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Objective The purpose of this study was to determine if emissions from a smelter affect the birthweight of 
offspring and increase the risk of perinatal death. 
Methods A historical cohort was formed from registers of birth and employees from 1961 to 1991. Compari- 
sons of birthweight and perinatal deaths between children born to smelter employees or children born to women 
living around the smelter and those of a reference population were performed. To study reproductive effects 
before 1961, a case-referent study was performed with cases of stillbirths from 1937-1961 in one parish. 
Results No differences in birthweight were found between the children born to employees or to people living 
near the smelter and those in the reference group. An increased risk of perinatal death among children born to 
women in the exposed group was seen during the period 1966-1970. However, for the rest of the observation 
period, 1961-1990, this higher risk was not apparent. 
C O ~ C ~ U S ~ O ~ S  For the last 20 years emissions from the smelter had not affected the birthweight and the risk of 
perinatal death among the offspring of parents living near the smelter or those employed at the smelter. 
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The results presented in this report come from a broad 
study of reproductive outcome among smelter workers 
and people living around a smelter in Sweden. 

With more women becoming employed, growing in- 
terest regarding the possible hazards related to occupa- 
tional exposure has arisen. Now, more often than before 
questions arise about a possible connection between a 
woman's job and her experience of spontaneous abor- 
tion, the delivery of a malformed child, or a stillbirth. 
Human reproduction is a complex process with a poten- 
tial for several adverse effects, such as menstrual cycle 
dysfunction, reduced fecundity (reduced ability to con- 
ceive), infertility, poor semen quality, spontaneous abor- 
tion, stillbirth, preterm delivery, low birthweight, con- 
genital malformations, childhood cancer, and neurologi- 
cal disorders in childhood (1). The most significant 
threats are biological, but even environmental and occu- 
pational hazards play an important role (2-5). The ex- 
tent to which occupational factors affect reproduction is 
unknown. Reviews of the literature on the subject indi- 
cate methodological problems such as difficulties in de- 
termining the degree of exposure and problems with 
study design (appropriate comparison group, bias), anal- 

yses and interpretation of the results (1). Only a few 
proved toxicants have been found, but nevertheless 
agents associated with adverse reproductive outcome in 
the workplace occur in many groups, for example, heavy 
metals, ionizing radiation, organic solvents, polychlo- 
rinated biphenyls (PCB), sterilizing agents (ethylene 
oxide), gases (carbon monoxide, anesthetic gases), plas- 
tics, heat, cold, and noise (6-9). 

In the United States the following four workplace 
exposures have been regulated on the basis of reproduc- 
tive effects: ionizing radiation, lead, dibromochloro- 
propane (DBCP), and ethylene oxide (1). In Sweden 
pregnant women are not allowed in workplaces using 
lead, ionizing radiation, or diving. In addition to these 
forbidden areas the Swedish Board for Occupational 
Safety and Health regulates work with biological agents, 
chemical agents, noise, vibration, temperature, and men- 
tal strain (10, 11). 

The Ronnskar smelter is a copper smelter situated in 
the province of Vasterbotten, in the north of Sweden 
(figure 1). Production started in 1930. Ore containing 
copper, silver, gold, lead, and arsenic is melted in the 
furnace, which emits sulfur dioxide and heavy metals, 
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including lead, copper, zinc, cadmium, mercury, and ar- 
senic, into the surrounding countryside. The release of 
all heavy-metal pollutants in the air and water has been 
radically reduced over the last 15 years. The emission of 
lead, copper, and mercury to the air has diminished from 
200 to 52 t a year, from 190 to 18 t a year and from 1 to 
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Figure 2. Study design. 
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Figure 1. The municipality of SkellefteA with the 
neighboring area of St Orjan and Burei. 

0.25 t a year, respectively. The emission of arsenic to 
water has diminished from 1200 to 8 t a year. Compared 
with the background levels, the concentrations of lead, 
zinc, and cadmium were still elevated within a radius of 
30 km from the smelter, and elevated concentrations of 
copper and arsenic could be found within a radius of 
40 km (12). Different occupational hazards, in particular 
lung diseases, have been described at the smelter. An 
excess incidence of cancer has been found among the 
workers at the smelter, but it appears to be declining 
(13). During the late 1970s studies demonstrated an in- 
creased rate of spontaneous abortion and a lower birth- 
weight for children of employees, as well as for children 
born to women living close to the smelter. In addition, 
the number of congenital malformations was increased 
among children born to mothers who worked at the 
smelter during pregnancy (14-15). Since the exposure 
of metals has been reduced considerably over the last 
15 years, a follow-up of the reproductive outcome in this 
risk group is important. The aim of the study was to 
determine offspring birthweight and the number of peri- 
natal deaths for a population living around the smelter 
and for parents working at the smelter and compare these 
values with those of a reference population (figure 1). 

Material and methods 

Two studies were designed (figure 2) to compare differ- 
ent incidence rates between the exposed and unexposed 
groups: a retrospective cohort study (follow-up study) 
and a case-referent study. Retrospective cohort studies, 
which are common in occupational epidemiology, are 
based on information about exposure and disease col- 
lected in the past, often using different registers as 
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sources. In our cohort study we compared birthweight 
and perinatal deaths between exposed and unexposed 
groups covering the period 1961-1 990. Data on these 
end points of reproduction were not available before 
1961. Because of our interest in the reproductive out- 
come before 1961, we performed a case-referent study 
using the registers of births in the parish of St 0rjan 
from 1937 until 1961 by registering all stillbirths as 
cases (figure 2). 

Retrospective cohort study 

The cohort consisted of 30 644 children born between 
1961 and 1990. Within the cohort, it was possible to 
define the following five categories according to the 
exposure gradient: (i) children born to mothers employed 
as blue-collar workers, (ii) children born to fathers em- 
ployed as blue-collar workers, (iii) children with a parent 
employed as a salaried employee, (iv) children born in 
the neighborhood (St 0rjan and Bure$ within 20 km of 
the smelter), and (v) children belonging to the reference 
population, the unexposed group. The exposed group 
was defined as children born to at least one parent work- 
ing at the smelter and children born to parents in the 
neighborhood. Thus the exposed group included chil- 
dren belonging to the first four categories, which totaled 
4400 children. These children were all born in the parish 
of St 0rjan. The reference population consisted of chil- 
dren born in all other parishes of the municipality of 
Skelleftei and children in the parish of Holmsund (fig- 
ure l), a total of 26 244. 

The basic information about the cohort was obtained 
from the Register of Population, Statistics Sweden, which 
receives information about births and perinatal deaths 
from the parishes. This register includes an identification 
of the mother and also of the father if the parents were 
married at the time the child was born. For those parents 
who were not married, further identification of the father 
was made by linking this register to the Census Register 
(Folk- och Bostadsrakningarna) for 1960, 1965, 1970, 
1975, 1980, and 1985. 

Information regarding employment at the smelter, as 
either a blue-collar worker or a salaried employee, was 
obtained by linkage to the Register of Employees at the 
smelter for 1961 until 1990. Employment for at least 
three months within the last 12 months was required of 
the mother. Regarding the father a preconceptional peri- 
od of at least three months was required. Women work- 
ing at the smelter were mostly employed as cleaners, 
laboratory workers, clerks, or canteen personnel. Addi- 
tional information about the children was obtained from 
the Birth Register of Vasterbotten Province 1961-1972 
(MFM AC 1961-1972) and the Medical Birth Register 

1973-1 990 (MFR 1973-1990), which was managed 
and funded by the National Board of Health and Wel- 
fare. Birthweights were accessible from 1973 on and 
were registered to the nearest 10 g. This register also 
contains certain information on socioeconomic factors, 
maternal smoking during the first trimester, contracep- 
tive usage, maternal diseases, and complications during 
pregnancy, delivery or during the neoilatal period. A 
condition for the multilinkage of our register was the 
identification of the child, mother, and father by the 
personal identification numbers (ie, the official Swedish 
identification numbers) a 10-digit number unique to all 
persons living in Sweden. By approval of the Swedish 
Authority of Computer Security this linkage was per- 
formed by Statistics Sweden. Therefore neither the iden- 
tity of the child, the mother, or the farther was known to 
the researchers. 

Case-referent study 

In order to study the reproduction at the smelter before 
1961, although no computer data were available, we 
were able to use the church records from the parish of 
Skelleftehamn, where the smelter is situated. We per- 
formed a case-referent study by registering all of the 
stillbirths from 1937 until 1961 as cases (before 1961 
Skellefteham~l was a separate parish, after 1961 Sltel- 
leftehamn and KlemesnasIUrsviken were united as the 
parish of St 0rjan). When a stillborn child was observed 
in the records, it was registered as a case. As referents to 
this case we registered four children born live, the two 
born just prior to and the two born just after our case as 
recorded in the church records. Having identified our 
cases and referents, we looked further into the church 
records and identified the parents of these children. We 
then linked the personal identification numbers of the 
parents to the Register of Employees to see if more 
stillbirths could be found among the offspring of the 
smelter workers (figure 2). Only the crude odds ratios 
were calculated. All of the confidence limits were 95% 
limits. 

Results 

The cohort consisted of 30 644 children born in the 
period 1961-1990. Data on birthweights were available 
from 1973 on, and we found 17 567 children with a 
birthweight recorded in this period, 2 666 belonging to 
the exposed group and 14 901 belonging in the unex- 
posed group. 

Perinatal mortality, defined as stillbirth or death with- 
in 7 d of delivery, could be calculated during the whole 
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Figure 3. Birthweight (grams) and low birthweight (percentages), with the 95% confidence intervals, according to exposure gradient for singleton 
births was also shown. 
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Figure 4. Risk of perinatal death in the exposed group compared with 
a reference group, presented as the odds ratios and 95% confidence 
intervals for five-year intervals. 
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Figure 5. Percentage of stillbirths in Skelleftehamn and in Sweden as 
a whole in five-year mean values. (Source: Vital Statistics 1983-1 961, 
Statistics Sweden) 

period, 1961-1990. 
Data on smoking habits during pregnancy were avail- 

able from 1982 on. 

The mother's age, parity, and smoking were consid- 
ered possible confounders. Age and parity did not differ 
among the exposed and unexposed categories. The per- 
centage of smoking in the two groups differed only some- 
what (24 versus 21%), but within the exposed group 
37% of the pregnant female blue-collar workers were 
smokers. 

During the period 1973-1981 the mean birthweights 
of children born to employees, to parents living close to 
the smelter, and to those in the reference area were 3467, 
3525 and 3499 g, respectively. For the period 1982- 
1990 the figures were 3491, 3541, and 3516 g, respec- 
tively. As figure 3 shows, no statistically significant dif- 
ferences were found for the mean birthweights between 
the different exposure groups (figure 3). 

Data on smoking habits were available in the register 
from 1982 on. Adjustment for smoking habits did not 
affect the mean birthweight in any group. 

Low birthweight was defined as a birthweight of less 
than 2500 g. There was no difference between the fre- 
quencies of low birthweight in the neighbor and refer- 
ence groups, but in both calendar periods we found a 
difference between the employees and the referents, al- 
though the difference was not significant. 

The data base contained information on perinatal 
deaths for all 30 years, 1961-1990. We found 62 peri- 
natal deaths out of 4400 births among the exposed smelt- 
er employees and those living in the neighborhood, and 
there were 300 perinatal deaths out of 26 244 births 
among the women living in the reference area. For the 
period 1966-1970 we found an excess risk of 2.04 for 
the exposed persons (95% CI 1.18-3.54). During the 
rest of the period this higher risk was not apparent (fig- 
ure 4). 

Before analyzing the data for the case-referent study, 
we looked at the number of stillbirths in Skelleftehamn 
compared with that of Sweden and found no differences 
(figure 5). 
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In our study we found 37 stillbirths in Skelleftehamn 
during the period 1937-1961. The references were chil- 
dren born live and matched for place and date of birth as 
described in the Material and Methods section. Thus we 
found 138 approved referents. 

When calculating the crude odds ratios, we found no 
association between the number of stillbirths and parents 
working at the smelter (table 1). 

Discussion 

Looking at the quality of our data, we would suspect few 
missing cases, as the Medical Birth Register covers more 
than 99% of all births in Sweden. Every year the Regis- 
ter of Population and the Medical Birth Register are 
compared regarding births and deaths according to the 
mothers' personal identification number. A quality study 
of the Swedish birth register showed that "hard" data 
such as perinatal survival and birthweight distributions 
are reliable parameters to be evaluated (18). Birthweight 
was available from 1973 on, and the exact numbers of 
cases without a birthweight in our study was 115 single- 
tons, 0.7%. There was no missing information on the 
variable liveborn-stillbirth or dead within 7 d. Data on 
smoking was available from 1982 on and was missing 
for 12% of the women studied. When looking at the 
different categories, we found smoking data missing for 
16% of the employees, 14% of the neighbors, and 12% 
of the reference population. 

We must consider how far is it possible to address 
our hypothesis by the study design with a rather small 
sample size in relation to the measured outcome varia- 
bles, regarding, for example, the risk of perinatal death. 
With the given sample size and a power of 80%, a rela- 
tive risk of 1.5 could be detected for the whole study 
period. This finding illustrates the difficulties of epide- 
miologic evaluations of reproductive risks. For the peri- 
od 1966-1970 we found an increased number of perina- 
tal deaths among children born to women in the exposed 
group when compared with the reference population. 
Furthermore, a tendency towards an elevated risk was 
seen in the period 1961-1965. One interpretation of this 
time trend could be that, during the 1960s, environmen- 
tal exposure caused more perinatal deaths. When looking 
at the birthweights, and especially the low birthweights, 
we found a tendency towards an increased risk for chil- 
dren born to smelter employees, although it was not 
significant. Any interpretation of our results should be 
cautious, but the tendencies could be important and the 
reason for the nonsignificant differences may be the small 
sample size and therefore the wide confidence intervals. 

For the case-referent study the cases were very few, 
but for this period, 1937-1961, we used the only repro- 

Table 1. Stillbirth among the children born to the smelter 
employees (exposed) and nonsmelter employees (unexposed) 
1937-1961. (OR = odds ratio, 95% CI = 95% confidence in- 
terval) 

Group Cases Referents O R  95% CI 

Unexposed 26 62 1 - 

Exposed 11 76 0.35 0.1 6-0.74 

Total 37 138 

ductive parameter available. 
As possible confounders the age of the mother, pari- 

ty, and smoking were considered. Age and parity did not 
differ in the exposed and unexposed groups. Higher per- 
centages of children with a low birthweight were found 
among the smoking pregnant women however. 

The potentially reproductive toxic agents used at the 
smelter were lead, mercury, arsenic, copper, zinc, gold, 
silver, cadmium, and sulfur dioxide. These agents were 
also found in the surroundings, in the water, air and soil. 
Lead is a well-known reproductive toxicant associated 
with an increased rate of spontaneous abortion, malfor- 
mations, effects on sperm quality (19), stillbirths (20, 
21), and neurological disturbances (22, 23). A Danish 
study has shown that women exposed to lead, mercury, 
or cadmium might be at a higher risk of being infertile 
(24). Methyl mercury is associated with increased rates 
of stillbirth, spontaneous abortion, and defects in the 
central nervous system (25). Paternal exposure to mercu- 
ry might result in increased rates of spontaneous abor- 
tion (26). An increased frequency of chromosome aber- 
rations has been found among people exposed to inor- 
ganic arsenic (27, 28). Cadmium may induce a decrease 
in birthweight (29). Increased levels of copper and zinc 
in plasma have been associated with intrauterine growth 
retardation (30-32). 

In summary we did not find any adverse effects on 
mean birthweight or low birthweight for the neighbor 
group during the 1970s or the 1980s. As for the group of 
employees, the population might be too small to detect 
differences. 

During the period 1966-1970 there was an increased 
risk of perinatal death among the children born to the 
women in the exposed group, but no such increase was 
found during the last 20 years, a period in which emis- 
sions from the smelter had diminished considerably. 
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