration in Stenungsund.4 Information on all addresses was collected from records at
maternal health centres and hospital delivery wards.
At the same time corrections of birthweights
erroneously reported in the questionnaires, were
made. Similar corrections were also made for birth
weights of children in the control area.
The miscarriage rate was defined as the number of
miscarriages divided by the number of miscarriages +
the number of induced abortions + the number of
births. Ectopic pregnancies were thus excluded.
The comparison of miscarriages between Stenungsund and Kungalv was made in two separate ways. In
the first analysis, the number of pregnancies was the
basis of comparison. A logistic regression model was
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TABLE 1

Age

<25
25-34
*35
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Percentage of non-respondents in Stenungsund and KungSh
by age at time of questionnaire distribution
Kungalv

StcnungHind

No.

%

No.

%

14
41
82

15.2
15.3
24.1

17
50
86

15.3
19.4
26.0

TABLE 2

Respondents
Data in questionnaire (verified)
Data not reported in questionnaire*
Non-respondents
Tola!

RESULTS
In all, 1110 of the 1400 females responded to the questionnaire (79.3%). The proportion of non-respondents
was slightly higher in Kungalv than in Stenungsund and
was highest among women 35 years of age or older at
the time of the distribution of the questionnaire (Table
1). Seven questionnaires (four in Stenungsund, three
in Kungalv) were excluded from the analysis owing to
incomplete answers.
Table 2 shows the number of pregnancies among
respondents and non-respondents. A total of 2673
pregnancies were reported in questionnaires or found
in hospital records. The miscarriage rate was 9.7%. Of
the 1987 pregnancies among the respondents, 48 pregnancies (2.4%), mainly induced abortions and miscarriages, were not reported in the questionnaires.
In addition to the 258 miscarriages reported in Table
2,19 miscarriages were reported in the questionnaires
but excluded as they could not be verified.
Table 3 shows odds ratios of miscarriage in relation
to infectious diseases, medication, smoking, heavy lifting, shift work and work in the chemical industry
during the first trimester. As the reported exposures,
except for smoking, were almost the same for the
month prior to pregnancy, only odds ratios in relation
to exposure during the first trimester are reported in
the table.
An elevated miscarriage risk of borderline significance was found in the group of women who reported
shift work during pregnancy. The proportion of
women who reported doing shift work during pregnancy was higher in Kungalv than in Stenungsund.
Work in a chemical industry was the only occupational
group with a significantly increased miscarriage risk
out of 24 groups with more than ten pregnancies.
Eleven out of 15 pregnancies in this group occurred in
Stenungsund and none in Kungalv. No significantly
increased risk was found among women who reported

Outcome of pregnancies among respondents and non-respondents

'

Delivery

Induced abortion

Miscarriage

Total

Miscarriage rate (9b)

1638
2
510

130
31
104

171
15
72

1939
686

8.9
31.3
10.5

2150

265

258

2673

9.7

48
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used, in which maternal age, pregnancy order, number
of previous miscarriages, shift work and work in chemical industries were included. Pregnancies in Kungalv
were used as reference pregnancies in the calculation
of the odds ratio. In the comparison between Stenungsund and Kungalv, pregnancies which began before
1964 or after 30 June 1981 were excluded.
In the second analysis, the number of miscarriages
per woman was used in the comparison between Stenungsund and Kungalv. The women were divided up in
terms of their total number of pregnancies and age at
last pregnancy. Pregnancies that occurred before 1964
or before the women moved to Stenungsund or
Kungalv were excluded.
The statistical analysis was made by means of the
Pitmans permutation test, where the stratified data
were weighed according to Mantel.7
The analysis of birth weights was based solely upon
the verified weights in pregnancies after 1963. Twins
were not included in the analysis. As smoking habits
were reported to be similar in Kungalv in Stenungsund
also within birth order strata, the pregnancies were
only stratified for parity (1, 2, 3+).
In addition to the questionnaire study, information
on all infants born between 1973 and 1981 in Stenungsund and Kungalv was obtained from the Medical
Birth Registry and the Registry of Congenital Malformations. The number of perinatal deaths and infants
with malformations was obtained and compared to the
expected numbers. The annual number of births and
registered malformations at the three hospitals, in
which over 99% of the children in Stenungsund and
Kungalv were bom, was the basis for the calculation of
expected numbers. The birthweight distribution of all
single births in Sweden between 1973 and 1981 was the

basis for the calculation of the expected number of
infants with birth weight less than 2500 g in Stenungsund and Kungalv. Year of birth, sex of infant and
maternal age were taken into consideration in the
analysis.
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TABLE 3 Odds ratio' of miscarriage in relation to infectious disease,
medication, smoking and work conditions, during the first trimester.
Non-respondents are excluded

95%
Exposed to:

confidence
interval

2
138

1.27

0.28-5.70

1
141

0.28

0.04-2.05

1464

603
301
956

58
33
86

1.15

134

0.93-1.42
0.87-2.06

559
784

50
66

1.15

0.78-1.72

57

9
137

2.07

0.98-4.34

6
139

6.58

2.26-19.16

No.

No.

Infectious disease

yes
no

16
1429

Medications**

yes
no

34

Smoking
>1 rig/day
>10 cig/day
0 cig/day
Heavy lifting

yes
no
Shift work

yes
no

1511

Work in chemical
industry

yes
no

15
1549

* controlled for maternal age, pregnancy order and number of previous miscarriages by a logistic regression model.
** comprising only drugs known or suspected to have reproductive
toririty.

that they smoked more than ten cigarettes a day, as
compared to non-smokers.
Table 4 shows the distribution of pregnancies after
1963 in relation to place of residence during the first
trimester and the results from the logistic regression
analysis. Apart from the small group living 'abroad'
(only 57 pregnancies), the highest miscarriage rate was
found in area A in Stenungsund (12.4%). In Kung&lv
TABLE 4

Outcome of pregnancies and odds ratio of miscarriage in relation to place of residence during the first trimester

B

A

Stenungsund
Area A
AreaB
Area A+B
Kungllv
Gothenburg
Other urban
areas
Rural areas
Abroad

Delivery

Induced
abortion

Miscarriage

Total

Miscarriage
rate(*)

Odds
ratio

9 5 * conf.
interval

Odds
ratio

9 5 * conf.
interval

354
118
472
535
328

47
15
62
99
27

57
16
73
71
36

458
149
607

12.4
10.7
12.0

1.21
0.96
1.20

0.83-1.77
0.53-1.75
0.85-1.70

1.21
0.79
1.15

0.76-1.91
0.37-1.69
0.75-1.76

705
391

10.1

1.0

9.2

0.90

0.59-1.39

0.77

0.44-1.34

226
115
39

38
23
10

23
12
8

287
150
57

8.0
8.0

0.79
0.79
1.44

0.48-1.29
0.42-1.51
0.65-3.19

0.66
0.88
1.34

0.35-1.26
038-2.02
0.38-4.67

14.0

1.0

A — Maternal age, pregnancy order and number of previous miscarriages are included In the regression model
B - Maternal age, pregnancy order, number of previous miscarriages, work in chemical industry and shift work arc included in regression model

Downloaded from http://ije.oxfordjournals.org/ at Simon Fraser University on June 7, 2015

Odds
ratio

Pregnancies Miscarriage

the miscarriage rate was 10.1%. A large number of
pregnancies occurred before the women moved to Stenungsund or Kungalv. The miscarriage rates in these
groups were slightly lower than in Kungalv.
Sixteen out of the 223 miscarriages occurred after
the 16th week of gestation. Five of these were in Stenungsund, five in Kung&lv, four in Gothenburg and
two in the group who were 'abroad'.
The odds ratio of miscarriage in Stenungsund was
not significantly higher compared to Kung&lv (OR =°
1.20), and after adjustment for shift work and work in
the chemical industry, the odds ratio decreased to 1.15.
None of the other groups had significantly different
odds ratios in comparison to Kungalv.
Fifteen per cent of the women in Stenungsund (53
out of 360) and 13% in Kungfilv (50 out of 379) had had
one miscarriage. Only 18 women had had more than
one miscarriage (2.5% in Stenungsund and 2.4% in
Kungilv). The difference between Stenungsund and
Kungalv with regard to the proportion of women with
1, 2 or 3 miscarriages, adjusted for age and total
number of pregnancies was not statistically significant
(p = 0.14).
In the questionnaire study, the perinatal death rate
among children was found to be 0.6% in Stenungsund
and 1.1 % in KungSlv. The analysis of Apgar scores for
children bom in 1973 or later showed that 1.4% in
Stenungsund and 2.2% in Kungalv had Apgar scores of
less than 7. The proportion of Apgar scores of 7-8 was
3.6% in Stenungsund and 3.8% in Kungalv.
Table 5 shows the birthweights of the infants in
Stenungsund and Kungfilv born in 1963 or later. Stenungsund was divided into two areas according to distance from the industries. Approximately 75% of the
children belonged to area A and 25% to area B. In
Stenungsund as well as in Kungalv the mean birth
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TABLE 5 Binhwdghts of infants born after 1963

Birth order 1

Stenungsuod
Area A
AreaB
Are* A+B
KungUv
Gothenburg
Other towns

Birth order 3+

Birth order 2

No.

mean ± SD

No.

mean ± SD

No.

mean ± SD

149
36
185
221
107
68

3448±504
3556±544
3464±507
3405±581
3326±633
3492±475

132
54
186
198
56
57

3649±5O7
3558±576
3621 ±529
3557±509
3523±456
3460±661

69
30
99
112
23
34

3693±558
3614±515
3667±546
3607±533
3607±385
3531 ±659

DISCUSSION
The major pollutant in this area is ethylene, which has
been reported to be metabolized to ethylene oxide in
rats.1 Although the relevance of thisfindingto humans
is unknown, the environmental exposure to ethylene
seems to be the most potential reproductive hazard
among the agents emitted in this area. Ethylene oxide

has been associated with increased risk of miscarriage
in occupational environments.9
Information on malformations was obtained from
the Registry of Congenital Malformations in addition
to the Medical Birth Registry. Only malformations
detected during the first week of life are recorded in
these registers. In addition, a certain degree of underreporting of malformations is present in both
registers.10
The Registry of Congenital Malformations has
higher diagnostic precision than the Medical Birth
Registry with respect to malformations and lists only
major malformations. This explains the difference in
the number of malformations between the two registers. There was no evidence of a highly elevated malformation risk in the area with petrochemical
industries. The probability of any twofold risks of
serious malformations being detected was approximately 80% (a = 0.05).
Birthweights of children born before 1973 were collected from delivery records if the mothers were living
in Stenungsund or Kungalv during pregnancy. The
reason for this supplementary addition was that in a
previous study birthweight was incorrectly reported in
questionnaires in 28% of the children." As the birth
weights of children in the group of non-respondents
TABLE 6 Number ofsingle births, perinatal deaths, malformed infants
and infants with birthweight less than 2500 g in Stenungsund and
KungBlv
Stenungsund
Number of births
Perinatal deaths
Malformed infants
Medical Birth Registry
Registry of Congenital
Malformation
Birth weight <2500 g
Birth order 1

2
3+

Kungfitv
1527

1255
11.9

obs
15

exp
14.4

33

41.8

44

50.9

9

13.2

20

16.8

14
9
7

22.6
14.1

28
13
9

30.1
17.3
9.3

obi

«P

10

8.8
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weight increased with birth order of the child. The
increase between second and third child was, however,
not statistically significant. The mean weights were
slightly, but not significantly higher in Stenungsund
than in Kungalv. There was no tendency toward
reduced birth weight in the area close to the industries.
As the number of children in each group was small, the
confidence intervals were wide.
The analysis of malformations based upon information in questionnaires may be thought of as a supplement to the additional analysis on the total
population in Stenungsund and Kungalv. Between
1973 and 1981 no malformations in addition to those
recorded in the registers were reported in the questionnaires. Two malformations (congenital heart defect
and diaphragmatic hernia) were reported among 191
infants in Stenungsund born before 1973 (1.0%). In
Kungalv seven cases were reported among 219 infants
(3.2%). The reported diagnoses in Kungalv were
hypospadias (two cases), congenital heart defect, limb
reduction, kidney dysplasia, syndactyly and club foot.
Table 6 shows the number of perinatal deaths, malformed infants and infants with birthweight less than
2500 g among all single births in Stenungsund and
Kungalv between 1973 and 1981. Thirty infants in Stenungsund had birthweights less than 2500 g, the
expected number being 45.5 (obs/exp = 0.66; 95%
confidence interval (0.44-0.94)). The number of malformed infants in Stenungsund according to the Registry of Congenital Malformations was also lower than
expected. Apart from two cases of cleft lip/palate the
malformations were all of different types in
Stenungsund.

PREGNANCY AND PROXIMITY TO PETROCHEMICAL INDUSTRIES IN SWEDEN

in this group were among women working in one of the
industries during pregnancy. An extended study of the
outcome of pregnancy among all women working in
this industry since 1973 is in progress. A large number
of chemicals, including ethylene oxide, are used at
these plants.
In conclusion, several endpoints on the outcome of
pregnancy have been used in this investigation in order
to study the effects of environmental exposure to emissions from petrochemical industries. The results do not
support the hypothesis that the exposure levels present
in this area are associated with an increased risk of
unfavourable pregnancy outcome.
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were collected in a similar way, the ascertainment of
birthweight was complete. The same procedure was
used for data collected on perinatally dead children.
Underreporting of miscarriages in questionnaire
studies has previously been demonstrated.12'13 In the
present study, underreporting was minimized by supplementing the data with information on miscarriages
found in hospital records during the examination of
birthweights. Additional miscarriages found in the
Inpatient Registry for Somatic Care were also included
in the study after verification in hospital records. As
scrutiny of hospital records was also made for the nonrespondent group, there is reason to assume that the
number of clinically observed miscarriages in Stenungsund and Kungalv is virtually complete.
In order to correctly compare the miscarriage rates
between different groups, information on the number
of induced abortions is needed." The results in Table 2
indicate that having an induced abortion is a possible
reason for non-participation. Although the induced
abortions reported in the questionnaires have been
completed with data from hospital records, it is possible that some cases are missing. It is not likely, however, that this number is large enough to influence the
odds ratios of miscarriages.
In most previous studies of miscarriages rates, the
individual pregnancy has been the basis of statistical
analysis. This has been criticized, as several pregnancies of one woman arc not independent events.u It is
thus possible that a few women who have several miscarriages each raise the miscarriage rate in any given
geographical area. Therefore, in addition to the traditional analysis, the proportion of women with different number of miscarriages was analysed in the two
areas. No accumulation of women with recurrent miscarriages was found either in Stcnungsund or Kungalv,
and the proportion of women who had had one or
several miscarriages was not found to be statistically
higher in Stenungsund.
The overall miscarriage rate in the present study was
9.7%, which is somewhat lower than the 11.1% found
in a previous study of laboratory technicians that used
similar methodology.13 Although the overall miscarriage rate was somewhat higher in Stenungsund than in
Kungalv, the odds ratio for miscarriage was not significantly higher after correction for confounding factors.
If the miscarriage risk had been 50% higher in Stenungsund than in Kungalv, the probability of detecting
that increase would have been 90% (a = 0.05).
One of the strongest risk factors in this study was
work in the chemical industry, which was also a confounding factor. All five miscarriages in Stenungsund
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