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ABSTRACT

Marianne Wulff, Department of Epidemiology and Public Health and Department of 
Obstetrics and Gynecology, Umea university, S-901 85 Umeå, Sweden.
Background: As more women of childbearing age engage in the workforce 
and a lot of new chemicals are available, a growing interest of diagnosing and 
preventing reproductive disorders due to occupational and environmental 
exposure has occurred. The source location of this thesis is the Rönnskär 
copper smelter which is situated in the north of Sweden, in the municipality of 
Skellefteå. Emissions from the smelter, which have diminished during the 
period 1975-1990 include sulphur dioxide and heavy metals, especially lead, 
arsenic, cadmium, copper, mercury and zinc. Reproductive studies from the 
1970s in and around the smelter reported increased risks of spontaneous 
abortions, malformations and lower birth weight. The aim of this thesis was 
to perform a broad and long-term epidemiological assessment of adverse 
reproductive outcome in and around the smelter and to determine if the 
exposed population suffered from reproductive disturbances during the recent 
decades.

Subjects and methods: The study involve two main sources of data. One 
was a retrospective cohort formed through record linkage of population 
registers, the medical birth register (1961-90), the register of congenital 
malformations (1973-90) and the cancer register (1961-90). As another source, 
information on reproductive history, life-style and work related factors was 
obtained from a questionnaire study in 1992. An exposed population was 
defined as smelter workers and their children, and also neighbours to the 
smelter and their children.

Results: In the register study, compared to the reference population, no 
overall significant increased risk of malformations, childhood cancer, low birth 
weight or perinatal death was found in the exposed group. In the 
questionnaire study, regarding infertility, no environmental effects were found. 
Also, no increased risk of a prolonged waiting time to pregnancy or increased 
risk of spontaneous abortions were associated with occupational or envi
ronmental factors.

Conclusion: With the lack of a high statistical power in mind, due to small 
sample sizes in some of the studies, the summary of our findings including 
several outcomes, different epidemiological study designs and studies covering 
a long period of time gives no evidence for any increased risk of reproductive 
hazards due to occupational or environmental exposure.

Key words: Occupational exposure, environmental exposure, copper smelter, 

epidemiology, adverse reproductive outcome.
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ABSTRACT

Background: As more women of childbearing age engage in the workforce and a lot of 
new chemicals are available, a growing interest of diagnosing and preventing reproductive 
disorders due to occupational and environmental exposure has occurred. The source lo
cation of this thesis is the Rönnskär copper smelter which is situated in the north of Swe
den, in the municipality of Skellefteå. Emissions from the smelter, which have diminished 
during the period 1975-1990 include sulphur dioxide and heavy metals, especially lead, ar
senic, cadmium, copper, mercury and zinc. Reproductive studies from the 1970s in and 
around the smelter reported increased risks of spontaneous abortions, malformations and 
lower birth weight. The aim of this thesis was to perform a broad and long-term epide
miological assessment of adverse reproductive outcome in and around the smelter and to 
determine if the exposed population suffered from reproductive disturbances during the 
recent decades.

Subjects and methods: The study involve two main sources of data. One was a retro
spective cohort formed through record linkage of population registers, the medical birth 
register (1961-90), the register of congenital malformations (1973-90) and the cancer reg
ister (1961-90). As another source, information on reproductive history, life-style and 
work related factors was obtained from a questionnaire study in 1992. An exposed popu
lation was defined as smelter workers and their children, and also neighbours to the 
smelter and their children.

Results: In the register study, compared to the reference population, no overall signifi
cant increased risk of malformations, childhood cancer, low birth weight or perinatal 
death was found in the exposed group. In the questionnaire study, regarding infertility, no 
environmental effects were found. Also, no increased risk of a prolonged waiting time to 
pregnancy or increased risk of spontaneous abortions were associated with occupational 
or environmental factors.

Conclusion: With the lack of a high statistical power in mind, due to small sample sizes 
in some of the studies, the summary of our findings including several outcomes, different 
epidemiological study designs and studies covering a long period of time gives no evi
dence for any increased risk of reproductive hazards due to occupational or environ
mental exposure.

Key words: Occupational exposure, environmental exposure, copper smelter, 

epidemiology, adverse reproductive outcome.
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GLOSSARY & DEFINITIONS

Bias:

Case-referent study: 

Cohort:
Confidence interval:

Confounder:

Cross-sectional study:

Early neonatal death: 
Expected number:

Fecundity:
Healthy worker effect:

Infertility:

Information bias:

Misclassification:

Odds ratio:

Power:

Errors that may distort the association between expo
sure and effect observed in a particular study. Can be 
categorised in two general classes, selection bias and in
formation (observation) bias.
Comparison of exposure histories of workers with dis
ease (cases) to those of workers free of dis- 
ease(referents) at the time when the cases occurred.
The study population to be followed.
A range of values for the effect estimate within which 
the true effect is thought to lie, dependent on the speci
fied level of confidence. A 95% confidence interval is 
used in this thesis which means, that there is a 95 per
cent probability that the true value is in the interval.
A variable that, if not controlled, produces distortion in 
the estimated effect of the study exposure. In the ab
sence of misclassification, such a variable will be associ
ated with the study exposure and predictive of risk 
among the non-exposed. A confounder must not be an 
intermediate step in the causal pathway from exposure 
to disease.
Comparison of disease prevalence among groups of 
workers, or comparisons of exposures among prevalent 
cases and workers free of disease.
Live bom, death within a week.
The number of cases or deaths that would have oc
curred in the study cohort had the rates in the non- 
exposed population prevailed.
The ability of couple to get a livebirth.
Lower mortality in the occupational cohorts than exter
nal comparison populations, usually attributed to selec
tion for employment of fittest members of the popula
tion.
Inability of couple to obtain clinically recognisable 
pregnancy, to achieve fertilisation of gametes.
Bias arising from the misclassification of disease or ex-
Îiosure status (recall bias, interviewer bias, lost to fol- 
ow-up, misclassification)

That type of information bias that occurs whenever 
subjects are erroneously categorised with respect to ei
ther exposure or disease status.
The ratio of the proportion of a group experiencing an 
event to the proportion not experiencing the event.
The likelihood that a study will yield a statistically sig
nificant finding in the expected direction (when there is 
an actual effect).



Proportional hazards model: A statistical model that asserts that the effect of the 
study factors on the hazard rate in the study population 
is multiplicative and does not change over time.

Prospective cohort study: Follow-up into the future of cohort enumerated during 
the present

Relative risk or risk ratio:
Retrospective cohort study 
or historical cohort study:
Selection bias:

Ratio of risks in two populations.
Follow-up to the present of retrospectively enumerated 
study population.
Bias arising from the manner in which the study sub
jects were chosen from the entire population that theo
retically could be studied.

Standardised incidence 
ratio:

The ratio of the observed numbers to expected num
bers in the reference population.

Systematic error:
Time to pregnancy:

See bias.
The length of the period or the number of cycles it 
takes a couple to achieve a pregnancy while having un
protected intercourse.



ABBREVIATIONS

CI Confidence interval

CNS Central nervous system

COST Cooperation in Scientific and Technical Research

DBCP Dibromochloroprophane

DDT Dichlorodiphenyltrichlorethane

DES Dietylstilbestrol

EEC European economic community

END Early neonatal death

EU European union

hCG human chorionic gonodotropin

NIOSH National Institute for Occupational Safety and Health

OR Odds ratio

PCB Polychlorinated biphenyls
RR Risk ratio

SES Socio-economic status

SIR Standardised incidence ratio

SSI Statens Strålskydds Institut (The National Institute of Radiation Protection)

STD Sexually transmitted disease

TTP Time to pregnancy

VDU Video display unit
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Introduction 1

INTRODUCTION

As more women of childbearing age en
gage in the workforce and a lot of new 
synthetic chemicals are available, a 
growing interest of diagnosing, treating 
and preventing reproductive disorders 
due to occupational and environmental 
exposure has occurred over the last two 
decades.

The use of dietylstilbestrol (DES) during 
the 1950s to prevent pregnancy loss re
sulting in vaginal cancers, undescended 
testis, increased infertility and cancer of 
testis in the offspring; thalidomide, a 
sleeping medicine, used during the early 
1960s resulting in limb reduction de
formities; the finding in 1977 of infertility 
among males working with the pesticide 
dibromochloroprophane (DBCP) and 
lately; the hypothesis of the environ
mental chemicals (PCB and DDT) ef
fects on sperm quality due to their estro
genic activity, are examples of exposures 
which have led to great concern about 
reproductive toxicity. Since pregnant 
women usually are unaware of their 
pregnancy during the first weeks of con
ception, it is important to know if an ex
posure acts before conception and/or 
during early pregnancy so that preventive 
strategies could be taken when pregnancy 
is being planned. Whenever a woman of 
childbearing age is treated with drugs or 
exposed to chemicals in the environ
ment, the possibility of pregnancy should 
be kept in mind. Throughout industrial
ised countries, official directives protect
ing female and male fertility have been 
made. In USA, the National Institute for 
Occupational Safety and Health 
(NIOSH) issues directives. In Europe 
directives are from the EEC (1) and in 
Sweden similar directives come from the

Swedish Board for Occupational Safety 
and Health. The last mentioned directives 
includes a) working conditions, which are 
prohibited when you are pregnant and 
lactating (2), b) working conditions where 
a risk assessment must be done for the 
individual (2), c) a list of reproductive 
toxic agents where a threshold limit value 
is defined (3), d) and finally for lead (4) 
and cadmium (5) a biological threshold 
limit value (maximum concentration in 
blood) exists. From The National Institute 
of Radiation Protection (SSI, Statens Strål
skydds Institut), directives regulating al
lowed doses of ionizing radiation for 
women of fertile age are given. A lot of 
studies regarding adverse reproductive 
outcomes have been done but only a few 
proven toxicants have been identified.

Among the definite human hazardous 
agents the following examples are found in 
the literature, the drugs mentioned above,- 
thalidomide (6), DES (7,8) and also tetra- 
cyckline (9) resulting in discoloration of 
the teeth, lithium in congenital heart de
fects (10) warfarin in chondodystrophic 
infants (11) and isotretionon in craniofa
cial, cardiac and CNS abnormalities (12). 
In our physical environment, x- irradiation, 
may cause microcephaly and mental retar
dation (13). Life-style factors (recreational 
drugs), e.g. smoking causing decreased fe
tal growth (14,15) and alcohol causing fetal 
alcohol syndrome (16,17), should be men
tioned. Chemicals such as lead are associ
ated with neurobehavioural effects (18) 
and intoxication with organic mercury 
with CNS defects (19). Maternal infections, 
e.g. rubella, resulting in cataracts, con
genital heart disease and deafness (20), 
cytomegalovirus in auditory and mental 
deficiency (21) and toxoplasmosis resulting 
in hydrocephalus and chorioretinitis (22) 
are well known toxicants.
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Human reproduction is characterised by 
an effective filter for exogenous influ
ences and it is estimated that only a few 
percent of all birth defects are caused by 
such exogenous factors. Most reproduc
tive failures have a multifactorial back
ground with more than one genetic fac
tor interacting with more than one ex
ogenous factor (23). However, as the eti
ology of most failures is unknown they 
could be caused by exogenous factors.

Studies of cancer occurrence, which are 
classic approaches in occupational epide
miology (historical cohort designs) have 
the methodological difficulty of most 
cancers having a long latency period. The 
advantage of reproductive studies in oc
cupational and environmental epidemi
ology in this sense, is the much shorter 
latency period, e.g. in utero exposure or 
male exposure during the 8-10 weeks 
prior to conception for the most typically

studied outcomes (the exceptation is for 
mutagenic effects on the female germ cell 
and the effects on the next generation), 
facilitating studies of the health effects at a 
much earlier stage and also making pro
spective studies more feasible. With 
shorter latency periods, the effects of recall 
bias and secular changes in, for instance 
medical care and record keeping will be 
less pronounced.

” The ideal study of fertility would take place in a 
culture where couples remain virgins until mar
riage and then do nothing to avoid conception” 
(24).

This quotation reflects the behavioural 
side, whether to use birth control or not, 
of the complexity of human fertility. The 
other side is the biological process and the 
factors affecting this, i.e. socio-economic, 
life-style, environmental and occupational 
factors as well as the health status of the 
individual (Figure 1).

Exposure Time

Confounding factors:
Age, parity, health status, life-style, socio-economic status

FIGURE 1. Selected potential adverse effects of exogenous factors.



Introduction 3

The reproductive process

The reproductive cycle involves many 
complicated procedures from ripening of 
the germ cells, fertilisation, transport of 
the conceptus, implantation in the uter
ine wall to the final development of the 
full bom child. In women, a lifetime 
supply off eggs are produced during fetal 
life at the fifth or sixth month after con
ception, and the eggs will enter their first 
meiotic division during fetal life. The 
eggs will remain in this stage until pu

berty when the menstrual cycles starts and 
the meiotic divisions will only be com
pleted for those eggs that mature for ovu
lation (approximately 400). The other eggs 
will degenerate. In man, meoitic divisions 
do not begin until puberty. From that time 
on the production of sperm is continuous. 
Spermatogenesis takes 8-10 weeks. Fertili
sation takes place in the Fallopian tube 
and the fertilised ovum begins to divide 
while moving down the tube towards the 
uterus with implantation taking place on 
the seventh day after ovulation (Figure 2).

FIGURE 2. The sensitive periods in human development. Dark areas mark the most sensitive 
stages. Adapted from Hemminki et al, Occupational Hazards and Reproduction, Hemisphere
Publishing Corporation, United States, 1981.

The conceptus will then start producing 
hCG (human chorionic gonadotropin) to 
maintain the pregnancy. About two 
weeks after the woman has missed her

first period, the brain and heart of the 
embryo will be recognisable. By the time 
the second period is missed (about six 
weeks after fertilisation) the embryo has
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4 Introduction

begun to develop teeth and external 
genitalia. The major organ systems are in 
place by the end of the eighth week, at 
which point the conceptus is regarded as 
a fetus. By this stage most women will be 
aware that they are pregnant (25).

The physiology of pregnancy

Different physiological alterations occur 
during pregnancy and some may affect 
how the body handles toxic substances. 
Most chemicals are lipophilic and of a 
low molecular weight, facilitating trans
placental passage (26). The major 
changes during pregnancy include respi
ratory and cardiovascular changes. An 
increased respiratory tidal volume en
sures good respiratory exchange to the 
fetus but it also facilitate the inhalation of 
greater quantities of agents. Due to the 
increased perfusion of the lungs, absorp
tion of toxins can occur at a higher con
centration. The cardiovascular changes 
results in a physiologic decrease in the 
concentration of hémoglobine making 
the woman more vulnerable to agents 
that induce anemia, e. g. lead.

Methodologie issues 

The exposure
Environmental exposure includes dif
ferent media, i.e. air, water and food. 
Many of the pollutants are found in both 
occupational and environmental settings 
and the studies of their adverse effects 
are similar. The toxic substances enter 
the body by inhalation, ingestion, by skin 
contact or directly e.g. radiation and heat. 
The effects of the agents are also influ
enced by the timing in relation to the re
productive process and level of exposure

as well as the interaction between timing 
and level of exposure. The effect of a 
mutagenic toxic agent is thought to be a 
linear dose-response relationship, whereas 
in teratogens, a threshold limit is probably 
essential. Generally, during the early stage 
of fetal development - when the organs 
are developed, susceptibility of injury to 
these tissues are high and the effects of 
high doses will be quite difficult to com
pensate. A given exposure is not necessar
ily specific in its effect and therefore a 
number of adverse effects may result. 
When making risk assessments, accumula
tion, distribution and metabolism of expo
sure agents in different organs also have to 
be considered. The biological half-times 
varies for different metals and within dif
ferent organs. As an example, lead is 
known to accumulate in the bones with a 
biological half-time of 5-50 years. In blood 
it is about a month (27). Generally envi
ronmental exposures tend to be lower 
than occupational exposures thereby re
quiring larger study samples to provide 
adequate statistical power. In contrast to 
occupational exposures where there may 
be a more limited sort of known toxic 
agents, the environment offers a mix of 
exposures which may also interact (28,29). 
Often both parental partners are similarly 
exposed to the environment which makes 
it difficult to differentiate between mater
nal or paternal effect. Occupational expo
sure of both partners is also possible 
through carry-home exposure where the 
toxic agents are brought home by the 
worker's hair or clothing (30).

When measuring emissions, four different 
types of monitoring could be used: 1) emis
sion monitoring used in measuring pollutants 
close to an industry e.g. air pollutants 
around chimneys, 2) environmental monitor
ing^ which is the most common monitor
ing used routinely to control emissions of
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metals, 3) biological monitoring measuring 
the metal or its metabolites in for in
stance blood, urine or hair. The last to be 
mentioned and the type used in this the
sis is 4) heaüh monitoring aimed to detect 
early effects, reversible or irreversible of 
hazardous agents. Health monitoring is 
valuable in documenting that no harm 
has been caused and in the control of 
emissions not being too high (27).

The reproductive outcome
Most of the concepii are aborted during 
early pregnancy with only 30-50% being 
clinically detectable (29). During early de
velopment mainly abnormal concepd are 
aborted, due to noncleaving, abnormal 
cleaving or chromosomal abnormal em
bryos (Figure 3).

Number

contracepting Fertilisation Clinical
pregnancycycle begins

Implantation

Biological processes 
influencing time to 
pregnancy and infertility 
(chromosome abnormalities)

Biological processes 
influencing spontaneous 
abortions and intra 
uterine fetal death

FIGURE 3. Time line of reproductive loss. Approximated values. Of 100 women, 95 will ovu
late and 33 will achieve a clinical pregnancy detectable six weeks after last menstrual period. 
Adapted from Baird et al, Am J Epidemiol 1986 and Hemminki et al, Occupational Hazards and 
Reproduction, Hemisphere Publishing Corporation, United States, 1981.

The fertility process could be disturbed in 
two ways, by affecting genetic material - a 
mutagenic effect, or by affecting the de

veloping embryo or fetus without neces
sarily damaging the genetic material- a 
teratogenic effect. Some agents act both
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ways (23,31)- A mutagenic effect in the 
germinal cells may occur at any time dur
ing the reproductive period, pre or post- 
conceptiona1. In the woman, the precon- 
ceptional period starts in fetal life, 
whereas this period in the male is limited 
to 8-10 weeks before conception. The 
mutagenic and teratogenic agents may af
fect germinal cells and/or somatic cells 
and result in a genotoxic and/or cytotoxic

damage. The same agent may thus have a 
number of different somatic and repro
ductive effects. A mutagenic effect in 
germinal cells may be transferred to the 
offspring and cause malformations and 
genetic disease in successive generations 
or may result in spontaneous abortions. A 
genetic damage of somatic cells may cause 
cancer. Suspected mechanisms of 
mutagens is shown in figure 4.

( Exposure )

GERMINAL DNA LESION

Repair efficiency
_____ ________

MUTATIONS IN GERMINAL CELLS

/ * \

SOMATIC DNA LESION

Gene
mutations

Repair efficiency

SOMATIC MUTATIONS

Genetically Lethal Viable
induced sperm mutations chromosomal
lethality alterations

t i » *
Aspermia Spontaneous Diseases with Congenital anomalies
Oligospermia abortions chromosomal including mental

anomalies retardation, genetic 
diseases expressed in 
future generations 
Accelerated ageing

Malignant 
transformation

Cancer

Genetic
mosaicism

Malfor
mation

Abortion Childhood
cancer

FIGURE 4. Suspected mechanisms of genotoxic damage. Adapted from Hemminki et al, Oc
cupational Hazards and Reproduction, 1981.

The result of a teratogenic agent may be a 
congenital malformation or a disturbance 
of the growth of the fetus. The embry
onal period in teratogenesis is most criti
cal. Most of the congenital malformations 
originate in this stage. Teratogens often 
show dose-dependent affinities to certain 
cell populations. One teratogen can pro
duce a wide range of anomalies, and one

anomaly can be caused by different tera
togens. Toxic exposures in the embryonic 
period would result in major morphologi
cal abnormalities, e.g. rubella virus and 
thalidomide. In the fetal period, when the 
majority of the organs are formed, the 
fetus will still be somewhat sensitive and 
minor morphological abnormalities or 
physiological effects could be caused
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(Figure 2). The central nervous system is 
still forming and is sensitive to harmful 
agents. In addition to the CNS, the 
skeleton and the thyroid gland are sensi
tive in this period. Genetic factors play an 
important role in determining sensitivity 
to teratogens (32).

Also carcinogenic effects, due to 
mutagents with genotoxic effects or by 
transplacental passage of carcinogens, 
should be mentioned (33). All carcino
gens are suspected teratogens because

they affect dividing cells and the fetus is 
characterized by high-speed cell division .

The adverse effects of exposure to toxic 
agents can be differentiated into three 
categories: those with difficulty in be
coming pregnant, those with increased 
rates of pregnancy loss, and birth or de
velopmental effects. The latter of these 
endpoints have been studied most fre
quently in epidemiological studies. Table 1 
shows a number of adverse outcomes and 
their frequencies.

TABLE 1. Selected adverse reproductive outcomes and their frequencies.

Adverse effect Frequency

Sexual dysfunction ?
Menstrual dysfunction (amenorrhoea, ?
anovulation)
Sperm abnormalities ?
Prolonged time to pregnancy (> 1 year) 10%
Spontaneous abortion (post implantation loss) 31%
Clinically recognised spontaneous abortion 10%
Stillbirth 0.3%
END (early neonatal death) 0.4%
Perinatal death 0.6-0,7%
Preterm delivery (<37 weeks) 5-10%
Low birth weight (<2500 gram) 5-10%
Congenital malformations 1-3%
Childhood cancer 0.01-0.02%
Mental retardation 1%
Some neuropsychiatrie syndromes 7-8%

Confounding factors
Many extraneous factors can potentially 
confound studies of industrial exposures, 
and these factors must be taken into ac
count in the study design and/or in the 
analysis (Figure 1). The health status of 
the individual is one of these factors, in
cluding the nutritional status, gynecologi
cal diseases, general medical condition

and medication (oral contraceptives), pre
vious pregnancies and lactation. Life-style 
factors which are thought to affect fertil
ity such as smoking, alcohol, caffeine and 
exercise are also important. Socio
economic status including educational 
level is associated with a number of the 
individual risk factors and may thus com
bine potential confounding factors.
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Study designs

Different study designs have been used to 
assess adverse effects of environmental 
and occupational exposures. In case-referent 
studies the study subjects are referred to 
one of two groups depending on pres
ence (case) or absence (referent) of the 
outcome studied. The exposure suspected 
to cause harm is then compared in the 
two groups. These studies have been used 
when dealing with rare disease/outcome 
measures. In the dietylstilbestrol studies 
mentioned above this technique was used.

In cohort studies, adverse reproductive 
outcome is compared in groups with dif
ferent exposure status (exposed and un
exposed). The advantage with cohort 
studies is the possibility to study more 
than one outcome in the same popula
tion. In retrospective or historical cohort 
studies, a group is defined by a common 
exposure and the disease rate in that 
group is studied retrospectively. These 
studies are ideal in countries where highly 
developed systems for registration of 
health variables are found. Often these 
studies are combined with questionnaires 
collecting data on exposure and outcome. 
In prospective studies, women with a 
special occupation or exposure situation 
are followed and the outcome of their 
pregnancies registered. Prospective cohort 
studies are extremely demanding in terms 
of resources, time and materials and 
therefore are not used as often as retro
spective studies.

Cross-sectional surveys involve defining ex
posure and outcome at the same time and 
therefore are less appropriate than cohort

and case-referents studies for investigating 
causal associations. The cross-sectional 
studies express the current health status 
and are helpful in generating questions. 
Repeated surveys however, could provide 
more conclusive evidence for causal asso
ciations.

The smelter

The source location of this thesis is the 
Rönnskär smelter situated in the north of 
Sweden, in the county of Västerbotten 
(Figure 5). The ore comes from mines in 
Sweden and from abroad. Because of the 
high content of arsenic, the ore was ini
tially transported to a smelter in the USA, 
but in 1930 Rönnskär got its own smelter. 
Copper, lead, gold and silver are the main 
products but side products such as sul
phur acid, sulphur dioxide and zinc oxide 
are also produced. Emissions to the air 
and water include sulphur dioxide and 
heavy metals, especially lead, arsenic, 
cadmium, mercury, copper and zinc. 
Within the plant there are a lot of differ
ent work sites and two job categories pre
sented, blue-collar and white-collar work
ers. The women at the smelter are mostly 
employed as laboratory workers, clerks 
and canteen personal in buildings con
nected to the smelter but within the 
smelter as well. In 1975, approximately 
2,100 persons were employed. Of these, 
550 were white-collar workers. In 1995 
there were 1,050 employees which in
cluded 150 women, 75 of which worked 
within the smelter and 75 as clerks, can
teen personal or laboratory workers.
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SWEDEN

COUNTY OF 
VÄSTERBOTTEN Municipality of Skellefteå

.7. Skellefteå

^ Klemensnäs/Ursviken t 
^Skelleftehamn J
^Smelter of Rönnskär

'St Örjan
lyo 300

Skellefteå
1,0 20 30

FIGURE 5. The study area: The municipality of Skellefteå with the neighbouring area of St Ör
jan and Bureå parishes.

Emissions from the smelter
The emissions from the smelter were 
radically reduced during the period 1975- 
1990 resulting in less heavy metal pollut
ants in water and air (Tables 2 and 3). In 
1986, the Swedish National Franchise 
Board for Environment Protection 
(Koncessionsnämnden för Miljöskydd) 
issued directives concerning emissions 
from the smelter and in order to meet 
these demands actions were taken.

In addition to studies on air and water 
other environmental studies on the 
smelter surroundings (e.g. animals, vege

tation and human population) have been 
made as well as on the workers.

Studies of moss
Studies of metals in moss around Rönn
skär were done in 1979, 1983 and 1990. 
The results showed considerably dimin
ished pollution from the smelter but 
compared with the background levels the 
concentrations of lead, zinc and cadmium 
were still elevated within a radius of 30 
kms from the smelter and elevated con
centrations of copper and arsenic were 
found within a radius of 40 kms (34). The 
pollution gradient for arsenic is seen in 
Figure 6.
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TABLE 2. Emissions to water from the Rönnskär smelter 1965-1995, ton/year. (Miljörapport 
1995, Boliden Mineral).

Emissions
Time period Cu Pb Zn Cd As Hg

1965-69 165 214 93 7.2 2 078 5.2
1970-74 77 137 93 6.9 1 684 1.5
1975-79 15 14 62 1.5 744 0.5
1980 5.4 7.9 19 2.4 270 0.38
1981 5.8 3.6 7 0.8 100 0.15
1982 7.8 4.7 6 0.3 53 0.29
1983 5.5 5.2 5 0.4 68 0.21
1984 5.6 2.4 8 0.4 24 0.08
1985 7.2 3.1 7.6 0.4 31 0.04
1986 5.8 1.9 6.7 0.14 30 0.04
1987 6.9 1.8 4.4 0.11 8.5 0.06
1988 5.0 0.7 3.6 0.13 7.6 0.03
1989 2.1 1.0 2.1 0.08 5.1 0.03
1990 2.3 1.4 5.4 0.07 8.0 0.03
1991 1.8 1.4 3.0 0.05 3.3 0.02
1992 1.6 1.0 3.2 0.07 2.0 0.03
1993 1.1 0.8 2.3 0.05 1.1 0.03
1994 0.7 0.5 2.0 0.04 0.8 0.02
1995 0.6 1.3 1.8 0.02 0.6 0.02

TABLE 3. Emissions to air from the Rönnskär smelter 1965-1995, ton/year. (Miljörapport 
1995, Boliden Mineral).

Emissions

Time period Dust Cu Pb Zn Cd As Hg SO,

1965-69 (3 200) 190 684 488 13.4 154 3.5 40 000
1970-74 2 340 192 486 354 11.8 112 2.1 43 800
1975-79 2 059 192 230 266 5.4 68 1.0 26 300
1980 1585 137 213 142 3.2 56 0.7 14 600
1981 1480 108 173 169 3.0 37 0.8 12 300
1982 1411 77 198 170 4.3 35 0.8 14 300
1983 1400 80 186 192 6.5 47 0.7 12 800
1984 857 42 103 122 2.5 39 0.8 13 500
1985 997 41 101 145 2.7 40 0.6 11 500
1986 984 232 67 81 1.7 24 0.43 10 600
1987 450 46 73 62 1.4 12 0.32 11 300
1988 317 38 64 38 0.9 6 0.37 9 900
1989 250 20 48 31 0.9 5.3 0.25 6 200
1990 250 18 52 33 1.3 4.7 0.25 4 900
1991 230 17 40 38 0.8 3.2 0.18 5 700
1992 200 24 32 25 0.7 3.2 0.17 4 900
1993 167 14 22 27 0.5 1.9 0.09 4 500
1994 101 5 13 22 0.2 0.7 0.09 3 960
1995 63 5 9 11 0.2 0.8 0.07 3 160



Introduction 11
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FIGURE 6. Concentration of arsenic relative to the distance from the Rönnskär smelter (34).

Studies of vegetables
In 1990, a study was performed measur
ing the concentration of lead, cadmium 
and arsenic in vegetables near the smelter 
(35). The investigation showed lower 
concentrations compared to a similar 
study performed in 1985 and no restric
tions concerning cadmium and arsenic 
were issued. However, due to the con
centration of lead still being elevated, 
children were advised not only to eat 
home-raised vegetables, since the allowed 
intake of lead for children is lower than 
for adults.

Studies of pied flycatcher
Between 1984-1990, Erik Nyholm at the 
Department of Environmental Health at 
Umeå University performed a study to 
develop biological methods using insec
tivorous birds to evaluate environmental 
disturbances due to heavy metal pollution. 
His source for the study was the nestlings 
of the pied flycatcher in different pollu
tion gradients from the Rönnskär smelter. 
It was found that a decrease in egg pro
duction (clutch size and eggshell quality) 
and embryo survival were correlated with 
the degree of environmental heavy pollu
tion (36). At a distance of 2.5 kms from 
the smelter the mean number of clutch
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size was 5.5 and the frequency of eggshell 
defects was 32%. At a distance of 95 kms 
the clutch size was 6.2 and no defect egg
shells were found.

Health effects associated with 
smelters

Lung cancer occurrence at 
the Rönnskär smelter
Different occupational hazards, in par
ticular lung diseases, have been described 
at the smelter. An excess incidence of 
lung cancer was found among the work
ers at the smelter, especially in roaster and 
arsenic workers, but it now appears to be 
declining (37,38).

Reproductive studies around 
the Rönnskär smelter during 
the 1970s
A government decision in 1975 imposed 
the Boliden company to perform investi
gations on smelter workers and people 
living near the smelter regarding the effect 
of emissions on reproduction. The results 
of these studies are reported in a series of 
papers (39,40,41,42,43,44,45) and in a 
summary to the protective committee of 
the smelter in 1982 (46). Overall, the re
sults indicate an occupational effect on 
reproduction by genetic damage, whereas 
the evidence for environmental effects are 
uncertain. A significantly lower birth weight 
was found in offspring bom 1975-1976 of 
female employees in later pregnancies 
(three and more;3+) and the birth weight 
in the offspring (3+) of women living 
near the smelter did not increase as much 
as expected. The number of congenital mal
formations was increased among children 
bom to mothers (bom 1930-1959) who 
worked at the smelter during pregnancy

but not for those living nearby; although 
the sample was small it showed a ten
dency of an occupational effect. Con
cerning the risk of spontaneous abortions a 
low frequency was found around 
Skellefteå town (7%-8%). Living near the 
smelter in Skelleftehamn showed a 3% 
increase. For female employees an in
creased risk of 6% was found, for male 
employees 3% and finally when both par
ents were employed an increased risk of 
9% was found (41). This study was based 
on women bom 1930-1959. In one of the 
later studies of fetal mortality among wives 
of smelter workers, bom 1925 or later 
and employed in 1978, exposure of males 
had no effect on the rate of congenital 
malformations, whereas an increased risk 
of stillbirths and spontaneous abortions 
were found (45). Regarding the associa
tion between lead, arsenic and chromosomal 
aberrations studied at three occasions in 
1976, 1978 and 1979 (43,44) an increased 
frequency was found in arsenic exposed 
workers. Regarding lead, an effect was 
observed in 1979 but not in 1976 and it 
was concluded that the effect perhaps was 
not due to lead alone but to a mix of ex
posures.

Reproductive studies from 
other smelters
Port Pirie is a lead smelting community in 
Australia. The Port Pirie prospective co
hort study analysed blood lead levels in 
646 women during pregnancy, at birth, in 
the placentas and in children several times 
until the age of 7 years and compared to a 
reference group, the blood lead levels 
were higher and a dose-response relation
ship between maternal blood lead levels 
and pre-term delivery was found. From 
the studies of placenta tissue, higher con
centrations of lead was found in the fetal
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deaths compared to live births. There 
was, however, no association between 
blood lead levels and spontaneous abor
tions, low birth weight, intrauterine 
growth retardation, premature rupture of 
the membranes or congenital anomalies
(47) . The results of the studies regarding 
the children indicated an effect on the 
neuropsychological development. An
other prospective study in a lead smelter 
town in Kosovo, Yugoslavia, where blood 
lead concentrations in mid-pregnancy 
from 442 women were analysed and 
compared to a reference group living 25 
miles away, no adverse effects on birth 
weight or length of gestation were found 
although blood lead levels were three 
times higher than in a reference group
(48) . In the same cohort, no association 
between spontaneous abortions, still
births and environmental lead exposure 
were found (49). Studies around a copper 
smelter in Srednogorie, Bulgaria where 
blood levels of lead and cadmium were 
examined in 150 pregnant women sug
gested that these metals could be associ
ated with risks of pregnancy complica
tions such as spontaneous abortions, tox
aemia and anaemia (50).

Reproductive studies of 
heavy metals and sulphur di
oxide
The potentially reproductive toxic agents 
occurring at the smelter were lead, methyl 
mercury, arsenic, copper, zinc, gold, sil
ver, cadmium and sulphur dioxide. These 
agents were also found in the surrounding 
water, air and soil.

Inorganic lead is found everywhere in the 
environment. Exposure by food intake 
and in different industries are common. 
Most lead accumulates in the bones, but it 
is the bone marrow and in the central and

peripheral nervous systems where serious 
damage occur. A disturbed production of 
erothrocytes may result in anemia even in 
low doses of lead. Neurobehavioural dis
turbances are seen in children, who seem 
to be more sensitive than adults (51). 
Lead has also been associated with an in
crease in the rate of spontaneous abor
tions, malformations, effects on sperm 
quality (52) and stillbirths (53,54). A 
Danish study has shown that women ex
posed to lead, mercury or cadmium might 
be at a higher risk of being infertile (55). 
From 1994 Sweden has a directive regu
lating biological threshold lead limit val
ues for women under 50 years of age (4). 
Lead may have a genotoxic effect by in
ducing chromosome aberrations (56). Ar
senic and sulphur dioxide may also be 
genotoxic and arsenic may even be car
cinogenic and teratogenic (57). Surpris- 
ingly, when the interactions between lead, 
arsenic and sulphur dioxide where studied 
the effect was mainly antagonistic indi
cating that these mixed exposures may 
cause less damage than expected (56). In 
the same study, the presence of selenium 
showed a protective effect against the 
other agents. Inorganic arsenic is found in 
the environment and in industries. The 
health effects of arsenic could be acute 
intoxications or chronic diseases. The as
sociation between arsenic and lung cancer 
has been mentioned earlier. An associa
tion between arsenic and chromosome 
aberrations have been found in women 
exposed to inorganic arsenic (58), but no 
other effects have been noted in humans 
(51). Regarding sulphur dioxide a study 
from Finland in 1982 showed no associa
tion between air pollution (sulfur dioxide, 
hydrogen sulfide and carbon disulfide) 
and spontaneous abortions (59). Methyl 
mercury (organic mercury) is present at the 
smelter and is distributed to all organs 
and accumulates in the brain. The fetus is
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very sensitive and can be intoxicated even 
when the mother has been without 
symptoms during the pregnancy. Methyl 
mercury is found in considerable amounts 
in Swedish lakes and pregnant women are 
recommended not to eat fish from these 
lakes. It is associated with increased rates 
of stillbirths, spontaneous abortions and 
defects in the central nervous system (19). 
Paternal exposure to mercury might result 
in increased rates of spontaneous abor
tions (60). A study from Greenland 1990

showed a significant association between 
methyl mercury and decreased birth 
weight (61). Cadmium accumulates in the 
kidneys and is nephrotoxic. It may induce 
a decrease in birth weight (62) and can 
adversely affect spermatogenesis (51). As 
it is for lead, biological threshold limit 
values of cadmium is regulated by a direc
tive (5). Increased levels of copper and ^nc 
in plasma have been associated with in
trauterine growth retardation (63,64,65).
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THE RESEARCH PROJECT

Background

In 1986, the Franchise Board for Envi
ronment Pollution demanded follow-up 
studies of adverse reproductive outcome 
in the surroundings of the smelter. The 
Boliden Mineral AB company engaged 
Umeå University and two projects were 
planned. In one, a research team with the 
project managing group at the Depart
ment of Environmental Medicine meas
ured metal concentrations in the blood of 
pregnant women (1989-1991) working at 
the smelter or living near by. Compared 
to a reference group, blood lead levels 
were higher in the exposed group, but not 
so high as to be considered hazardous. 
Cadmium concentrations were also in
creased but were largely attributed to 
smoking. Arsenic concentrations in the 
urine during pregnancy did not differ 
between the exposed and the reference 
group (66). The other research project is 
the theme of this thesis.

Overall aims

The overall aims of this thesis were to 
perform a broad and long-term epidemi

ological assessment of adverse reproduc
tive outcome in and around the smelter 
and to determine if the exposed popula
tion suffered from reproductive distur
bances during the recent decades.

Specific aims

The specific aims were:

• to make comparisons between the ex
posed group and the reference group 
concerning the following endpoints: 
birth weight, perinatal death, malfor
mations, childhood cancer, infertility, 
time to pregnancy and spontaneous 
abortions (Figure 7).

• to observe if any time trends could be 
seen over the recent decades where the 
emissions from the smelter have di
minished.

• to determine some parameters of in
fertility in a random sample of the 
population.

• to estimate the effects of certain life
style factors, socio-economic factors 
and work related factors on time to 
pregnancy and the risk of spontaneous 
abortions.
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FIGURE 7. Endpoints studied in the research project.

Subjects and Methods

Table 4 shows a summary of the end- ods used in the six studies which form the
points studied, study designs and meth- basis of the thesis.

TABLE 4. Methods of data collection.

Endpoint
studied

Study design Data source Subjects Paper

Birth weight Cohort Registers 17,567 births during 1973-1990 I

Perinatal death Cohort Registers 30,644 births during 1961-1990 I

Malformations Cohort Registers 17,915 births during 1973-1990 II

Childhood
cancer

Cohort Registers 30,644 births during 1961-1990 III

Stillbirth Case-referent Church book 
and Registers

37 cases of stillbirth and
138 referents during 1937-1961

I

Infertility Cross-sectional Questionnaire
data

1,233 women bom between 1948-1992 IV

Time to preg
nancy

Cross-sectional Questionnaire
data

703 pregnancies between 1972-1992 V

Spontaneous
abortions

Cohort Registers 8,116 pregnancies VI

Cross-sectional Questionnaire
data

2,924 pregnancies between 1954-1992 VI

Case-referent Questionnaire
data

171 cases of spontaneous abortions and
342 referents between 1954-1992

VI
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The Register Studies (Paper I,
II, Ml)

A retrospective cohort of children bom 
between 1961 and 1990 in the munici
pality of Skellefteå and in the parish of 
Holmsund were the basis. Within this 
cohort five categories were possible to 
define according to their exposure gradi
ent:

1. Children bom to mothers employed 
as blue-collar workers

2. Children bom to fathers employed as 
blue-collar workers

3. Children with a parent employed as a 
white-collar worker

4. Children bom in the neighbourhood 
(St. Örjan and Bureå, within 20 kilo
metres from the smelter)

5. Children belonging to the reference 
population

The exposed group was defined as chil
dren bom to at least one parent working 
at the smelter and children bom to par
ents in the neighbourhood. This group 
included children belonging to categories 
1,2,3 and 4, which totalled 4,400 children, 
all living in the neighbour area. The ref
erence population consisted of children 
bom in all other parishes of the munici
pality of Skellefteå and children in the 
parish of Holmsund (Figure 5), which

totalled 26,244. This study area included 
the area used in the reproductive studies 
from the 1970s which was mentioned 
earlier. The reason for including Holm- 
sund in the reference group was the op
portunity to collaborate with those re
searchers from the Department of Envi
ronmental Medicine who examined metal 
concentrations in blood of pregnant 
women while also using Holmsund as a 
reference area. Holmsund is similar to 
the Skelleftehamn/Bureå area in having 
an industry (sulphite plant) situated near 
the cost, the same socio-economic status 
among people and the same birth rate. 
However, unlike the Skellefte- 
hamn/Bureå area no emissions of heavy 
metals occur.

The basic information about the cohort 
was obtained from the Register of Popula
tion, Statistics Sweden, which receives in
formation about births and deaths from 
the parishes (Figure 8). This register in
cludes an identification of the mother 
and also of the father if the parents were 
married at the time the child was bom. 
For those parents who were not married, 
further identification of the father was 
made by linking this register to the Census 
Register (Folk- och Bostadsräkningarna) 
for 1960, 1965, 1970, 1975, 1980 and 
1985.
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FIGURE 8. The register study.
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Information regarding employment at the 
smelter, as either a blue-collar or white- 
collar worker, was obtained by linkage to 
the Register of Employees at the smelter 
from 1961 until 1990. Employment for at 
least 3 months within the last 12 months 
before childbirth was required of the 
mother. For the father, employment dur
ing the 3 months just prior to conception 
was required. Additional information 
about the children was obtained from the 
Birth Register of Västerbotten County 1961- 
1972 (MFM AC 1961-1972) and the Medi
cal Birth Register which was started in 1973 
(MFR 1973-1990) and is managed by The 
National Board of Health and Welfare. 
This register contains information from 
antenatal and delivery records of every 
child bom. In addition, linkage was made 
with the Swedish Register of Congenital Mal
formations which was started in 1965 but 
did not cover the entire country until 
1973. The Cytogenetic Central Register con
tains information from the cytogenetic 
laboratories and is a sub-register of the 
Register of Congenital Malformations. 
The Paediatric Cardiological Register, also a 
subregister to the Register of Congenital 
Malformations, was started in 1981 and 
includes all children with congenital heart 
disease diagnosed by echocardiography, 
catheterisation, operation or autopsy be
fore the age of 1 year. A special register 
was created in 1978 for children with 
Down's syndrome. Information to this 
register come from the above mentioned 
register as well as from the Register of Men
tally Disabeld. Finally, a linkage was done 
to the Swedish Cancer Register. A condition 
for this multi-linkage of our registers was

the identification of the child, mother and 
father by the civic numbers unique to all 
persons living in Sweden. By approval of 
the Swedish Authority of Computer Secu
rity, this linkage was performed by Statis
tics Sweden. In this way neither the iden
tity of the child, the mother or the father 
was known to the researchers. From this 
study base, mean birth weight and fre
quence of low birth weight (Paper I) as 
well as relative risks (RR) of perinatal 
death (Paper I) and congenital malforma
tions (Paper II) were analysed for differ
ent exposure groups presented with 95% 
confidence intervals (Cl). Directly stan
dardised incidence ratios (SIR), the ratio 
of observed and expected numbers 
(national sex and age-specific incidence 
rates in Sweden) were used in the study of 
childhood cancer (Paper III).

In order to study the reproduction at the 
smelter before 1961, although no da- 
torised information was available, we used 
the church books from the parish of 
Skdleftehamn, where the smelter is situ
ated. A case-referent study was performed 
registering all the stillbirths from 1937 
unto 1961 as cases. As referents, we reg
istered four children bom live, the two 
bom just prior to and the two bom just 
after our case as recorded in the church 
book. Then a linkage was done by the 
civic numbers of the parents to the Reg
ister of Employees to see if more still
births were found among the offspring of 
smelter workers (Figure 9). The results 
were presented as odds ratios (OR) with 
95% confidence intervals.
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Cases:

Stillbirths in 
Skelleftehamn 

1937-1961

Employed Not employed 
at the at the
omelter smelter

FIGURE 9. The case-referent study.

The Questionnaire Studies 
(Paper IV, V)

A self administered postal questionnaire 
was distributed in 1992 (Figure 10). Three 
groups of women, a total of 1,845 be
tween the age of 25-44 years were en
rolled and sampled as follows:

1. a) Every woman, employed at the 
Rönnskär smelter for at least 3 months 
between 1970 and 1989 who gave birth 
during that time plus b) wives to a 
sample of male workers who fathered a

Referente:

Matched 
live borns

Employed Not employed 
at the at the
smelter smelter

child in the same period, for a com
bined total of 345 women.

2. A random sample of 600 women living 
in the neighbourhood but not working 
at the smelter, in the parishes of St 
Örjan and Bureå.

3. A random sample of 900 women con
stituting a reference group, 600 from 
Skellefteå (St Olov) and 300 from the 
parish of Holmsund.

In addition to reproductive history, the 
questionnaire included detailed questions 
regarding life-style, occupational and so
cial-demographic factors (Figure 10).
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SAMPLE
Women 25-44 years: 
Smelter workers 
Neighbours 
References

ENDPOINTS
Infertility
UP
Spontaneous abortions

SOCIAL-DEMOGRAPHIC
FACTORS

EDUCATIONAL LEVEL 
High >13 years at school 
Middle 10-12 years at school 
Low 0-9 years at school

SOCIO-ECONOMIC STATUS * 

High 
Middle 
Low
Economically inactive population

AGE (mother)
18-29 yrs 
30-34 yrs 
£35 yrs

AGE (father)
<35 yrs 
£35 yrs

PARITY 
>1 child 

1 child
PILL

No
The year before

CYCLE LENGTH 
<35 days 
>35 days

TIME TREND**
1982-1992
1972-1981

r

v

WORK RELATED 
FACTORS
WORKING HOURS 

30-40 h/week 
<30 h/week 
>40 h/week

JOB TYPE 
Day/evening 
Night shift

PERCEIVED STRESS 
<2 h/week 
Daily

VIDEO DISP LA Y UNIT 
No 
Yes

r

v

LIFE-STYLE
FACTORS

SMOKING
No
Passive
Smokers

CAFFEINE 
<300 mg/day 
>300 mg/day

ALCOHOL
Never
Sporadically J

FIGURE 10. The questionnaire study with endpoints and categorised study variables from the 
questionnaire.
* Socio-economic status of the woman was determined on the basis of occupation according to the Swedish official 
socio-economic classification for the economically active population -the SEI classification (67). Four categories 
were used: low (manual workers, blue collar workers), medium (non-manual employees, salaried workers) and high 
(self-employed inclusive farmers). The economically inactive population (students, housewives, sickness and dis
ability pensioners, long-term unemployed, military conscripts) where either analysed as a separate group or coded 
after current occupation depending on which context they were used in.
**Time trend refers to die year when the child was bom.
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From the questionnaire data, compari
sons of infertility rates between the ex
posed and the reference group were made 
as well as comparisons between infertile 
and not infertile groups regarding differ
ent factors believed to affect fertility. 
Within the group of infertile couples, the 
effect of socio-economic status on care 
seeking behaviour was studied (Paper TV). 
From the answers concerning the most 
recent pregnancy the effects of exposure, 
work-related factors as well as life-style 
factors were estimated on time to preg
nancy (Paper V). The data were analysed 
using univariate and multivariate logistic 
regression.

Register and questionnaire data 
(Paper VI)

Using data from The Medical Birth Reg
ister, the rates of spontaneous abortions 
were compared between exposed and un
exposed women giving birth during the 
years 1982-1990. From questionnaire data 
we also calculated the rates of spontane
ous abortions in the different exposure 
groups and did an estimate of the rates in

two time periods, 1954-1979 and 1980- 
1992. By linking the two sources, register 
and questionnaire data, we were able to 
validate data. In a case-referent study with 
spontaneous abortions as cases and live 
boms as referents matched for mothers 
age (5-year intervals) and time of preg
nancy (5-year intervals) we were able to 
study risk factors of spontaneous abor
tions by logistic regression.

Ethics

The register data were linked by Statistics 
Sweden and made anonymous to the re
searchers before analysing. The question
naire study was approved by the Research 
Ethics Committee of the Medical Faculty, 
Umeå University.

Statistics

Analyses were made using SPSS for Win
dows, 1995, (Statistical Package for Social 
Sciences) and Epi-info (WHO, Geneva, 
Switzerland).
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RESULTS AND DISCUSSION

Participation rates 

Register
Every year the Register of Population and 
the Medical Birth Register are compared 
regarding births and deaths according to 
the mother’s civic number. The coverage 
of The Medical Birth Register dates back 
to 1973 and is almost 100% (68). The va
lidity of the national Register of Con
genital Malformations is also well estab
lished. The diagnosis has been estimated 
to be correctly recorded and registered in 
approximately 80% of all severe malfor
mations (23). The register covered the 
entire country from 1973. The Cancer 
Register, which dates back to 1958, has 
also been evaluated and is highly reliable 
(69).

Questionnaire
The questionnaire was distributed by Sta
tistics Sweden and when necessary was 
followed by three reminders. The number 
of questionnaires actually mailed were 
1,784, since some of the randomly se
lected women had already been included 
in the smelter worker group.

The overall response rate was 69%, which 
could of course introduce a selection bias 
due to non-response which would lower 
the validity of this study. The response 
rates in age specific categories and in the 
different parishes are shown in table 5. 
Response rates of workers at the smelter 
may differ between different job catego

ries, which we have not been able to es
timate. The questionnaire was massive 
with detailed questions concerning all 
pregnancies (separate sheets for 8 preg
nancies in each questionnaire); also sepa
rating the time just before the pregnancy 
and during the pregnancy and pregnancies 
which may be as far back as 20 years. This 
is a plausible explanation to why the re
sponse rate was rather low and the ques
tionnaires not completely answered. Table 
6 shows some of the studied variables and 
the frequency of missing values. The 
question on use of alcohol where the fre
quency of missing values was highest (40- 
60%) was very detailed, separating strong 
beer, wine and alcohol, asking drinking 
habits around every pregnancy, 3 months 
before and during pregnancy and for each 
sort there were four alternatives to tick 
for (never, during weekends, some time 
and daily). In the multivariate analysis 
those who did not answer this question 
were analysed as belonging to never 
drinking alcohol, so as not to overesti
mate the effect. A comparison of non 
drinkers and sporadic drinkers regarding 
other ”social factor” such as smoking, 
caffeine, educational level and socio
economic status showed no difference 
between the groups. There is reason to 
think that it was not unwillingness to an
swer this type of question but it was the 
question that was too troublesome be
cause when we asked 774 women in 
Umeå about alcohol consumption during 
the waiting time to pregnancy in another 
study the same year but in a more simple 
question (beer, wine and strong liquor 
consumption per week) less than 1% did 
not answer (70).
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TABLE 5. Participation rates in the questionnaire study.

Category Mailed Responders Responders by age* (%)
questionnaire(%)25-29 30-34 35-39 40-44

Exposed

Smelter workers 345 273 (79) 21 51 83 115

Neighbours:

St. Örjan 259 179 (69) 41 (67) 40 (63) 45(73) 53(77)

Bureå 282 190 (67) 33 (64) 51(77) 49 (66) 57 (65)

References

St Olov 598 394 (66) 115 (74) 85 (65) 93 (61) 101 (61)

Holmsund 300 203 (66) 33 (60) 45 (70) 53 (65) 72 (66)

TOTAL 1,784 1,233 (69)

* Percentage of responders in relation to the population size in the specific age categories.

TABLE 6. Selected variables from the questionnaires (n=1,233) and the frequency of missing 
values.

Variable Missing value (%) Variable Missing value (%)
Exposure gradient 2.4 Job type 6
Mothers age 1.2 Perceived stress 23.4
Fathers age 19.5 Working hours 32
Parity/gravidity 0.2/12.8 VDU 23.8
Smoking 19.8 IUD 3.1
Caffeine 19.6 STD 10
Alcohol 40-60 Pregnancy outcome 6.7
Education 4.2 Infertility problems ever 7.1
Use of Pill 20 TTP 17
Cycle length 28.3

Identification of outcome and cause of difficulties in adequately measur-
assessment of exposure ing the exposures (level and type).

The study of the relationship of indus
trial exposures and reproductive outcome 
is complicated because of problems with 
identification of the outcome and be-

The endpoints studied are among those 
most often used in studies of adverse ef
fects on reproductive outcome and they 
will be discussed individually in the fol
lowing text.
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Identification of outcome 

The register study

Birth weight and Perinatal death (Paper I)

A lot of factors affect birth weight in
cluding maternal height and weight, age, 
parity, smoking habits, maternal diseases, 
malformations, singleton/multiple birth 
and socio-economic status. Birth weights 
were recorded from 1973 and we found 
17,567 children (singletons) with a birth 
weight recorded. Of these 2,666 be
longed to the exposed group and 14,901 
to the unexposed group. Only 115 
(0.7%) did not have a birth weight re
corded. We found no statistically signifi
cant differences in birth weights between 
exposed and unexposed group in either 
of the two periods, 1973-1981 and 1982- 
1990. The frequence of low birth weight 
(<2500 g) tended to be increased in 
smelter employees but it was not statisti
cally significant, RR 1.32 (Cl 0.91-1.92) 
for the entire period 1973-1990. Perinatal 
mortality, defined as stillbirth or death 
within 7 days of delivery, could be calcu
lated during the entire study period 1961- 
1990. There were no missing data on this 
variable. The overall risk of perinatal 
death was 1.23 (Cl 0.94-1.60). For the 
period 1966-1970 we found a significant 
increased risk of perinatal death among 
the exposed compared to the unexposed

group, RR 2.04 (CI 1.2-3.5). When we split 
this exposed group into neighbours and 
smelter workers we found the excess risk 
in the neighbour group, RR 2.1 (Cl 1.2- 
3.0). A tendency towards an elevated risk 
was seen for the period 1961-1965, RR 1.4 
(Cl 0.8-2.2). One interpretation of this in
creased risk could be that it was the pollut
ants that affected perinatal death during 
the first period when the pollution was 
high but the observed risk could also be 
due to random fluctuation. Possible con- 
founders, age, parity and smoking were 
considered. Age and parity did not differ 
between groups. Smoking data were avail
able from 1982 and was missing for 12% 
of the women studied (Table 7). More 
women smoked in the smelter worker 
group compared to the reference group, 
RR 1.4 (CI 1.2-1.7). For the neighbour 
group no statistically significant difference 
was found compared to the reference 
group, RR 1.1 (CI1.0-1.3).

Higher percentages of children with a low 
birth weight were found among the 
smoking pregnant smelter workers which 
could be an explanation to our result, that 
there was a tendency of more babies with 
low birth weight among the employees. 
Education and socio-economic status are 
possible confounders (71) which were not 
possible to take into account.

TABLE 7. Data on smoking habits in mothers according to exposure group, 1982-1990. Per
centages in parentheses.

Smelter workers Neighbours References Total

Smokers 79 (27) 245 (22) 1,550 (20) 1,874 (21)
Non-smokers 162 (50) 688 (62) 5,096 (68) 5,946 (68)
Missing 48 (16) 158 (14) 951 (12) 1,157 (12)

Total 289 1,091 7,598 8,978
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As seen from Figure 11, to detect a rela
tive risk of 1.5 with a power of 80% and a 
95% confidence interval, we need about 
2,500 in each group when the prevalence 
of low birth weight is 4%. So for this out
come our study group, with 2,666 in the 
exposed group were sufficient. Regarding 
perinatal death we need about 10,000 in 
each exposure group in the cohort, when 
the prevalence of perinatal death is 1% to 
detect a risk of 1.5. Our study groups 
were large enough to detect an overall risk 
for the whole period of about 1.9 (we had 
4,344 in the exposed group). In the case- 
referent study of stillbirths among chil
dren bom to smelter employees between 
1937-1961, the number of cases were very 
few (n=37), and no association was found 
between employment at the smelter and

risk of having a stillborn child. But for 
this period, stillbirth was the only pa
rameter available to be studied. Unexpect
edly, it seemed protective to be a smelter 
employee. As a lower rate of stillbirths 
was associated to fathers having a higher 
income at that time this could be influ
encing the unexpected result. A ”healthy 
worker effect”, i.e. smelter workers at that 
time were better off than other residents 
in the parish.

The fact that heavy metals may affect 
birth weight and perinatal death has been 
shown earlier. Lead along with mercury is 
associated with stillbirth (54). Cadmium, 
copper and zinc have been associated 
with intrauterine growth retardation 
(62,63,64,65).

Number In each 
group (sample size)

10000

8000-

6000-

4000-

2000-

RR
— Low birth weight, 4% •— Congenital malformations, 2%
— Perinatal death, 1%

FIGURE 11. Estimation of sample size needed for detection of different levels of risk ratio for 
cohort studies assuming that the incidence rate among the non-exposed equals the prevalence in 
the general population. Calculated using formulas from Schlesselman (72) two-sided alpha 0.05 
power 80% and the following rates: Low birth weight 4%, perinatal death 1%, congenital mal
formations 2%.
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Congenital malformations (Paper m

A tendency towards an increased risk of 
general malformation in the exposed 
population (neighbours) 4.4% versus 
3.8% in the reference population was ob
served, RR 1.15 (Cl 0.95-1.39); and for 
cardiac malformations, RR 1.68 (Cl 0.62- 
4.58). No association was found with oc
cupational exposure of employees. Pa
rental smoking are possible confounders 
(73,74). We were not able to control for 
this confounder and no certain major 
general effect of smoking on the malfor
mation rate has been found earlier (23).

With a statistical power of 80%, a confi
dence interval of 95% and a prevalence of 
2% of general malformation, there should 
be at least 5,000 in each group in the co
hort to show a relative risk of 1.5 (Figure 
11). Despite a study period of 18 years, 
our cohort was only about 17,000 with 
2,724 children in the exposed group 
which allows us to detect a relative risk of 
1.8 and higher.

Lead has been associated with malforma
tions, especially cleft palate (75,76). In
creased risk of deft palate has also been 
associated with cadmium and cobalt (77).

Childhood cancer (Paper III)

The purpose was to determine whether 
children bom to women living near the 
smelter had an increased risk of child
hood cancer. The study group consisted 
of all children bom between 1961 and 
1990. Through linkage to the Swedish 
Cancer Register, diagnoses (International 
Classification of Diseases, ICD 7th revi
sion) in the study group were compared 
with the expected ones based on the na
tional incidence rates. The SIR ratio cal
culated was 195 (Cl 88-300) and thus 
showed an increased incidence, but it was 
not statistically significant. Also regarding

this outcome, the result could be due to a 
small sample size. As the prevalence of 
childhood cancer is only about 0,02% 
very large numbers in each group are re
quired to detect an excess risk. Again, 
smoking must be mentioned as a possible 
confounder (78,79,80). Data on smoking 
were not available before 1982 and the 
habits did not differ between the neigh
bours and the reference group. The can
cer cases were not related to parents 
working at the smelter.

Little is known of the potential carcino
genic effects of heavy metals. Children 
bom to women in occupations involving 
lead were shown to be at a higher risk of 
having childhood cancer (81,82). Regard
ing paternal occupation a review in the 
literature reported a possible association 
between brain cancer and paternal work 
exposure to paints and solvents (83). The 
possible mechanisms for male-mediated 
effects on pregnancy outcome are either 
genetic (fertilisation by a mutant sperm) 
or environmental (transport of toxin 
home or into the female via sperm). 
Probably the paternal influence is of mi
nor importance as different studies using 
different epidemiological designs show 
similar results (84,85,86,87).

The questionnaire study

Infertility, time to pregnancy (TTP) and 
spontaneous abortions may be related to 
each other but we are unsure of the rela
tionship. Do exposures that are associ
ated with prolonged TTP also tend to be 
associated with increased risk of sponta
neous abortions? Infertility and prolonged 
TTP can be indicators of reproductive 
loss at several different stages: gemeto- 
genesis, transport of gametes to Fallopian 
tube, fertilisation, transport of zygote to
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uterus, implantation and early survival, 
before clinical pregnancy is confirmed 
(Figure 3). In our study, TTP is used as a 
measure of fecundity, i.e. relating only to 
pregnancies that result in live birth and 
thus differs from the population studied 
with infertility problems.

Infertility rate (Paper IV)
Heavy metals reported to cause infertility 
problems are lead (88), cadmium (51,89) 
and organic mercury (90,91). Inorganic 
mercury has been reported to cause men
strual disorders (92,93). Since the smelter 
workers all had children we could not es
timate the prevalence of primary infertility 
in this group, but the other infertility pa
rameters did not differ from the preva
lences found in the random sample. Nor 
did we find differences in infertility pa
rameters between the neighbour and the 
reference group.

As reviewed in a recent article by Schmidt 
and Munster (94), the large differences in 
prevalences of infertility may likely be due 
to differences in definitions and methods 
of measurements (Table 8). One of the 
difficulties is how to handle the ”invisible 
denominator” (the population at risk) 
since one is not aware of how often con
ception occurs and very early pregnancy 
loss could be reported as failure to con
ceive because there is no way to separate 
the two; thus a false denominator could 
be created. Some studies have used the 
entire study population (95), while others 
have used the study population excluding 
surgically sterile (96) or women who had 
never tried to become pregnant (97).

Also, there is no agreement on who 
should be included in the numerator as 
being infertile. Failure to achieve preg
nancy after sexual activity without contra
ception for one or two years has been 
used in many studies (98,99,100,101,102); 
Mosher (1985) used women not getting 
pregnant after one year of marriage (96). 
In this paper we have defined infertility as 
not having achieved a pregnancy after one 
year of regular intercourse without con
traception. We have calculated preva
lences, since incidence risks are impossi
ble to estimate when you do not know 
the starting population of concepii Dif
ferent estimates of prevalence have been 
calculated. Current prevalence of infertility 
refers to women who are infertile at pres
ent: 6% were primary infertile at the time 
of the survey and 3% were secondary in
fertile. Ufe-time prevalence refers to women 
who are infertile at present and/or at some 
time have experienced a period of infertil
ity. At the time of the survey (1992), this 
was 24%. The population at risk in our 
study, the denominator, was the entire 
study population, with a random sample 
of 848 women. Of those women who had 
experienced a period of infertility at some 
point in life (209), 119 (57%) had a child 
at the time of the survey (resolved infertil
ity), 63 (30%) did not have a child 
{unresolved infertility) and 27 women (13%) 
did not answer this question. These 
prevalences are consistent with the find
ings in other studies using the same defi
nitions (102,103). Real Ufe-time prevalence 
can only be calculated among postmeno
pausal women.
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TABLE 8. Authors’ concepts and definitions of infertility (with permission).

WHO
(1975)

Infertility
The woman is unable to conceive despite cohabitation and exposure to pregnancy for a 
period of 2 years

Rachootin and Olsen 
(1981)

Reduced fecundity
Women having failed to achieve a pregnancy after having engaged in sexual activity 
without using contraceptive methods for a period of 2 years or longer

(1982)* Subfecundity
Women having failed to achieve a pregnancy after having engaged in sexual activity 
without contraception for a period of 1 (or 2) years or longer

Hull et al.
(1985)

Infertility
Couples who are not surgically sterile and who have not been able to conceive after 1 
year or more of unprotected intercourse.

Mosher
(1985)

Infertility
Couples who are not surgically sterile and who have not been able to conceive after 1 
year or more of unprotected intercourse

Hirsch and Mosher 
(1987)

Infertility
Couples having been married at least 1 year, if neither spouse was surgically sterile, and if 
they had not conceived after 1 year or more of unprotected intercourse

Johnson et al 
(1987)

Infertility
A women who had presented her childlessness as a problem to either her general practi
tioner or a specialist in infertility

Marchbanks et al 
(1989)**

Infertility
No conception after 2 years of trying to conceive
No conception after 2 years of trying to conceive, and the couple consulted physician for 
the problem
No conception after 2 years of trying to conceive, the couple consulted a physician for 
the problem, and the physician diagnosed a problem in the woman, her partner or in 
both.
No conception after 12 months of unprotected intercourse
No conception after 24 months of unprotected intercourse

Martin
(1989)

Infertility
Failure to achieve a pregnancy after at least 12 months with frequent unprotected inter
course

Page
(1989)

Infertility
Failure to conceive while in a stable relationship and engaging in sexual intercourse with
out the use of contraception for a period of 1 year or longer

Sundby and Lund 
(1989)
Greenhall and Vessey 
(1990)

Infertility/subfertility
No pregnancy after 12 months or more of intercourse without the use of contraception 
Subfertility
Failure to conceive after 1 year of regular unprotected intercourse or the occurrence of 
more than two consecutive natural miscarriages or stillbirths

Templeton et al.
(1990 and 1991)

Infertility
Women not becoming pregnant after trying to conceive for >2 years, or after trying <1 
year and referred for infertility investigations

Ghaai et al.
(1991)
Thonneau et al 
(1991)
Högberg et al 
(1992)
Webb and Holman 
(1992)

Infertility
Period of involuntary childlessness (period just before present pregnancy)
Infertility
A couple's failure to conceive after a period of 1 year
Infertility
Woman not having conceived despite exposure to pregnancy for a period of 2 years. 
Infertility
Applies to a couple after 1 years of unsuccessful efforts to become pregnant marked by a 
continuous relationship with intercourse unprotected by contraception or surgical sterility

* Two different definitions examined in one study population
** Five different definitions examined in one study population
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Regarding care seeking behaviour for in
fertility problems, earlier studies have 
shown that 32-95% of primary infertile 
women and 22-79% of secondary infertile 
women have sought medical advice (94). 
In all surveys, primary infertile women 
sought medical advice more frequently 
than secondary and younger women (36- 
40 years old) sought advice more often 
than older women (46-50 years). In our 
study group of 209 women, we found 
that 100 (48%) of those women who had 
experienced infertility problems sought 
medical advice and 103 (49%) did not (6 
cases had a missing value on this vari
able). Out of those 100 women who 
sought medical help, half got pregnant, 
but even half of those who did not seek 
help also got pregnant. These results are 
consistent with the findings of Templeton 
in 1990 (97) and consistent with a study 
from Umeå (1980-1990), which showed 
that for couples visiting the out-patient 
clinic after trying to get pregnant for 12 
months, 42% got pregnant after treat
ment (treatment-dependent pregnancies) 
and 57% got pregnant without treatment, 
(treatment -independent pregnancies) 
(104).

As mentioned above assessing infertility 
rates has the disadvantage that it can not 
differentiate between early spontaneous 
abortion and the inability to conceive. But 
on the other hand, similar factors may 
affect both of these events, so that in 
practice they do not need to be differenti
ated. One factor to take into account in 
the analysis of infertility rate is the possi
bility of women using contraception in
termittently. We did inquire about this in 
our questionnaire and very few answered 
that they used contraceptions periodically 
during periods of pregnancy planning.

Time To Pregnancy (Paper V)

TTP has been proposed as a more sensi
tive screening instrument in detecting en
vironmental and occupational hazards 
(105,106). TTP is defined as the length of 
the period or the number of cycles it 
takes a couple to achieve a pregnancy 
while having unprotected intercourse. A 
slight prolonged TTP for the individual 
couple will not be of much harm but a 
prolongation of the median waiting time 
for a group of for instance employees 
could be an indicator of an increased risk 
of more severe adverse effects. Advan
tages of using this parameter should be 
the possibility of detecting harmful agents 
before irreversible damage occurs and the 
smaller sample sizes required. Baird et al 
1986 estimated that if an exposure de
creases the average per cycle probability 
of pregnancy by 33% this could be de
tected with 80 per cent power (95%CI) in 
a study of about 450 pregnant women, 
half of whom were exposed (105,107). 
One of the disadvantages of using this 
outcome is of course that it totally ex
cludes infertile couples and recall may not 
be accurate when the pregnancy occurred 
a long time previously. However, it has 
been shown that requesting TTP retro
spectively, in questionnaires, has reason
able reliability (108,109,110,111) even for 
recall periods up to 16 years (112). Using 
TTP calculated as cycles in a Cox propor
tional hazard model, Weinnberg et al have 
showed decreasing fecundability ratios 
due to caffeine (113), exposure to own 
mothers smoking (114) and occupational 
nitrous oxide exposure (115). The fe
cundability ratio was defined as the ratio 
of the cycle-specific conception probabil
ity for exposed couples, divided by that of 
unexposed couples.
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In our study, we used a cut-off point at 
one year as proposed by Weinberg et al, 
the time at which the couple is medically 
defined as infertile, and in this way we 
avoided the problem of medical interven
tion bias. We did not find any significant 
prolonged waiting time among smelter 
workers or among neighbours to the 
smelter. Within the group of smelter 
workers a dose-effect relationship was 
found with the longest TTP occurring 
when both parents worked at the smelter. 
But the differences were not significant. 
In a multivariate analysis, we found a sig
nificant increased risk of having a TTP 
longer than 12 months due to smoking, a 
cycle length of more than 35 days and 
sporadic alcohol use (Figure 12). An 
analysis with a cut-off at 3 and 6 months

as well as a Cox proportional hazard 
model gave the same results.

Other sources than the ones discussed 
earlier have to be considered (116). Behav
iour modification bias: when asking retro
spectively about exposures during the 
waiting time, women who took a long 
time to conceive may have changed their 
behaviour in order to enhance getting 
pregnant, for instance by cutting down on 
smoking. Time trend bias:, our study covers 
a period of 20 years with the oldest preg
nancy dating back to 1972. We know that 
the exposure of heavy metals in and 
around the smelter has diminished con
siderably during the study period but we 
did not see any significant time trend in 
the data.
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<12 months TTP >12 months

FACTOR 1 0 2j0

EXPOSURE (References) 
Neighbours 

Smelter workers 

AGE MOTHER (18-29 yrs) 
30-34 yrs 

>35 yrs

AGE FATHER (<35 yrs) 
>35 yrs 

PARITY (>1 child) 

1 child 

SMOKING (no) 
Passive 

Smokers

CAFFEINE (<300 mg/d) 
>300 mg/d 

ALCOHOL (never) 
Sporadically 

EDUCATIONAL LEVEL (high) 
Middle 

Low

SOCIOECONOMIC STATUS (high) 
Middle 

Low
ORAL CONTRACEPTIVE (no) 

The year before 

CYCLE LENGTH ( <35 days) 
>35 days 

JOB TYPE (day/evening) 
Night/shift

WORKING HOURS ( 30-40 h/week) 
<30 h/week 
>40 h/week

PERCEIVED STRESS ( <2h/w) 
Daily

VIDEO DISPLAY UNIT (no) 
Yes

TIME TREND (1982-1990) 
1972-1981
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FIGURE 12. Results from a multivariate logistic regression of TTP with a cut-off at 12 months, 
including all the variables in the figure. Reference groups are shown within parentheses. Odds 
ratios are represented by dots and 95% confidence intervals by lines.
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Spontaneous abortions (Paper VI)

When calculating the risks of spontaneous 
abortions, the difficulties concerning de
fining the denominator is similar to the 
discussion above regarding infertility 
rates. In our study we used two ap
proaches. In the first, we used register data 
and defined the number of earlier spon
taneous abortions as the number regis
tered in The Medical Birth Registry from 
the antenatal records answered by women 
giving birth during the years 1982-1990. 
The denominator was the number of live 
births plus the number of spontaneous 
abortions recorded. We did not find any 
increased risk of spontaneous abortions 
in smelter workers or in the women living 
near the smelter compared to the refer
ence group. The rates of spontaneous 
abortions were 10%, 11% and 12% re
spectively. In the other approach we used

questionnaire data and found no significant 
difference in the rate of spontaneous 
abortions between the neighbour and ref
erence group for pregnancies terminating 
1954-1992. If we split the observation pe
riod in two, we found a significant in
creased risk in the period 1954-1979, but 
this could be biased by the unexpected 
low spontaneous abortion rate in the ref
erence group in this period (7%). In the 
case-referent study, with cases of sponta
neous abortions and referents matched 
live boms we did not see any differences 
regarding exposure either. Power calcula
tions in this type of case-referent study 
are shown in Figure 13 with 5%, 10%, 
30% and 50% exposed among referents. 
In our study with 30% exposed neigh
bours we were able to detect an odds ra
tio of at least 1.7 with our sample size 
(n=171 cases).

Number in each 
group (sample size)

OR

— 5% — 10% ....30% •— 50%

FIGURE 13. Odds ratio and population size for case-referent studies by the following preva
lence rates (% exposed among referents): 5%, 10%, 30%, 50%. Calculated using formulas from 
Schlesselman (116a). Twosided alpha 0.05, power 80% and a 2:1 matching.



34 Results and discussion

We found good agreement among the 
two sources, register and questionnaire 
data, when looking at the number of 
spontaneous and legal abortions regis
tered and recalled by the women during 
the year 1989.

The effect of smoking shows an incon
sistent relationship (23,117) and did not 
show any significant effect in our study. 
Smoking as a risk factor was found in 
other studies (118,119). When drinking 
alcohol sporadically and caffeine during 
pregnancy there was a slight increased 
odds of belonging to the group of women 
having experienced spontaneous abor
tions. Earlier reports of the association of 
alcohol intake and spontaneous abortions 
seems to be inconsistent. No risk increase 
has been reported in some studies (120) 
while other studies report a risk increase 
for more than one drink per week (118). 
Also for caffeine some reports find in in
creased risk (121,122,123,124) others do 
not (125,126,127). The indication of a so
cio-economic risk difference for sponta
neous abortion, although not significant, 
could not be explained in a causative way 
by the available background factors. This 
result could be biased by different inter
pretation of early pregnancy loss and de
layed menstruation by the women de
pending on educational and socio
economic factors and previous and later 
reproductive histories (23).

Paternal exposure to lead (88,128), mer
cury (60,129,130) and cadmium (51) have 
been found to be associated with sponta
neous abortions as well as female expose 
to arsenic and lead (131).

Summary of findings regard
ing time trend
For the outcomes mean birth weight and 
low birth weight we were able to study

two time periods 1973-1981 and 1982- 
1990 without observing any differences. A 
tendency towards an increased risk of 
perinatal death in the exposed group was 
seen 1961-1965 and a significant risk was 
seen for the neighbour group 1966-1970. 
No excess risk was found later. Running 
10-year mean values, 1961-1990, the risks 
of childhood cancer did not reveal any 
time trend.

When studying 5-year intervals, 1972- 
1990, we noticed a prolonged TTP in 
pregnancies 1972-1976, compared to 
1987-1992, but it was not significant. Fi
nally, more spontaneous abortions were 
found in the neighbour group 1954-1979 
compared to 1980-1992, where no differ
ence was seen in the neighbour group 
compared to the reference group. But as 
discussed, this result was unstable.

Congenital malformations and infertility 
could not be assigned to different time 
periods.

Assessment of exposure
In this thesis, the exposed group were 
comprised of smelter workers and neigh
bours to the smelter. The smelter workers 
all lived in the neighbouring area. In the 
register studies, information about the 
smelter workers was gathered from the 
Register of Employees at the Rönnskär 
smelter. Job title, blue-collar or white- 
collar worker was noticed. Employment 
for at least three months within the last 
12 months before childbirth was required 
of the mother and a preconceptional pe
riod of at least three months was required 
of the father. This ensured the right tim
ing of exposure in the male workers. Re
garding the female workers we had to 
choose a reasonable period of time being 
aware of the possibility of exposures af
fecting the female germ cell earlier. Re
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garding the neighbour group, it was de
fined as living within 20 kms from the 
smelter (St Örjan and Bureå) where the 
exposure gradient of the heavy metals are 
highest (Figure 6).

Using job title may result in a certain de
gree of random misclassification with re
spect to exposure. There may be impor
tant differences in level of exposure at 
different work sites within the smelter, 
and using only job title could introduce a 
bias towards no effect or an underestima
tion of effect in the results. To overcome 
this misclassification, on-site measure
ments or biological monitoring of the in
dividual should be done. From the ques
tionnaire, smelter workers were registered 
according to work-site (24 different sites). 
Afterwards, they were grouped in three 
categories: office workers, laboratory 
workers and those working within the 
smelter. As mentioned above, we do not 
know the accurate exposure level in the 
individual but we assume that the workers 
within the smelter were the most ex
posed.

A distinction was also made between 
whether only the mother, only the father 
or both parents worked at the smelter. In 
the studies of environmental exposure 
both parents are exposed which makes it 
very difficult to differentiate between 
maternal and paternal exposure. Also in 
studies of occupational exposures, when 
only one partner is working at the plant, 
exposure of both partners could be pos
sible by ”carry-home” exposure, where 
toxic agents are carried home by the 
workers' hair or clothing. Studies from

Finland have shown increased rates of 
spontaneous abortions and preterm birth 
for women whose husbands were ex
posed to lead and solvents; also an in
crease in the number of children bom 
with cleft palate was observed (128,132).

When studying occupational exposures 
and dose-effect relationships the most 
reproductively healthy women tend to re
produce and therefore leave the work
force or become part-time workers. This 
would result in infertile women being 
more exposed to occupational hazards- 
the reproductively unhealthy worker ef
fect. Full-time workers should therefore 
be compared to full-time workers and 
part-time to part-time workers. As we 
have not seen immense adverse effects in 
smelter workers, this was not a problem 
in our research project.

To take into account possible confoun- 
ders, the questionnaire contained ques
tions about educational and occupational 
background, reproductive history, life
style factors (smoking, caffeine and alco
hol) and work-related factors (e.g. hours 
of work/day, shift work, perceived stress 
and use of video display units). In Paper 
V, regarding time to pregnancy, we asked 
questions around pregnancies which 
could have occurred as far back as 20 
years, and the problem of recall bias may 
thus be apparent. However, by using very 
rough groupings, for instance smok
ing/not smoking, we believe that the re
sults are reliable and in that particular 
study 50% of the pregnancies were actu
ally within the last 6 years.
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GENERAL CONCLUSIONS 
AND SUGGESTIONS FOR 
FUTURE RESEARCH

General conclusions

Concerns about adverse health conse
quences of hazardous exposures date 
back to Hippocrates' warnings to physi
cians to explore patients' environmental, 
life-style and vocational background as 
determinants of etiology and treatment 
(133) and a desire to protect childbearing 
women is part of our nature. The causes 
of reproductive disturbances are often 
unknown and epidemiologists are chal
lenged to investigate reproductive risks in 
the workplace (including female and male 
workers) and in the environment.

The advantage of reproductive studies, as 
mentioned earlier, should be the possibil
ity to identify hazards at an early stage 
and as a consequence be able to make the 
necessary interventions to decrease the 
hazardous exposures.

The concept of this thesis was to perform 
a broad and long-term survey of possible 
adverse reproductive outcomes in and 
around the Rönnskär smelter by using 
follow-up periods as far back as the reg
isters allowed and by using many different 
outcomes as well as different study de
signs. This broad spectrum of outcome is 
the strength of the thesis as adverse re
productive outcome should be seen as a 
continuum. Initially, the investigation was 
demanded from the Swedish authorities 
but also requested by the public because 
of anxieties about the exposures from the 
smelter.

To summarise, from the results of the 
register study, no occupational or environ

mental effects on mean birth weight were 
found. A non significant lower birth 
weight was found among employees in 
both of the studied periods, 1973-1981 
and 1982-1990. There were no overall ex
cess risk of perinatal death in the exposed 
group (employees and neighbours for the 
entire study period 1961-1990). For the 
period 1966-1970 an excess risk of peri
natal death was found among the neigh
bours. The relative risk of congenital mal
formations, 1973-1990, was not signifi
cantly increased for the exposed group 
(employees and neighbours). Regarding 
childhood cancer, 1961-1990, a tendency 
of an increased risk for the neighbour 
group was seen for the whole period, but 
it was not significant.

To summarise the results from the ques
tionnaire study, we found no increased risk 
of infertility in the neighbour group for 
women bom 1948-1992. No occupational 
or environmental effects on time to preg
nancy were found for pregnancies re
ported in the period 1972-1992. Finally, 
regarding the risk of spontaneous abor
tions we found no excess risk from the 
questionnaire study or from the register 
study in either exposure group (smelter 
worker or neighbour).

With the lack of a high statistical power in 
mind, due to small sample sizes in some 
of the studies, the overall interpretation of 
our findings including several outcomes, 
different epidemiological study designs 
and studies covering a long period of time 
gives no evidence for any increased risk 
due to occupational or environmental ex
posure.

Throughout the whole study, we have 
used confidence intervals but statistical 
confidence must also be interpreted in a 
broader sense. The calculation of confi
dence limits only takes in consideration 
random variation in the data. It ignores
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the systematic errors, the biases and con- 
founders.

Evidently, the environmental pollution in 
the area has had botanical as well as zoo
logical effects. The studies mentioned 
earlier performed in the area over the past 
decades show reproductive disturbances 
among the pied flycatcher and even ro
dents. The reason to why no reproductive 
hazards were seen for people living near 
the smelter could be a biological advan
tage of human reproduction being more 
protected from external influences and it 
may also be that our omnivorous diet and 
mobile life style give us an advantage 
compared to other species.

Suggestions for future research

Associations of environmental and occu
pational exposures with impaired fecund- 
ability have been established in other 
studies, but have been difficult to measure 
(134,135). The method of measuring time 
to pregnancy has been introduced as a 
more sensitive and convenient screening 
tool to study environmental and occupa
tional exposures (136). The European

Studies of Infertility and Subfecundity is an 
EU/COST concerted action research 
programme working on developing stan
dard questionnaires for studying fecundity 
and developing statistical models for ana
lysing data on fecundity. Part of that 
questionnaire deals with specific chemi
cals and work-related factors.

Although the problems of reproductive 
wastage, which could be as high as 50% 
(pre-implantation loss of the embryo) are 
to a large extent unknown, it is important 
to continue investigations by combining 
epidemiology with bio-medical and toxi
cological research methods. Focus on im
proved techniques to quantitate exposure 
(metal concentrations, hormonal func
tion, assays of heavy metals, chemicals 
and pesticides in follicular fluids) and to 
quantitate early pregnancy loss should be 
taken.

If a hypothesis exists of an adverse effect 
of a given exposure, a prospective study 
measuring time to pregnancy and/or 
spontaneous abortions with hCG moni
toring could be the ideal study to per
form.
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