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ABSTRACT

Introduction
Most of what we know about the impact of asbestos exposure on human health has
come from cohort studies of men exposed to asbestos in their workplace. However,
most women have been exposed to asbestos non-occupationally. We do not know if
these studies of men, with different exposure profiles, sufficiently describe the risks of
asbestos exposure for women.

Studies of men can not tell us about possible

associations with reproductive cancers. Susceptibility and carcinogenicity may differ in
men and women. Therefore, it is important to look at the health of women exposed to
asbestos to adequately characterise the risks among women exposed to asbestos.

This thesis examines the health outcomes of women exposed to blue asbestos at
Wittenoom, Western Australia. Blue asbestos was mined and milled from 1943 to 1966
by the Australian Blue Asbestos Company (ABA) at Wittenoom, 1,600km from Perth in
the remote Pilbara region of Western Australia.

The original work for this thesis is presented in six manuscripts, some of which have
been published in peer-reviewed Journals. The following aims have been investigated.

1.

(a) To compare the all-cause mortality rates of women who lived at Wittenoom
compared with all-cause mortality rates of the Western Australian female
population
(b) To assess the exposure-response relationship between asbestos and mortality
in women.

2. (a) To compare the incidence rates of common cancers in women who lived at
Wittenoom, compared with the incidence rates of these cancers in the Western
Australian female population.
(b) To assess the exposure-response relationship between asbestos and cancer
incidence at various sites in women.
3. (a) To determine if reproductive cancers (ovarian, uterine cervical and corpus
and breast) and gestational trophoblastic diseases are associated with asbestos
exposure.
iv

(b) To determine if ovarian cancer has been misclassified as malignant
peritoneal mesothelioma or vice versa.
(c) To determine if colon cancer has been misclassified as malignant peritoneal
mesothelioma or vice versa.
(d) To assess the exposure-response relationship between asbestos and
reproductive cancer incidence.
4. To assess the susceptibility of women to asbestos exposure in comparison with
men with similar exposure histories.
5. To predict the future mortality from malignant mesothelioma among women
who lived at Wittenoom.

Methods
These aims were explored using the existing data from the Wittenoom workers‟ and
residents‟ cohort studies.

Wittenoom workers‟ cohort: The Australian Blue Asbestos Company (ABA) employed
7,000 workers in the crocidolite mining and milling operation at Wittenoom. Of these
416 were women. Most women worked in the company office, located within one
kilometre of the mill, or in the company shop and hotel located in town. Cumulative
asbestos exposure was derived for each worker by adding over all of her jobs the
product of the estimated fibre concentration (taken from a survey of the operation in
1966) and the length of time spent in each job (obtained from the ABA employment
records).

Wittenoom residents‟ cohort: A further 5,000 people lived at Wittenoom who were not
employed by ABA. Of these 2,552 were women and girls (46% were aged less than 15
years when they first arrived at Wittenoom). Most were the wives and children of ABA
workers, but some were Government service providers, nurses and teachers. The
residents were identified through Public and other Records including: the Wittenoom
Primary school, the Hospital and General Practitioner, the electoral roll for the Pilbara
Region, questionnaires sent to former ABA workers, and through participation in a
cancer prevention program.

Cumulative asbestos exposure was derived for each

v

resident based on the length of time they spent at Wittenoom and the period they resided
there, from exposure measures taken from various surveys using personal monitors.

In 2005 and 2006 in order to update the follow up on the Wittenoom women, all women
in both cohort studies who were not known to be dead, to have migrated, to be
participating in a cancer prevention program and who did not appear on the Electoral
Roll for Western Australia were searched for in the Marriage Register of WA to
determine if a change of name had occurred. The search commenced from the year they
were last known to be alive.

Cases of cancer and deaths were ascertained from the Western Australian Cancer,
Mesothelioma and Mortality Register to the end of 2004/6. For women not residing in
Western Australia, cancers, mesotheliomas and deaths were obtained from the National
Cancer Statistics Clearing House and National Deaths Index to the end of 2000 via the
Australian Institute of Health and Welfare. Hydatidiform moles were ascertained from
Western Australian hospital separations for the period 1974 to 2004.

Standardised Mortality and Incidence Ratios compared mortality and cancer incidence
among the former Wittenoom women with the Western Australian female population.
Conditional logistic regression related mortality and incidence outcomes to quantitative
measures of asbestos exposure. Proportional hazard models with a Weibull distribution
examined the susceptibility to mesothelioma adjusting for cumulative asbestos
exposure. Models incorporating time since first exposure, competing risks from other
diseases, latency periods and annual rates of fibre clearance from the lung predicted
future mesotheliomas. All statistical analysis was undertaken using Stata 9.0.

Results
Women from Wittenoom have a greater risk of mortality from malignant mesothelioma,
lung cancer, all-cause mortality and all-cancer mortality compared with the Western
Australian female population. Exposure-response relationships were confirmed for
mesothelioma and cumulative asbestos exposure, but not for lung cancer and cumulative
asbestos exposure. Ovarian, cervical, uterine and breast cancer incidence were not
increased among the Wittenoom women compared with the Western Australian female
vi

population.

Ovarian and colon cancers were not misdiagnosed peritoneal

mesotheliomas, and vice versa. Women were not found to be more susceptible to
mesothelioma than men. Women had a steeper exposure response curve, yet the overall
risk of mesothelioma was greater among men. Finally, a further 66 to 87 cases of
mesothelioma have been predicted to occur among the Wittenoom women to 2030.

Conclusion
The Wittenoom crocidolite industry has had a damaging impact upon the health of the
women workers and residents who lived there. Wittenoom women are more likely to die
from malignant mesothelioma and lung cancer, all cancers and all causes than women in
the Western Australian population. This brief period of crocidolite mining in Western
Australia‟s history will continue to exert a detrimental impact upon the future of the
women who lived there, with another 66 to 87 mesotheliomas predicted to occur to the
end of 2030.
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Chapter 1.

INTRODUCTION

The adverse health outcomes of exposure to asbestos: malignant mesothelioma, lung
and other cancers, asbestosis and coarse pulmonary fibrosis and benign pleural diseases
(discrete plaques and pleural calcification, diffuse pleural thickening, pleural effusion
and rounded atelectasis) have largely been determined through the examination of
cohort studies of men exposed to asbestos in their workplace. However, women are
more likely to have been exposed to asbestos from their environment or in their home
and have not been subjected to the large exposures often received occupationally.

Therefore, women exposed to asbestos may have quite a different exposure profile to
men. Given this difference, we do not know if the results from surveys of men are
relevant to characterize the risks among women. There may be sex specific responses
to asbestos exposure that cannot be determined solely through an examination of male
subjects. Susceptibility and carcinogenicity may vary by sex. Also, surveys of men
cannot be used to examine breast or reproductive cancers. Therefore, it is important to
look at the health of women exposed to asbestos to adequately characterise the risks of
women exposed to asbestos.

1.1.

Aims

This thesis investigates the health outcomes of women exposed to blue asbestos
(crocidolite), at Wittenoom in Western Australia. It investigates cancers and other
causes of death but does not consider benign pleural diseases.

Using data from the existing Wittenoom workers and residents‟ cohort studies this
thesis has the following objectives.

1. (a) To compare the all-cause mortality rates of women who lived at Wittenoom
compared with all-cause mortality rates of the Western Australian female
population
(b) To assess the exposure-response relationship between asbestos and mortality
in women.

14

2. (a) To compare the incidence rates of common cancers in women who lived at
Wittenoom, compared with the incidence rates of these cancers in the Western
Australian female population.
(b) To assess the exposure-response relationship between asbestos and cancer
incidence at various sites in women.
3. (a) To determine if reproductive cancers (ovarian, uterine cervical and corpus
and breast) and gestational trophoblastic diseases are associated with asbestos
exposure.
(b) To determine if ovarian cancer has been misclassified as malignant
peritoneal mesothelioma or vice versa.
(c) To determine if colon cancer has been misclassified as malignant peritoneal
mesothelioma or vice versa.
(d) To assess the exposure-response relationship between asbestos and
reproductive cancer incidence.
4. To assess the susceptibility of women to asbestos exposure in comparison with
men with similar exposure histories.
5. To predict the future mortality from malignant mesothelioma among women
who lived at Wittenoom.
1.2.

Structure of the thesis

This thesis studies women and girls who lived and worked in Wittenoom, Western
Australia. To provide a context to this thesis the history of this mining and milling town
is given in chapter two. Also a general overview about asbestos, its form, use and
distribution and the possible mechanisms by which asbestos causes disease is provided.
This chapter concludes with a description of the main asbestos-related diseases
addressed in this thesis.

In chapter three cohort, case control and descriptive studies of women who have been
exposed to asbestos are reviewed to clarify what is currently known in this area and
identify the strengths and weaknesses of past research.

Chapter 4 presents six published and yet to be published manuscripts that investigate the
objectives of this thesis.

15

The final chapter draws together the whole project, summarising the findings and
discussing the strengths and weaknesses of the project and concludes with further
research recommendations

References are found at the end of each chapter and manuscript.

Appendices include the first page of published manuscripts and associated editorials.
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Chapter 2.

BACKGROUND

This chapter introduces the background to the issues presented in this thesis. It begins
with a description of the mining and milling operation at Wittenoom, the township of
Wittenoom and the women who went there, who are the focus of this thesis. Next
follows a brief history of asbestos use that sets the scene for Wittenoom‟s historical
place in the global asbestos production. Then the main sources of asbestos exposure of
women including the differences between occupational and general environmental
exposures are discussed. The multi stage model of carcinogenesis in relation to asbestos
exposure is then summarised before an examination of the mechanisms for disease
causation and the main fatal asbestos related diseases of asbestosis, mesothelioma and
lung cancer. Also examined are cancers that are confined to females: gynaecological
cancers and gestational trophoblastic diseases.
2.1.

Asbestos mining and milling at Wittenoom, Western Australia

The presence of amphibole minerals in the Hamersley Ranges, in the remote Pilbara
region of Western Australia, 1600km northwest of Perth, was first reported by the
Western Australian Mines Department in 1917.

In 1936 asbestos deposits were

„discovered‟ in the gorges of the Fortescue River by LG Hancock and subsequently
extracted using hand cobbing methods. Milled fibre was produced by the Hancock and
Wright Company in Yampire and Wittenoom Gorges until 1943 when the venture was
taken over by the Australian Blue Asbestos Company (ABA). Colonial Sugar Refining
Ltd (CSR) took over the operation as the parent company of ABA in 1948. Between
1943 and 1966 two mines and mills (the first in Wittenoom Gorge the second in
Colonial Gorge) were worked at various sites until 1966 when the surviving mine and
mill were closed for financial reasons.1

CSR‟s asbestos mining venture at Wittenoom was marginal in terms of the amount of
ore produced and its profitability. The greatest annual output of 17,491 short tons was
achieved in 1962, compared with 116,330 short tons extracted in South Africa in the
same year.2 Australia never achieved self sufficiency in asbestos production. ABA had
debts of A$1.6 million in 1955 increasing to A$2.5 million by its time of closure in
1966.3
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Figure 2.1
2.1.2.

Location of Wittenoom, Western Australia4

Wittenoom Township

In this section the relationship between ABA and the community of Wittenoom is
described and through this the pervasiveness of asbestos in all aspects of working and
home lives is illustrated. While the population was small, approximately 500 at any one
time, exposure to asbestos was a common feature.

The township of Wittenoom was formed as a direct result of the asbestos mining and
milling operations and in the 1950s was the largest urban centre north of the Tropic of
Capricorn in Western Australia (WA).2 The original settlement of Wittenoom was first
located in the gorge itself, 1.6km from the mine, but in 1947 as the workforce grew, the
town of Wittenoom was built at the entrance to the gorge, about 12 km away from the
mine, on the flats of the Fortescue River.

The Australian and West Australian

Governments supported the formation of the township in the hope of opening up the
north west of Western Australia, and provided housing, schools, police and other
amenities. By August 1951 it had 150 houses.1 Wittenoom was principally a company
town, with ABA owning the single men‟s residences, the largest retail store, and the
18

hotel, in addition to being the largest private employer. ABA managers were Justices of
the Peace and supervised the police courts. ABA was the agent for rent collection for
State Housing Commission Homes, water rates, and house maintenance. Most workers
were immigrants from Southern and Eastern Europe. Layman in a sociological and
historical analysis of Wittenoom argues that the workers were not organised and lacked
power and language to demand better working and living conditions, including adequate
dust control measures.2

By 1958 the township had a general store, State and Catholic schools and kindergarten,
a hospital, police station, post office and hotel. Other amenities included a café, library
and cinema, billiard room, tennis courts, a race course and cricket and football ovals.5
However, housing and living conditions were very basic. The government provided
houses that consisted of one sheet of asbestos cement on the inside and just the wooden
framework on the outside, so houses quickly heated during the day, but had the benefit
of cooling quickly at night. Each house was equipped only with a wood stove for
cooking, in a climate where the day temperature rose to more than 38ºC (100º
Farenheit) for eight months of the year. The house water supply pipes were located just
below the ground‟s surface and baths had to be run in the morning so that they would be
cool enough to use at night. Showers could not be taken as the water was scalding
hot.6,7 There was no swimming pool located in the township, rock pools were present in
the gorges but most residents did not have access to a car to get to them. 7 There was no
air conditioning, no radio and no television and the closest town (Port Hedland) was 300
kilometres away, accessible only by unsealed road/track that often became impassable
in the rainy season.

Tailings from the mine, rich in crocidolite fibres, were used throughout the town to pave
roads and footpaths, parking areas, school playgrounds and for reducing the red dust in
back-yards in the dry and the mud in the wet, as substitute for gravel and sand. The
local shire (Ashburton) used the tailings on town roads, at the golf course, race course,
airport, drive in cinema and caravan park. The use of tailings in the town did not stop
until the mid 1960s. Vehicle movement over the roads raised a great deal of dust.
Airline pilots claimed they honed in on Wittenoom from considerable distances by
identifying the blue haze emanating from the mill on the horizon.5 Similarly crocidolite
contamination existed in areas outside the town; at the mine and mill sites, the tailings
dumps in the Eastern and Western Gorges and their surrounds. The tailings have also
19

washed into local creek beds.8

Recreational pastimes also included asbestos; the

racecourse was covered with tailings from the mine and clouds of blue dust were raised
when the horses raced past and a competition filling 44 gallon drums with tailings was
also popular. Former Wittenoom residents vividly recall the asbestos dust that
permeated the town.2 In summary, asbestos was prevalent at work, home and in the
general environment and an accepted part of everyday life.
2.1.3.

Closure of Wittenoom

ABA closed its doors on December 1st 1966 after giving one month‟s notice of intention
to cease operations. Left behind were unsafe mine-sites, huge tailings dumps and a
town that was extensively polluted with asbestos tailings. As it was the biggest
employer in town, most people left Wittenoom at that time, although tens of residents
remained living in the town.9 The remaining residents and local council were opposed
to closing the town and lobbied hard for clean up operations to be undertaken and the
area developed for tourism. Eight air monitoring studies were undertaken in and around
the township between 1973 and 1992 in an attempt to gauge the level of risk for the
remaining residents.10

The township was condemned to closure and reprieved a number of times over the next
four decades. In 1978 the Western Australian government decided to close down the
town, but this decision was later reduced to a ban on the connection of new essential
services in an attempt to deter new residents.

In December 1980 there were 88

remaining residents.11 In 1981 the Western Australian government again confirmed the
phasing out of the town but this policy was modified in 1984 to ensure that state
services and existing facilities were maintained until alternatives were available. In
December 1985 the primary school closed and the State government commenced
purchasing properties and demolishing them. In 1989 Wittenoom police station closed,
the nursing post closed in 1990 and in 1993 the airport was officially closed.1 In 1994
the Western Australian government accelerated the phasing out of the town and decided
that no systematic clean up of the town would occur. Instead access to the mine-sites
was prohibited and further building in the town prevented. In addition, signs are present
warning visitors of the potential risk to health.10

By 2005 only 12 permanent residents remained.8
20

2.2.

Women at Wittenoom

Apart from a small number of State Government employees; teachers and nurses, most
women who came to Wittenoom were wives and partners of ABA workers. ABA had
commenced a program of recruiting its workforce from outside Australia, and carried
out private recruitment drives, the first in Italy in 1950 and the last in Lebanon in 1965.2
Workers, and their families, were recruited to Wittenoom on two year contracts.
Between 35% and 50% of the ABA workforce were non-British migrants.

The sex ratio in the township was 2:1 in favour of men, as the majority of workers were
young and transient and if they had families they came to Wittenoom without them.12
The families that were at Wittenoom were mostly young couples with small children. In
1953 there were 130 women and 200 children in the town, the majority of children
being less than school age.12

Women often were initially dismayed on their arrival at Wittenoom.12

They are

recorded to have burst into tears when they saw the bush, their houses and the township
itself. They were not acclimatised to the heat, the physical environment or the local
fauna: snakes, centipedes and racehorse goannas and were also socially isolated because
of language barriers.12 For many women, Wittenoom was a place to be „endured‟.
Some took in laundry and boarders so they could “get out of there quicker”.12
Wittenoom was perceived as being too isolated, male dominated and primitive and the
way of life too centrally focused on alcohol and the hotel. Heavy drinking and broken
relationships were not infrequent occurrences.12

The Australian Blue Asbestos Company was the largest employer in town and most of
its jobs were for male workers. Those women who worked for ABA were mostly the
wives of ABA employees. A few women were employed sewing the hessian bags in
which the asbestos was transported between 1960-1966 and small numbers of other
women worked in the company office, town store and hotel. No more than 20 women at
one time worked for ABA.12 While chest x-rays were mandatory, women who worked
for ABA were rarely offered annual chest x-rays.3
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2.3.

History of asbestos use

The use of asbestos has been reported since the time of early humans. Busmanoid
pottery dating from the stone age period in the region from southern Sudan to northern
Kenya was found to contain traces of amphiboles13 and Finnish pottery incorporated
asbestos (anthophyllite) from 2500 B.C.14 Numerous ancient references to asbestos use
have been reported. Herodotus, about 456 B.C., commented on an asbestos cremation
cloth whilst Plutarch (46-120 A.D.), discussed a rock yielding soft yarn-like filaments,
which was made into towels, nets and women‟s head coverings, which were thrown into
the fire to be cleaned.13 Marco Polo is reputed to have visited a Chinese asbestos mine
in the later half of the 13th Century14, whilst Benjamin Franklin brought a purse woven
from amosite to England in 1725.13 Body armour from the 15th Century contained
asbestos and Norway manufactured asbestos lamp wicks and paper in the 16th
Century.15

More recent usage of asbestos commenced with the discovery or rediscovery of very
large deposits of chrysotile in Canada and crocidolite in South Africa in the 17 th
Century. By 1876 asbestos mines were extracting ore from Quebec in Canada. Serious
crocidolite production in South Africa‟s North West Cape province did not occur until
the early 20th Century. Other countries that developed sizeable asbestos industries
include, Italy, Russia, Zimbabwe (Rhodesia), the United States (US) and more recently
China and India.

Industrialisation and the use of steam driven engines increased the demand for the
commercial use of asbestos during the last half of the 19th Century. Initially it was used
primarily for packing and for insulation, but subsequently was developed for a myriad
of uses. These included: roofing felt and cement: brake bands and brake linings: yarns
and packing cords: clutch facings: asbestos cement pipes: mattresses: gloves and
mittens: draperies, blankets and ironing board covers. World War II saw a substantial
increase in the demand for asbestos and a further increase in its range of uses:
development of protective asbestos clothing, spraying of asbestos in naval ships, filters
for wines and cigarettes, insulation, gas-masks, corrugated roofing, incorporation into
paints, plastics and asphalt13, hairdryers and toasters, play sand and baby powder.15 In
total asbestos has been used in three to four thousand commercial products.15
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Global asbestos production peaked in 1975 with five million tons that year.16 The
largest producers were the former Soviet Union (1.8 million tons), Canada (1.1 million
tons) and South Africa (355 thousand tons). Global production declined to two million
tons in 2000 increasing slightly in 2005 to 2.5 million tons.17

Ninety five percent of the asbestos used commercially in North America was chrysotile,
sourced mostly from Canadian and Russian mines. Crocidolite and amosite were also
used in North America and the United Kingdom (UK) and were imported from South
Africa.18

Until the mining leases at Wittenoom in Western Australia were taken over by the
Australian Blue Asbestos Company in 1943, more chrysotile than amphibole asbestos
was mined in Australia. After this, crocidolite became the major type of asbestos until
ABA ceased operations in 1966. More than 60% of all crocidolite mined at Wittenoom
was used in the asbestos cement manufacturing industry. Australia also imported raw
asbestos: chrysotile from Canada and crocidolite and amosite from South Africa, as well
as manufactured asbestos goods from the UK, USA, Federal Republic of Germany and
Japan. By 1954 Australia was ranked fourth among countries in the developed world
for gross consumption of asbestos cement products, after the USA, UK and France.
Australia was the highest consumer on a per capita basis.19

2.3.1.

Chemical and physical properties of asbestos

Asbestos is the commercial name given to a number of naturally occurring minerals that
have crystallised to form long thin fibres and fibre bundles. There are two family types
of asbestos: serpentine and amphibole.

Chrysotile (white asbestos) is from the

serpentine group of minerals and has been the most common commercially-used form
of asbestos.

The fibres consist of fibrils with a layered silicate composition formed

from cylindrical tubes. A chrysotile fibril has a diameter of 0.02–0.04 microns (μm).
When chrysotile ore is crushed bundles of fibres consisting of varying numbers and
length of fibrils which may exceed 100μm are produced. The fibres have a curved, curly
or wavy appearance and this is particularly seen in the fibre bundles greater than 10μm
in length.20
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There are five varieties of amphiboles: crocidolite (blue asbestos), amosite (brown
asbestos), actinolite, tremolite and anthophyllite. The fibres are made of silicon dioxide
tetrahedrons formed in parallel chains and are needle shaped and inflexible.18
Crocidolite fibres generally have the finest diameter, the crocidolite fibril having a
diameter of 0.1–0.2μm. Amosite fibres are slightly thicker and the non commercial
varieties of actinolite, tremolite and anthophyllite are coarser.20

2.3.2.

Quantitative measures of asbestos exposure used in epidemiology

Early measurement of airborne dust in the occupational environment consisted of counts
of small particles, (not fibres) measured in millions of particles per cubic foot (mpcf)
although asbestos measurements were rarely taken before the 1930s.21,22 After 1965 and
the introduction of the membrane filter sampling method, the number of fibres longer
than 5μm in one millilitre of air (f/ml) were measured.21

Quantitative measures of exposure have been used in occupational epidemiology to
examine exposure-response relationships to ascertain if the substance of interest is
associated with morbidity and/or mortality. Usually measures of the intensity or
concentration, the duration and the frequency of exposure are used, singly or in
combination.23

Often the duration of exposure is more accurately known than the

intensity of exposure, which is determined from the airborne dust and fibre counts. Non
differential measurement error tends to lead to a bias in the effect measure, usually
downwards, towards the null.24 Among the Wittenoom workers cohort, de Klerk et al
showed a much stronger effect for duration of exposure than intensity of exposure and
lung cancer mortality, probably due to bias in the estimates of the intensity of
exposure.25

Cumulative exposure measured in f/ml-years is derived by multiplying the duration of
exposure (measured in years) and the intensity of exposure (measured in f/ml).
Cumulative exposure has been suggested as the most appropriate exposure index to use
for materials that cause chronic effects such as cancer.23 Liddell et al reported a linear
association between cumulative asbestos exposure (mpcf x years) and lung cancer
mortality among Canadian chrysotile asbestos miners and millers.26 This exposureresponse relationship fit much better than the model that just used the duration of
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exposure.21 A later analysis of the data using f/ml-years also reported a linear
association with a good fit.21

Analysis of coated fibres or asbestos (ferruginous) bodies from post-mortem lung tissue
and bronchoalveolar lavage fluid and sputum have also shown a good correlation with
airborne estimates of various types of amphibole asbestos exposure. Generally
chrysotile asbestos does not show a good correlation with these other measures of
asbestos exposure, probably because it is more rapidly cleared than other types of
asbestos.27 Cumulative asbestos exposure (f/ml-years) and counts of crocidolite fibres
and asbestos bodies showed a close correlation in the Wittenoom workers cohort.28,29
Fibre burden also correlated well with cumulative exposure (mpcf x years) among
asbestos workers exposed to other types of asbestos.27 Asbestos bodies closely reflected
the duration and intensity of past exposure when examined in samples of sputum among
vermiculite workers (contaminated with tremolite asbestos), although the association
did not hold among a further 600 specimens obtained from 11 cohorts of workers
exposed to chrysotile or other man made mineral fibres.30 Counts of ferruginous bodies
increased with age among residents of Karain and Tuskoy in Cappadocia, Turkey
exposed to erionite.31

For mesothelioma, the latency period (or lag - the period of time that has passed since
first exposed to asbestos to the onset of the disease or death) is another important
quantitative measure of asbestos exposure. Mesothelioma mortality rates have been
found to be proportional to the 3rd or 4th power of time since first exposed to asbestos.32

2.4.

Sources of asbestos exposure for women (generally)

The most common route of asbestos exposure for women has been from their general
environment and/or home. Women have been exposed to asbestos in their environment
by living close to an asbestos mine or mill or an asbestos cement factory or
manufacturing industry.14,33-35 Others have been exposed by living in environments
contaminated with asbestos emanating from those industries or from naturally occurring
asbestos.36-38 Domestic exposure has occurred by living in the household of an asbestos
worker and/or by shaking out and washing their contaminated work clothes.33,39 These
exposures are referred to collectively as environmental exposure.
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A less common source of asbestos exposure for women has been occupational exposure.
The World Health Organisation estimates that globally 5-20% of working age females
(15-64 years) have been exposed to occupational carcinogens, including asbestos.40
Settings in which female workers have been exposed to asbestos included mining and
milling asbestos, or in factories that have manufactured the raw asbestos into textiles,
insulation, or asbestos cement products. Workers in industries or occupations that have
used the manufactured products such as shipyard workers, construction workers,
railway workers, brake mechanics and gas mask workers have also been exposed.
Historically, apart from World War II, women have not tended to work in these types of
industries or occupations in large numbers. However, because of the wide use of
asbestos and asbestos products, workers in non traditional manufacturing industries
have also been exposed. These include pulp and paper mill workers, jewellers, cigarette
filter makers and rag sorters.41
2.4.1.

Differences in asbestos exposure from occupational and environmental settings

The concentration of asbestos fibres found in an occupational setting have varied
considerably over time and in different workplaces, although in many situations fibre
levels have never been measured. Gibbs and Du Toit reported dust concentrations of
fibres >5μm in length per centimetre3 in asbestos mines and mills in South Africa,
Canada, Cyprus and Italy.42 However concentrations were measured using different
methods and equipment and are not easily reconciled. A crocidolite mine in South
Africa reported the highest level (2,687f/ml in the Cape in 1943) whilst a chrysotile
mine in Quebec reported (42f/ml in 1960).42 In the 1970s fibre concentrations were
measured in various manufacturing industries in the United States. Factories that
manufactured primary friction products or textiles from raw asbestos had the highest
concentrations reported at (2f/ml, range 0.1-15.0) and (4f/ml, range 0.25-10)
respectively.43 Clearly some industries may have exceeded these ranges and these levels
would have been reduced substantially from periods prior to the introduction of
ventilatory and exhaust systems. Many women working in asbestos-exposed
manufacturing occupations worked in asbestos textile manufacturing.

Within that

industry, specific jobs of carding or spinning and weaving the asbestos fibres would
have been subjected to higher levels of asbestos. Individual exposures as high as 120 to
140f/ml for carding and weaving positions have been reported in some US textile
factories.43 The risk of respiratory cancer (including mesothelioma) has been found to
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be greater among textile workers than asbestos miners and millers, exposed to the same
cumulative levels of asbestos. These differences are not explained by underestimation
of exposure levels in the textile workers, nor differences in fibre dimension and the
aetiology is not well understood.27

The concentration (intensity) of asbestos in a general environmental setting is usually
lower than that experienced in an occupational setting, although it can still be
substantial. In fact domestic exposure has been estimated to be as high as occupational
exposure in some situations. Fibres at levels ≥100f/ml have been recorded after
brushing or shaking out clothes, and these fibres tended to remain airborne for days
before settling.44 Nicholson et al reported fibre concentrations of between 100 to
5000ng/m3 in the homes of asbestos workers45, which was much higher than ambient
exposures reported in US cities 0.09-70ng/m3.43 Fibres are not removed by ordinary
vacuum cleaners and so can remain in situ for many years and become airborne
whenever disturbed.41

Lung fibre concentrations among long term residents of Thetford Mines, Quebec were
found to be 10 times higher than that of the average Canadian.46 Lung fibre burden
studies have shown that asbestos fibres in the environmental setting tend to be shorter
and finer than those found in the occupational setting.47 Shorter respirable fibres may
be more easily cleared from the alveoli of the lung which may partly explain the lower
incidence of asbestos-related disease following environmental exposure.

People exposed to asbestos in their general environment are often exposed at younger
ages than those exposed occupationally: it is not uncommon for people to be exposed to
asbestos in their environment soon after birth48, while occupational exposure does not
usually begin before the age of 15 years (in developed countries). The duration of
environmental exposure may be longer than that obtained in an occupational setting
because environmental exposure is 24 hours a day compared with eight hours in the
occupational setting. In that situation the cumulative exposure (intensity X duration)
may be similar to that achieved in an occupational setting.36

The latency period (time between first exposure and presentation of disease symptoms
or death) is usually longer among persons exposed environmentally compared with
27

persons exposed occupationally. This may be because of the lower levels of asbestos
exposure in environmental settings compared with that found in occupational settings.
Metintas et al found that accumulation of years of low grade exposure did not affect the
latency period48, which suggests that latency may be more closely related to intensity of
exposure, rather than duration.
2.5.

Multi stage model of carcinogenesis

Multi stage models of carcinogenesis attempt to describe the biological processes
involved in cancer development in mathematical and conceptual terms. The simplest
model was proposed in 1954 by Armitage and Doll to explain the observation that age
specific cancer incidence curves increased linearly with age.49 Plotting the logarithm of
incidence against the logarithm of age resulted in a straight line with a slope between
four and five.50 This model is written as I(t) α tk-1 where I(t) represents incidence at
time t, and k represents the power (an exponent).

For many cancers this model

represented the background age specific rate and k was equal to 5 or 6.50 The basic
premise to the Armitage/Doll model was the assumption that cancer develops from a
single normal cell that has undergone a series of transitions. The occurrence of the last
transformation leads to cancer in that cell. The number of cells at risk at the start is
assumed to be large, but the probability of the critical number of transformations
occurring in any individual cell is considered to be small.50 If this model were true, most
cancers would develop after the cell has undergone five or six transformations towards
malignancy.51

Multi stage models of carcinogenesis have been useful in the examination of early and
late stage carcinogens and risk of cancer. Carcinogens are thought to act by increasing
the transition rate between stages beyond the background rate.51 If the carcinogen acted
on an early stage transition then the risk of cancer would show no effect with age of
exposure, a slow increase with time since first exposure and little or no effect with time
since last exposure. If the carcinogen acted at a late stage then the risk of cancer would
increase with age at first exposure, increase rapidly with time since first exposure and
plateau with time since last exposure.51

This model is consistent with asbestos acting as an early stage carcinogen in its effect
on malignant mesothelioma and a late stage agent in its effect on lung cancer risk. For
mesothelioma the absolute excess risk is independent of the age at which exposure
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commences and can be described exclusively in terms of a power of time since first
exposure.32 For lung cancer the absolute excess risk rises rapidly with increasing age at
first exposure, while the relative risk remains roughly constant and the risk increases
much earlier after first exposure than does the risk for mesothelioma and is greatest 10
to 20 years after first exposure.50
2.6.

Asbestos and disease causation

Inhaled asbestos fibres are of varying sizes and lengths. Those longer than 100μm are
trapped by the fine hairs in the nasal cavity and usually do not enter the lungs. Fibres
longer than 40μm encroach on the walls of the trachea and bronchi and generally do not
enter the smaller peripheral airways and gas exchanging regions of the lungs. The ones
that tend to reach these areas are less than 35μm in length and 1-2μm in diameter.
However, the diameter of the fibre is important for respirability and fibres longer than
100μm can reach the peripheral lung regions if their diameter is small.52
2.6.1.

Clearance of asbestos fibres from the lung

Inhaled particles are removed from the lungs by several mechanisms dependent on the
site of deposition. The mucociliary transport escalator removes towards the mouth, any
particles that deposit in surfaces of the conducting airways which are lined with ciliated
columnar epithelium containing mucous secreting goblet cells and submucosal mucous
glands. The alveolar macrophages phagocytise particles deposited in the gas exchanging
regions of the lung and pulmonary lymphatics transport particles to the conducting
airways for removal by mucociliary clearance mechanisms or to local and distant lymph
nodes.53

Animal studies have observed asbestos fibres within the cytoplasm of

epithelial and interstitial cells within 24 hours following brief inhalation.53 Once fibres
have entered the interstitium they then have access to the vascular and lymphatic
systems. Fibres in the lymphatic system can be channelled to the visceral pleura and
subsequently to the pleural cavity.

Asbestos fibres and bodies (phagocytised fibres coated with free alveolar macrophages),
have been observed in tissue samples from the lungs, mesentery and omentum54;
thoracic lymph nodes55; parietal pleura and kidney56 and the spleen, liver and brain.57
Among women fibres have been found in the ovaries of household contacts of asbestos
workers58, and Norwegian pulp and paper workers.59 It has been hypothesised that
asbestos fibres may reach the peritoneal cavity in women via passive transfer through
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the transvaginal route or through sexual intercourse.58 Fibres have been observed in
placental, lung, muscle and liver digests of stillborn babies.60 The transport mechanisms
to these extrapulmonary sites are not firmly established.56

Shorter fibres are more rapidly cleared from the lung than longer fibres. The average
length of fibres remaining in the lung increases with time since first exposure, consistent
with clearance mechanisms being more efficient for smaller fibres.53 Amphibole fibres
tend to accumulate within the lung with continuing exposure, whereas chrysotile fibres
are less durable and broken down into smaller fibrils which are more likely to be
removed from the lung.61 Clearance of amphibole fibres in animal studies and among
occupationally exposed populations is slower than chrysotile fibres.62

The biopersistence, or length of time that the asbestos fibre remains in the lung or other
surfaces, impacts on the risk of disease development. Clearance of amphibole fibres
have been observed in animal experiments and from lung fibre counts at post-mortem
among occupationally exposed workers. Rats exposed to crocidolite through inhalation
for six months showed that 73% of crocidolite fibres had been eliminated 18 months
after the last exposure. The amount of chrysotile dust in the lungs did not increase with
continuing exposure, which suggests a high elimination rate for chrysotile.63 Among
Baboons the half life of crocidolite was estimated at 50 months, which corresponds to
an elimination rate of 17% per year.64 Among crocidolite miners in South Africa, a half
life of six years (72 months) was estimated65, corresponding to an elimination rate of
12% per annum.66 The rate of elimination among female World War II gas mask
assemblers, exposed to high amounts of crocidolite over a short space of time, was
estimated between 10 and 15% per annum.66 Clearance per annum between 9% and
15% was reported among the Wittenoom workers (largely male).28,67
2.6.2.

Mechanisms for cancer causation

Asbestos is unusual in that as well as being a carcinogen it can also produce non
malignant pulmonary and extrapulmonary responses.68 The causal mechanism between
asbestos exposure and disease initiation is not well understood. The fibre dimensions
are important for pathogenicity and carcinogenicity of asbestos-related diseases, as well
as deposition in and clearance from the lung. Fibres smaller than 0.25μm in diameter
and more than 5.0μm in length are considered most important for carcinogenesis,69
although Dodson et al state that asbestos fibres of all lengths can induce pathological
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responses.68 Possible explanations as to how a mineral fibre such as asbestos might
cause cell change are discussed below.

Mechanical irritation; long thin fibres penetrate the lung and protrude from the visceral
pleura thereafter „scratching‟ the overlying parietal pleura. This results in cycles of
damage, repair and inflammation to mesothelial cells leading to scarring or cancer.70

Longer fibres are thought to cause “frustrated phagocytosis” where the macrophage is
unable to digest the whole asbestos fibre, because of its long length. This results in an
incessant production of hydroxyl radicals and reactive oxygen species which induce cell
injury.18,71 Similarly different metals located on the surface of the asbestos fibre have
been shown to generate reactive oxygen species and to induce injury in the lung or
extrapulmonary sites.72 In particular, fibres which contain more iron and are longer have
been shown to generate greater amounts of reactive oxygen species.18

Frustrated phagocytosis of mineral fibres in the lung by macrophages, also leads to the
formation of reactive oxygen species and the release of various enzymes and
metabolites including cytokines, lyosomal enzymes, hydroxyl radicals and growth
factors73. These are associated with a persistent inflammatory response that triggers
mitogen-activated protein kinases associated with early response genes.18 Activation of
the mitogen-activated protein kinase cascade has been shown in laboratory experiments
to stimulate the phosphorylation of the extracellular signal-regulated kinases that are
associated with apoptotic and proliferative responses to asbestos.18,70 ,74 Reactive oxygen
species production and its inflammatory response possibly plays a role in the
development of fibrosis.62

Generation of hydroxyl radicals may be particularly relevant for asbestos carcinogenesis
because these molecules can modify and damage cellular DNA. Inadequate repair of
this oxidative damage may lead to mutations or DNA strand breaks.73,75

Long thin fibres may interfere with mitosis. Phagocytised crocidolite fibres have been
found to sever or pierce the mitotic spindle, therefore disrupting mitosis occurring in
lung epithelial cells of the newt Taricha granulosa.76 Disruption of mitosis can lead to
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aneuploidy (the condition of having less than or more than the normal diploid number
of chromosomes) or other types of chromosomal damage.70
2.7.

Malignant mesothelioma

Asbestos-related malignant mesothelioma usually presents as a diffuse involvement of a
mesothelial surface, most commonly in the pleura, less frequently the peritoneum and
rarely the pericardium or the tunica vaginalis testis. It has a long latency period rarely
developing within 15 years since first exposure.77 It is universally fatal and the average
(median) survival after diagnosis is nine months. Malignant mesothelioma is a very rare
disease in populations that have not been exposed to asbestos or erionite.

According to Wagner69 a report published in 1870 of a single case is the first generally
accepted definition of the pathology of mesothelioma. An early description of the
association between crocidolite exposure and pleural mesothelioma was reported by
Wedler in Germany in 1943.69 The diagnosis became more frequent in the 1950s and
„60s with several studies describing cases of pleural and peritoneal mesothelioma or
“endothelioma”.78 In 1960, the association was confirmed when Wagner described
thirty three cases of diffuse pleural mesothelioma (11 females), all but one with
probable exposure to crocidolite.79

The incidence of mesothelioma has been increasing over the past few decades in the
United States (US) and the United Kingdom (UK).80,81 The pattern of mesothelioma
mortality follows the pattern of asbestos use in several countries. Mesothelioma
incidence in the US has levelled off at about 2,000 cases a year but it is predicted that
cases will continue to occur until about 2055.82 On the other hand, UK mesothelioma
deaths will increase for the next 15 to 25 years, with mesothelioma accounting for
around 1% of deaths in the worst affected birth cohorts – men born in the 1940s.81
Similarly in France the expected peak will be between 1,140 and 1,300 deaths per
annum between 2030 and 204083, in the Netherlands 12,800 – 15,000 deaths in men
between 2000-2028.84 In Western Europe as a whole projections for 1995-2029 suggest
that the number of men dying from mesothelioma will double over the next 20 years,
and then decline with a total of a quarter of a million deaths in the next 35 years.85 The
incidence of asbestos-related disease is anticipated to increase for many more years in
the developing world (China, Pakistan, Bangladesh, India, East Timor, South Africa,
Brazil) where asbestos production and use continues with economic development.
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The first reported case of mesothelioma in Australia was a worker from Wittenoom in
1962.19 In Western Australia, the mesothelioma age specific incidence rates for males
(96.2 per million in 1997) have been higher than in any other state of Australia or any
other country reporting internationally. The comparable rate for females in WA in 1997
was 9.4 per million.19

Mesothelioma has been the most common compensable

dust-related disease causing death in Australia86 and has been increasing in incidence.19
The number of cases in total is expected to reach about 18,000 by 2020 which is very
high given our smaller population.87

Risk summaries for mesothelioma at various exposure levels have been reported by
Hodgson and Darnton.88 For a cumulative exposure to crocidolite between 10 and 100
f/ml-years the risk for mesothelioma is about 400 deaths per 100,000. At an exposure
level of 0.1 f/ml-years the best estimate for mesothelioma deaths was about 100 with a
range of 25-350 per 100,000 exposed. At the higher exposure levels reported in
occupational cohorts rather than environmentally exposed cohorts, the exposure specific
risk of mesothelioma from the three commercial types of asbestos is 1:100:500 for
chrysotile, amosite, and crocidolite respectively.88

2.7.1.

Malignant mesothelioma in women

The standardised incidence rate of malignant mesothelioma in 1998 was 1.2 per 100,000
Australian women over the age of 20 years.89 This compares with standardised rates
reported across European countries in 1993-1997; Scotland 1.28 per 100,000 women
aged 40-74 years, England 1.11 per 100,000 or Sweden 0.52 per 100,000. Rates were
higher in specific industrialised regions of Europe where asbestos exposure was known
to have been higher in the population: 1.79 per 100,000 in Trieste, 3.06 per 100,000 in
Genoa and 1.12 per 100,000 in Amsterdam.90 Among WA women the age standardised
rate in 2005 (to the 1960 world population) was 0.9 per 100,000.91 These rates were
substantially lower than those of men during the same period, but like men there was
evidence that the rates were increasing with time, reflecting the earlier high asbestos
consumption.85
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Pathologically, malignant mesothelioma is similar in women and men.92,93 Poor survival
has been reported among women and men, although a significantly longer survival
(median 10.4 months) was reported in women than men (median 8.5 months) p<0.001
in New South Wales.94
2.7.2.

Peritoneal mesothelioma in women

Peritoneal mesothelioma is the second most common form of mesothelioma after
pleural mesothelioma. Peritoneal mesothelioma is also associated with asbestos
exposure although reported attributable risks range from 23-33% for women.95 The
incidence rate for women in industrialised countries ranges between 0.2 and 2 per
million and is marginally lower than in men (0.5-3 per million).96 The ratio of pleural
mesotheliomas among men and women is 5:1 compared with 1.5:1 for peritoneal
mesotheliomas.41 This suggests that women who are exposed to asbestos may be more
likely to develop peritoneal rather than pleural mesothelioma, or that other cancers
arising in the peritoneal cavity have been misclassified as peritoneal mesothelioma.95

Peritoneal mesothelioma tends to occur more frequently among asbestos factory
workers than among asbestos miners.97,98 Cases of peritoneal mesothelioma in the
Wittenoom cohorts were associated with higher cumulative asbestos exposure than
cases of pleural mesothelioma.99 This finding has also been reported among workers
using asbestos in manufacturing and insulation.44 Similarly lung asbestos fibre counts
were higher in cases of peritoneal mesothelioma.100 Together these findings suggest that
peritoneal mesothelioma tends to develop after heavier exposure to asbestos than pleural
mesothelioma.99

Adenocarcinomas of the ovary, particularly serous papillary carcinoma of the ovary and
peritoneum have been difficult to differentiate from peritoneal mesothelioma in the
past.101 Morphologically, serous papillary carcinoma resembles the epithelial sub-type
of mesothelioma.102 The mesothelial marker, calretinin, has been shown to discriminate
well between serous papillary carcinoma of the ovary and peritoneal mesothelioma,
with 88% sensitivity and 100% specificity.102

The apparent decline in peritoneal

mesothelioma incidence observed among Swedish women from 1999 onwards has been
attributed to the use of calretinin and other immunohistochemical markers introduced
into diagnostic practice around that time. Prior to 1999, the incidence was slightly
higher in Swedish women compared with Swedish men, resulting largely from
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misclassification of other peritoneal cavity cancers as peritoneal mesothelioma. From
1999 onwards, incidence in Swedish males was 3.3 times higher than in Swedish
females.95

Other very rare forms of peritoneal mesothelioma, including benign multicystic
peritoneal mesothelioma103,104 and well-differentiated papillary mesothelioma105,106 have
been observed in women. Benign multicystic peritoneal mesothelioma is a tumour
occurring most frequently in women of reproductive age. Well-differentiated papillary
mesothelioma is a rare subtype of epithelial mesothelioma, which has a low potential for
malignancy and most commonly occurs in young women. Neither of these variants are
known to be associated with asbestos exposure.
2.8.

Lung cancer

The association between lung cancer and exposure to asbestos was confirmed in 1955 in
a cohort study of textile workers107, and since then many studies examining asbestos
workers from all types of industry have reported excess risks from lung cancer.108
Mortality from lung cancer has been shown to increase significantly with increasing
duration of employment and increasing intensity of exposure.25

The mechanisms through which exposure to asbestos causes lung cancer are unclear
(see Section 2.6.2). All four major histological types of lung cancer, adenomatous,
squamous, undifferentiated large-cell and small-cell carcinoma are related to asbestos
exposure and clinical signs and symptoms do not differ from lung cancers from other
causes.109-111 A two-fold increased risk of lung cancer has been estimated to occur at a
cumulative exposure of 25 f/ml-years and incidence of lung cancers usually appear ten
or more years after first exposure to asbestos109 although no such lag period was
observed among Wittenoom workers.25

Also, a cumulative exposure of 25 f/ml-years is associated with a doubling of lung
cancer risk in smokers and non smokers.112 Lung cancer risk at a cumulative exposure
to crocidolite of 10 f/ml-years was estimated to be 150 deaths per 100,000 increasing to
350 deaths at 100 f/ml-years.88 At the higher exposure levels the risk of lung cancer
from chrysotile asbestos was between 1/10th and 1/50th the risk from amosite and
crocidolite.88
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Three studies have suggested that asbestosis is a necessary precursor to lung cancer113115

, but these studies have been criticised for their methods108 ,116 and their findings have

not been replicated elsewhere. Several studies have reported measures of asbestos
exposure being independently associated with lung cancer.117-119 McDonald found that
the present evidence suggested that a direct link between asbestos exposure and lung
cancer exists.108 The presence of asbestosis is, however, associated with an increased
risk of lung cancer which may be due to some action of the fibrosis itself.120
2.8.1.

Lung cancer in women

In WA women, lung cancer was the fourth most common incident cancer and the most
common cause of cancer related death in 2005, with a mortality rate of 14.9 per
100,000.91 In many western countries, the incidence of lung cancer in women has been
increasing and it is now also the leading cause of cancer death in women in the United
States.121 This rise in lung cancer mortality among women has occurred whilst mortality
among men has been decreasing. Most of it can probably be explained by past smoking
patterns with the largest numbers of women smoking in the 1970s.121

There has been some suggestion that women may be more susceptible to lung cancer as
a result of cigarette smoking. This is discussed here as it may be relevant to asbestos
exposure also. Several case-control or descriptive studies have reported that women
have a greater risk of lung cancer associated with duration and amount of tobacco
smoking than men of the same age who smoked the same amount.122-124 Also, the
incidence of adenocarcinomas of the lung have increased, particularly among women
and women have been found to be overrepresented among younger patients.125 An
explanation proposed is that women may be more susceptible to tobacco carcinogens
than men.126 Biologically plausible reasons to support this hypothesis have been
suggested. An interaction with female reproductive hormones which affects the
oestrogen and progesterone receptors located in lung tumour tissue cells, or nicotine
clearance from plasma has been observed to occur faster in men than women.122,126

However, several large cohort studies have failed to detect any difference in lung cancer
risk among women and men after adjusting for smoking history and age. Among 955
female and 311 male primary lung cancers identified in the Nurses Health Study and the
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Health Professionals Follow-up Study, a hazard ratio of 1.11 (95%CI 0.95-1.31) was
reported in women ever smokers compared with men.127 The American Cancer
Society‟s Cancer Prevention Study II following more than one million adults, with
almost 3,000 lung cancers, reported a 40 percent lower mortality rate among females
than males.126 Four other cohort studies reviewed by Bain et al failed to report an excess
rate among women.127 The differences found among the case-control and the cohort
studies may be an effect of recall bias in the case-control studies. Assessing exposure
after the disease has developed can be biased by a tendency to over estimate the
exposure, particularly if surviving relatives of cases are interviewed. Also, the relative
risk may be overestimated if the incidence of lung cancer in non smoking women is
lower than among non smoking men.126

Women have been found to have an improved response to treatment therapies and better
survival from lung cancer than men, regardless of disease stage or histology.121,125,128,129
2.9.

Asbestosis

Asbestosis was defined by the Advisory Committee on Asbestos (1979) as “fibrosis of
the lungs caused by asbestos dusts which may or may not be associated with fibrosis of
the parietal (outer) or pulmonary (inner) layer of the pleura”.130 Patients with well
established asbestosis usually present with symptoms of shortness of breath and a dry
cough.62 It is not necessarily a fatal disease, but is progressive.130

The first case of asbestosis in the medical literature was described in London in 1906 in
a 33 year old man who had worked in an asbestos textile factory for 14 years. Animal
studies conducted at around the same time reported fibrosis in experimental animals
after inhalation of asbestos containing dust.131 From these early cases and the animal
studies it was recognised that dust suppression measures could protect workers from this
disease. In 1918 the Bulletin of the US Labor Statistics reported that American and
Canadian Insurance Companies would not insure asbestos workers because of the
unhealthy conditions in the Industry.

In 1928 the Journal of the American Medical

Association published an editorial on asbestosis.131 Over the next few decades numerous
cases of asbestosis were described in the literature, occurring among all types of
asbestos workers, from miners and millers to end-product users when a maintenance
worker of asbestos containing insulation products developed the disease in 1932.
37

The diagnosis of asbestosis is made from the physical signs, (late inspiratory crackles on
auscultation of the chest, finger clubbing) pulmonary function tests with a restrictive
ventilatory abnormality and reduced gas transfer, x-ray findings consistent with diffuse
interstitial lung disease and a history of substantial exposure to asbestos and/or the
presence of pleural plaques.

The plain chest radiographic diagnosis of asbestosis

follows the International Labour Organisation (ILO) classifications of small irregular
opacities of grade ≥1/0.132 Computed Tomography (CT) is much more sensitive and
specific for diagnosis especially if high resolution images are performed in the prone
position.133,134

Asbestosis generally develops sooner and after heavier exposure than is usually seen
with malignant mesothelioma,135 although the minimum amount of exposure needed to
cause asbestosis is unclear. Suggested levels have included 200 fibre/ml-years136, less
than 100 fibre/ml-years (which is a working lifetime of 2 fibres per ml per year)130 or
50 fibre/ml-years.137 Among former Wittenoom male miners and millers with a median
exposure of 37 months, radiographic asbestosis appeared between one and 34 years
after first exposure.138

Tobacco smoking has been found to have no measureable effect on asbestosis incidence
among the former Wittenoom miners and millers139, although smokers are more likely
to have low profusion changes on plain chest x-ray.

2.9.1.

Asbestosis in women

Asbestosis has occurred more frequently in men than women, largely because more men
have been exposed to greater amounts of asbestos in their occupations. The global
burden of asbestosis in the year 2000, caused by occupational exposure, was estimated
at 7000 deaths and 380,000 Disability Adjusted Life Years (a weighted estimate of the
number of years lived with a disability).140 No information was provided for asbestosis
caused by environmental exposure. In the United States, deaths from asbestosis have
increased from 100 deaths per year in 1972 to 405 deaths in males and females in
1997.141 Between 1990 and 1999 there were 396 deaths from asbestosis among women
in the United States, giving a crude mortality rate of 0.42 per million women aged 15
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years and over.142 In the United Kingdom, there were 225 estimated newly diagnosed
cases of pneumoconiosis (including asbestosis, silicosis and coal workers‟
pneumoconiosis) in 1998.143 This estimate was not presented separately for women and
men. In Australia, mortality from asbestosis increased from 31% of pneumoconiosis
deaths in 1979-1981 to 78% in 2002.144 In that time there were 20 deaths among
women, with a further six occurring to 2005.145

2.10.

Reproductive cancers

An examination of cancer of the ovary, breast, cervix and uterus has been included in
this thesis because cohort studies examining mortality in women after asbestos exposure
have suggested an excess of these cancers, particularly cancer of the ovary and cervix
(See Table 3.1). Gestational trophoblastic diseases (choriocarcinoma and hydatidiform
moles) have been included because unexpected cases of choriocarcinoma and
hydatidiform moles were observed among the Wittenoom women.

Early animal experiments suggested that asbestos fibres may cause abnormalities to
occur in ovarian tissue. Ten grams of tremolite mixed with 400cc of water was injected
intraperitoneally into Swiss mice, Syrian hamsters, guinea pigs and Dutch rabbits. No
abnormalities were observed in the hamsters or mice (after varying time spans). In 2/10
rabbits and 2/16 guinea pigs, abnormalities in the epithelium of the ovaries reminiscent
of lesions seen in early human ovarian cancers were observed.146

Asbestos fibres have been found in the ovaries of women whose household contacts
worked with asbestos and among Norwegian paper and pulp workers.58,59 The
mechanism of transportation of asbestos fibres to the ovary is not clearly understood.
One hypothesis suggests passive transfer of fibres via the vaginal canal58 as the transfer
of pathogens from the lower to the upper genital tract has been shown to occur this
way.147 This route may also explain any association between asbestos exposure and
cancer of the cervix and uterus. To further support this argument, tubal ligation has been
found to reduce the risk of ovarian cancer in several studies148, including a Danish
population based study that followed up 65,000 sterilised women. Compared with the
Danish population, tubally sterilised women have a lower risk of ovarian cancer SIR
0.82 (95%CI 0.6-1.0). There was no effect on cervical cancer in this study.149
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Alternatively, fibres could penetrate to the ovary and other genital organs through the
mesothelium, or via the clearance mechanisms described in section 2.6.1. Whatever
their method of distribution, once the fibres have reached the specific organ, disease
initiation may occur in the same way as for the other asbestos-related diseases discussed
in section 2.6.2.

Asbestos fibres have also been reported in placental, muscle, liver and lung digests of
stillborn babies, suggesting they can pass across the placental barrier.60,150 Again, the
mode of transportation across the placental barrier is not clear, but it has been suggested
that transfer may occur through the maternal circulation, rather than via the maternal
genital tract following premature rupture of the membranes. The number of fibres in the
stillborn placenta and the stillborn foetal tissues were comparable, suggesting that the
fibres may have been distributed via blood vasculature. Also, the placental and liver
digests contained more fibres than either the lung or muscle digests.60 Transplacental
transfer of asbestos has also been observed in mice following injection with an asbestos
suspension, and also in mice pups following oral feeding of an asbestos suspension to
their pregnant mothers.150,151

Literature examining asbestos exposure and breast or uterine cancer was not found in
my search using those terms in medline.

2.10.1. Ovarian Cancer
The mortality rate of ovarian cancer, particularly among women aged 65 years and
older, increased in the United Kingdom from 300 deaths per 1,000,000 in the 1950s to
450 per 1,000,000 in the 1970s.152

Most ovarian cancers develop from the surface epithelium of the ovary.153 Ovarian
cancer is more common among women in Scandinavia and Eastern Europe, the USA
and Canada, industrialised countries where women tend to have fewer children, and is
lower in Asia and Africa.153,154 In WA in 2005 it was the 8th most common cancer and
the 6th most common cause of cancer death in women at 3.8 per 100,000.91 The risk
increases with age, most cases occurring in peri and post menopausal women.155
Family history is an important risk factor with the risk being four-fold in women with
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an affected first degree relative.153 The risk is decreased with increasing parity, oral
contraceptive use and tubal ligation.154 Ovarian cancer tends to have poor survival as
prognosis is closely related to stage at presentation and most cases present at a late
stage.154 The five year survival rate is 20%.153

2.10.2. Cervical and Uterine Cancer
Eighty five percent of epithelial cervical cancers are squamous cell carcinomas. Most
develop at the junction of the columnar epithelium of the endocervix and the squamous
epithelium of the ectocervix.153 Worldwide, cervical cancer is the second most common
cancer in women after breast cancer, although in countries with widespread cervical
cancer screening, the incidence and mortality have markedly reduced in recent
decades.156 In WA the incidence rate was 6.0 per 100,000 whilst the mortality rate was
1.5 per 100,000 women in 2005.91 In many developing countries it is the most common
cause of cancer in women. The highest incidence rates are in South America, the
Caribbean and sub-saharan Africa.153 Human Papilloma virus is the major cause of
cervical cancer. Survival is dependent on the stage of disease and differs by region.
There is 70 to 85% survival at five years for localised disease reducing to less than 10%
for disseminated disease.153

Cancers of the uterine corpus are largely adenocarcinomas originating from the
endometrium. Uterine cancer occurs mostly in older women, the median age at onset is
60 years.153 Five percent of cases occur in women less than 40 years of age. Globally,
uterine cancer is the 7th most common women‟s cancer with 60% occurring in the
developed world. From the 1970s to the late 1990s rates were stable in Europe, declined
in the United States and increased in Asia, although they were still consistently lower in
Asia.157 In WA, in 2005 uterine cancer was the 6th most common incident cancer (9.7
per 100,000) and the 15th most common cause of cancer death (1.3 per 100,000).91 Risk
factors include nulliparity, infertility and later age at menopause and higher
socioeconomic status.158 Use of combination oestrogen-progesterone oral contraceptives
appear to reduce the risk of disease. There is an association with obesity, hypertension
and diabetes.153 Overall survival is good ranging from 75% to 85% with 90% for
localised disease.153
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2.10.3. Breast cancer
Breast cancer is the most common cancer affecting women and it impacts on women in
both developed and developing countries.153 In 90% of cases, breast cancer develops in
the ductal epithelium, with the remainder developing from lobular epithelium.159 The
incidence of breast cancer has increased over the past decades, particularly in Asia and
Africa areas with previously low incidence. In developed countries this may be an
artefact of widespread screening.160

Mortality appears to be decreasing, probably

because of better screening and treatment.153 Breast cancer incidence increases rapidly
with age during the reproductive years and then continues to increase but at a slower
rate after age 50, the average age of menopause.160 In WA, in 2005 breast cancer was
the most common incident cancer (81.2 per 100,000) and the second most common
cause of cancer death (13.6 per 100,000).91 Risk factors consist of increased exposure
to oestrogen and/or progesterone, and include early menarche and late menopause,
nulliparity or late age at first birth as well as hormonal replacement therapy and obesity.
Inherited mutations in the BRCA1 and BRCA2 genes correlate with a very high risk of
breast cancer in the carrier, but represent only 5% of overall cases.153 Protective factors
include early age of childbearing, breast feeding and physical activity.159 Survival rates
in Europe are 72.5% at five years. Metastatic disease is incurable and once detected
average survival is two years.153 Survival is poorer in younger women.159
2.10.4. Gestational Trophoblastic Diseases
Gestational trophoblastic diseases (GTD) include a spectrum of disorders related to
fertilisation that include partial and complete hydatidiform moles, placental site
trophoblastic tumour, choriocarcinoma and gestational trophoblastic tumour. This
discussion will focus on hydatidiform moles and choriocarcinoma only as they were the
cancers observed in the study.

Differences in the reported incidence rates of these diseases, nationally and
internationally, can be explained to some extent by some studies using hospital based
live births, pregnancies or deliveries as denominators rather than census based
denominators. In addition until recently there was no uniform classification of these
disorders. Advances in technology have improved the characterisation of ambiguous
cases.161 Studies based on cancer registry data have reported a decreasing incidence of
hydatidiform moles and choriocarcinoma in recent years.161
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Molar pregnancies are determined as complete or partial based on morphology,
histochemistry and karyotype.162 Complete moles usually arise from the fertilisation of
an empty ovum by a haploid sperm that then replicates its chromosomes. Therefore all
the chromosomes of a complete mole are paternal in origin. Complete moles are more
commonly diagnosed in the first trimester of pregnancy, following widespread use of
early ultrasound. With early diagnosis, many of the classical signs of complete mole,
including enlarged uterus, hyperemesis, preeclampsia and presence of theca lutein cysts
are seen much less frequently. Partial moles arise from the fertilisation of a normal
ovum by two sperm.162 Patients with partial moles usually present with the signs and
symptoms of missed or incomplete abortion.162 Gross or histologic evidence of foetal
development such as amnion or red blood cells are usually a pathologic observation.163
The incidence of hydatidiform moles varies geographically with Indonesia reported to
have the highest rates at one in 57 deliveries. In general the rate appears higher in Asian
and particularly south east Asian women. Population-based studies among Asian
populations suggest that the incidence is declining.161 In 2004-05 in Australia, there
were 164 hospital separations with classical hydatidiform mole as the principal
diagnosis, 252 with incomplete and partial hydatidiform mole and 146 with
hydatidiform mole unspecified.164

Risk factors for hydatidiform moles remain unclear. With increasing maternal age the
risk remains at unity until age 39, and then increases rapidly.165 There is some evidence
that exposure to herbicides and cigarette smoke may increase the risk of hydatidiform
moles.161 Both complete and partial moles are increased among women who are
nulliparous or whom have low parity and who have a personal or family history of
GTD.161 Management of hydatidiform mole patients includes frequent monitoring of
serum human chorionic gonadotrophin (HCG) levels after molar evacuation. Currently
most women can be cured and their reproductive function maintained.163

Choriocarcinoma is an unusual tumour in that it is genetically distinct from its host.165 It
is an invasive cancer of the trophoblastic epithelium of the placenta and arises from
conceptus.166 It is usually diagnosed following a normal delivery, abortion, ectopic
pregnancy or discharge of an hydatidiform mole.165 It is a very rare cancer which makes
epidemiological investigation difficult. In Europe and North America one in 30,000 to
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40,000 pregnancies and one in 40 molar pregnancies are affected. This increases to one
in every 500 to 3,000 pregnancies in south east Asia.161 In Australia there were 6
choriocarcinoma cases in 2004.167 The risk of choriocarcinoma is 1000 times higher
following a hydatidiform mole than following other types of pregnancy.165

Generally the role of risk factors in choriocarcinoma aetiology is poorly understood.
The risk of choriocarcinoma increases progressively after the age of 25 years (compared
with those aged 20-24 years) and those aged 40 years and over have the greatest risk.
The risk is also greater among those younger than 20 years.165

Genetic and

environmental factors remain poorly understood.161 High occupation-specific incidence
rates (SIR) have been reported for Nurses SIR 7.8 (95%CI 2.1-20.0) and agricultural
workers SIR 11 (95%CI 1.4-40.0) among Finnish women for the period 1971-1995.168
Survival prior to the development of the chemotherapy methotrexate in the late 1950s
was poor with a 90% mortality rate. Since its introduction the cure rate is 80%.153,165

Conclusion
This chapter provides an introduction and background information to the topics that are
covered in this thesis. Chapter Three, following, reviews the epidemiological literature
pertinent to women exposed to asbestos from their occupation, general environment or
household.
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Chapter 3.

LITERATURE REVIEW

This chapter aims to establish the state of knowledge regarding the relevant health
outcomes of women and girls exposed to asbestos and to identify the gaps in our
knowledge. Most of the existing information comes from women who have been
exposed to asbestos in their occupation, yet many more women may have been exposed
in the general environment. Typically, studies of women exposed non-occupationally
have only examined malignant mesothelioma as an outcome, so little is known about
other causes of death or incidence of other cancers in these women. Further, very few
studies have measured general environmental exposures and none have estimates of
individual exposure levels. This presents an epidemiological challenge because general
environmental exposures have generally been low in concentration but long in duration.
In contrast, occupational studies usually have the advantage of better exposure
measurements to provide us with information on the risks associated with higher
exposures, albeit usually of shorter duration. A problem common to both occupational
and environmental studies is the small number of women exposed and the
corresponding small number of outcomes and therefore the reduced ability to consider
exposure-response relationships. These issues are highlighted throughout this review,
leading to the overall conclusion that the role of asbestos exposure among women and
the risk of poor health outcomes requires clarification.

3.1.

Methods

Studies were identified through a systematic review of the literature available on
Medline from 1950 to December 2007. The database was searched using combinations
of the following search terms “women” OR “females” OR “girls” AND “asbestos” OR
„”fibres” OR “dust” OR “crocidolite” OR “chrysotile” OR “amosite” OR “occupational
exposure”

OR

“environmental

exposure”

OR

“household

exposure”

OR

“neighbourhood exposure” OR “residential exposure” OR “locational exposure” OR
“domestic exposure” OR “familial exposure” OR “exposure” with one of the following
outcomes “cancer” OR “mortality”

OR “death” OR “mesothelioma” OR “pleural

mesothelioma” OR “peritoneal mesothelioma” OR “neoplasms” OR “lung cancer” OR
“pleural cancer” OR “peritoneal cancer” OR “ovarian cancer” OR “cervical cancer” OR
“breast cancer” OR “choriocarcinoma” OR “chorioepithelioma” OR “hydatidiform
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mole” OR “gestational trophoblastic disease”.

Any cohort, case-control study or

descriptive study that contained women and asbestos exposure and was published in
English was included. Studies were also identified from references listed in published
papers. Case series, case reports and literature reviews are not discussed because they
do not substantially add to the material presented here.
3.2.

Occupational Exposure

Twenty cohort studies were identified that examined health outcomes among women
who were definitely exposed occupationally to asbestos. Seven of these were studies of
only women in the workplace1-6 and they are listed first in Table 3.1. The rest were
mixed sex cohorts and only the details pertinent to the women workers have been
included in Table 3.1 and are discussed in this chapter.

In fourteen studies women were exposed to asbestos in occupations in factories that
manufactured raw asbestos into asbestos textiles and insulation1, 7-13, or asbestos cement
products14-16, or into gas masks for use during the second world war.2, 5, 17 One study
examined women who spun asbestos in their homes6, another examined women who
worked for an asbestos mining and milling company.18 Three studies assessed workers
who had previously been diagnosed with asbestosis from occupational exposure4, 19, 20,
and one study assessed women listed on a central register for employees exposed to
asbestos.3 Nineteen of the studies were retrospective cohort studies and for most the
period of first employment commenced in the first half of the twentieth century. The
minimum length of follow up was 11 years3 whilst six studies had follow up of fifty or
more years.7, 9, 10, 12, 15, 21

Most of the women were exposed to several types of asbestos, with only nine studies
reporting exposure to a single type of asbestos fibre.2, 5-7, 11, 13, 14, 18 Women were most
often exposed to chrysotile and crocidolite. Three studies did not report the type of
asbestos used in the workplace.8,

9, 19

Sixteen of the studies depicted the asbestos

exposure in the workplace, twelve describing groups of workers with “heavy” or
“severe” exposure1-4, 6, 9-11, 13, 16, 19, 20 Women who worked in asbestos textile factories
where asbestos was carded, spun and woven had high exposure, as well as women who
made gas masks during World War II. Six studies reported declining dust levels over
time.9, 10, 12, 13, 16, 22 Four studies derived quantitative asbestos exposure measurements
(cumulative exposure)7,

12, 18, 19

and two studies described categories of asbestos
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exposure as severe or medium/low1, 2 but none of these six studies related exposure to
all mortality outcomes.
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Table 3.1

Cohort studies of women exposed to asbestos in their workplace

Author, citation, year and cohort
1

N

Type & Period of Follow Up,
Vital Status

Type of asbestos

Newhouse, ML. , 1972
Asbestos textile workers,
East London

928

Mortality 1936-1968
140 dead
576 alive
212 (23%) LTF

Crocidolite
Chrysotile

Berry, G.23, 2000
Updated follow up of East London
asbestos textile workers

700

Cancer Mortality 1946-1980
122 dead

Crocidolite
Chrysotile

Outcome (incidence or mortality)
N SMR (95%CI)
Low/Moderate Exposure OBS EXP (SMR)
All causes
29 18.1 (1.6)#
Lung/pleura cancer
2
0.3 (6.7)#
Other cancer
8
4.4 (1.8)#
“Severe” exposure < 2 years duration
All causes
55 49.9 (1.1)#
Lung/pleura cancer
6
1.0 (6)#
Other cancer
16 12.4 (1.3)#
“Severe” exposure > 2 years duration
All causes
56 24.5 (2.3)#
Lung/pleura cancer
14
0.5 (28)#
Other cancer
17
6.1 (2.8)#
All women
Ovarian cancer
4
Carcinomatosis
6
N SMR (95%CI)
Pleural MM*
14
Peritoneal MM*
11
Lung*
37
Breast cancer
11 1.15 (0.59-2.00)
Uterus/cervix cancer
6 2.22 (0.81-4.83)
Ovarian cancer
9 2.53 (1.16-4.80)

*Not sex disaggregated; LTF – lost to follow up;# 95% CI not given; (SMR) – not presented in paper
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Table 3.1

Cohort studies of women exposed to asbestos in their workplace (continued)

Author, citation, year and cohort
2

Wignall, BK. , 1982
Gas mask workers,
Nottingham

McDonald, JC.21, 2006
Updated follow up of
Nottingham gas mask workers

Rosler, JA.3, 1994
Employees on central register,
Germany

N
1,600 in total
535 in analysis

1,154

616

Type & Period of Follow Up,
Vital Status
Mortality
1951-77
138 dead
354 alive
8 embarked
35 (7%) LTF

Mortality
1940-2002
632 dead
772 traced
382 (33%) LTF

Mortality
1977-1988
64 dead
548 alive
4 LTF

Type of
asbestos

Outcome (incidence or mortality)
N
SMR

(95%CI)

#

Crocidolite

All causes
All cancers
Lung cancer
M Mesothelioma
Ovarian cancer
Circulatory
Asbestosis
Stomach cancer

138
96
64 177#
10 273#
12 7,500#
6 213#
43
63#
1
–
7
65#

Crocidolite

All causes
Mesothelioma
Respiratory cancer
Abdominal cancer
Ovarian cancer
Carcinomatosis

437
1.0 (0.9-1.1)
54 111 (84-147)
32
2.5 (1.7-3.5)
37 1.3 (0.9-1.8)
10
1.8 (0.9-3.3)
14
3.2 (1.5-5.4)

Chrysotile
Crocidolite

All cancers
Lung cancer
Breast cancer
Uterine cancer
Ovarian cancer
Cardiovascular
Pleural Mesothelioma
Peritoneal Mesothelioma

N
32
5
5
3
2
18
9
4

SPMR (95%CI)
1.42 (0.97-2.00)
3.39 (1.10-7.90)
1.00 (0.33-2.38)
1.94 (0.40-5.67)
1.09 (0.13-3.95)
0.72 (0.43-1.14)
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Table 3.1

Cohort studies of women exposed to asbestos in their workplace (continued)

Author, citation, year and cohort
4

Germani, D. , 1999
Women compensated for asbestosis,
Italy

N
631

Type & Period of Follow Up,
Vital Status

Type of
asbestos

Outcome (incidence or mortality)
N
SMR

Mortality
1980-1997
277 dead
350 alive
4 (1%) LTF

Chrysotile
Crocidolite

All causes
All cancers
Peritoneal Mesothelioma
Lung cancer
Pleural Mesothelioma
Breast cancer
Uterine cancer
Ovarian cancer
Asbestosis
Ill-defined conditions
Circulatory

277
155 (139-178)
105
242 (198-293)
12 4,094 (2,116-7,152)
16
483 (276-784)
14 6,404 (3,503-10,749)
9
122 (56-231)
7
256 (103-528)
9
477 (218-906)
38
11
326 (163-583)
77
89 (70-112)

(95%CI)

Acheson, ED.5, 1982
Gas mask workers,
Leyland

757

Mortality
1951- 1980
219 dead
493 alive
18 embarked

Crocidolite

All causes
All cancers
Lung/pleural cancer
Breast cancer
Cervical cancer
Ovarian cancer
Stomach cancer

219
66
15
12
4
12
5

118
123
241
97
128
275
114

(135-397)
(95-156)
(135-397)
(50-169)
(35-329)
(142-481)
(37-267)

Gas mask workers,
Blackburn

570

177 dead
367 alive
5 embarked

Chrysotile

All causes
All cancers
Lung/pleural cancer
Breast cancer
Cervical cancer
Ovarian cancer
Stomach cancer

177
44
7
11
5
5
4

138
109
145
115
211
148
129

(119-160)
(79-146)
(58-298)
(58-207)
(69-492)
(48-344)
(35-331)
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Table 3.1

Cohort studies of women exposed to asbestos in their workplace (continued)

Author, citation, year and cohort
6

N

Type & Period of Follow Up,
Vital Status

Type of
asbestos

Outcome (incidence or mortality)
N
SMR

(95%CI)

Zhang, X. , 2004
Women who manually spun chrysotile
in their homes, China

5,681

Mortality
1960-1997

Chrysotile

All cancers
Lung cancer

144
74

1.16 (0.98-1.36)
4.17 (3.28-5.24)

Magnani, C. 16, 2007
Asbestos cement factory workers, Italy

777

Mortality
1965 – 2003
387 dead
384 alive
5 embarked
1 LTF
Incidence of MM

Chrysotile
Crocidolite

All causes
All cancers
Peritoneum cancer
Rectal cancer
Lung cancer
Pleural cancer
Uterine cancer
Ovarian cancer
Cardiovascular
Asbestosis
Cancer unspecified site

387 149 (135-165)
169 228 (195-265)
16 2,567 (1,467-4,169)
9 319 (146-605)
12 220 (114-385)
39 6,209 (4415-8487)
15 257 (144-424)
9 227 (104-432)
100
92 (75-112)
24 122,147 (78,260-181,744)
4 205 (56-526)

Pira, E.10, 2005
Asbestos textile workers,
Italy

1,077

Cancer mortality
1946-1996
168 dead
Follow up not sex disaggregated
MM checked at MM Registries

Mixed incl.
Crocidolite

All causes
All cancers
Peritoneum cancer
Lung cancer
Pleural cancer
Breast cancer
Ovarian cancer
Asbestosis

168 178.2#
74 204.6#
9 2,886#
14 596#
11 7,891#
7
82#
5 261#
11 -
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Table 3.1

Cohort studies of women exposed to asbestos in their workplace (continued)

Author, citation, year and cohort
Dement, JM7, 1994
& Brown, DP.24, 1994
Textile plant workers,
South Carolina

Hein, MJ. 25, 2007
Updated follow up includes non white
women

Szeszenia-Dabrowska, N.19, 2002
Women diagnosed with asbestosis,
Poland

N
1,229

Type & Period of Follow Up,
Vital Status
Mortality
1940-1990
363 dead
40 missing death certificate
586 alive
280 (23%) LTF

1,244

Mortality
1940-2001
655 dead
54 missing death certificate
344 alive
212 (16.7%) LTF

490

Mortality
1970-1999
121 dead
368 alive
1 LTF

Type of
asbestos
Chrysotile

Not
stated

Outcome (incidence or mortality)
N
SMR (95%CI)
All causes
362
1.21 (1.11-1.32)
All cancers
98
1.09 (0.91-1.29)
Lung cancer
38
2.75 (2.06-3.61)
Digestive cancer
12
0.56 (0.32-0.91)
Pneumoconiosis
17
2.40 (1.53-3.60)
Cerebrovascular
22
0.93 (0.63-1.32)
Heart Disease
106
1.13 (0.95-1.32)
All causes
All cancers
Lung cancer
Asbestosis
Cerebrovascular
Heart disease
Breast cancer
Genital organs cancer

655
1.29
139
1.14
61
2.22
12 1,500
54
1.19
146
1.11
28
0.99
20
1.02

(1.20-1.39)
(0.97-1.32)
(1.70-2.85)
(772-2,611)
(0.90-1.56)
(0.94-1.30)
(0.66-1.43)
(0.62-1.58)

All causes
All cancers
Lung cancer
Pleura1 cancer
Ovarian cancer
Breast cancer
Digestive organs cancer
Circulatory
Ill-defined conditions

121
150 (124-179)
34
159 (110-222)
13
621 (331-1062)
3 7,207 (1,031-14,612)
1
79
3
103 (21-301)
9
118 (54-224)
46
109 (80-1450
1
38
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Table 3.1

Cohort studies of women exposed to asbestos in their workplace (continued)

Author, citation, year and cohort
Elwood, PC14, 1964
Asbestos sheeting and lagging factory
workers, Cardiff

N
269

Type & Period of Follow Up,
Vital Status
Mortality
11 dead
225 alive
32 (12%) LTF

Type of
asbestos
Chrysotile

Outcome (incidence or mortality)
N
SMR
Women excluded from analysis

(95%CI)

Raffn, E.15, 1989
Asbestos cement factory workers,
Denmark

584

Cancer Incidence & Mortality
1928-84
41 dead
530 Alive
7 embarked
6 (1%) LTF

89%
Chrysotile
10% Amosite
1%
Crocidolite

All causes
All cancers
Genital organs cancer
Cervical cancer

Armstrong, BK. 18, 1988
ABA workers, Wittenoom

411

Mortality
1943-1980
23 dead
209 alive
6 emigrated
173 (42%) LTF

Crocidolite

N SMR1 (95%CI) SMR2 (95%CI)
All causes
23 0.85(0.57-1.3) - 1.47(0.98-2.2)
All cancers
10 1.17(0.63-.18) - 1.99(1.07-3.7)
Circulatory
6 0.60(0.27-1.3) - 1.03(0.46-2.3)
Respiratory disease 2 1.72(0.43-6.9) - 2.99(0.75-12.1)
Digestive disease 2 2.17(0.54-8.7) - 3.81(0.95-15.2)
Other causes
3 0.95(0.30-2.9) - 1.64(0.53-5.1)

Knox, JF.26, 1968
Asbestos textile workers, Rochdale,
England

220

Mortality
1916 – 1966

Chrysotile
Crocidolite

Peto, J.27, 1977
Updated follow up of Rochdale

284

Mortality
1933-1974

Chrysotile
Crocidolite

All causes
Lung/pleural cancers

41
32
12
7

0.91
1.04
1.52
1.92

(0.65-1.24)
(0.71-1.47)
(0.87-2.95)
(0.77-3.95)

OBS EXP (SMR)
10 8.15 (1.23)#
2 0.24
(8.3)#

Analysis not sex disaggregated
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Table 3.1

Cohort studies of women exposed to asbestos in their workplace (continued)

Author, citation, year and cohort
asbestos textile workers
Peto, J. 12, 1985
Updated follow up of Rochdale
asbestos textile workers

Mancuso, TF.8, 1967
Asbestos products factory,
United States

N
283

228

Type & Period of Follow Up,
Vital Status

Type of
asbestos

Mortality
1933-1983

Chrysotile
Crocidolite

Mortality
1938-1964
31 dead

Not
stated

Outcome (incidence or mortality)
N
SMR

(95%CI)

All causes
49 0.99#
Lung cancer
4 2.11#
Pleural Mesothelioma
0+
Stomach cancer
2 1.85#
Colon/rectal cancer
4 1.98#
Other cancers
9 0.84#
Asbestosis
1
Circulatory
10 0.90#
+
13 mesotheliomas reported among women employed from
1902 but not included in this study.

All cancers
Lung cancers
Digestive & peritoneum
cancers
Cardiovascular disease
Respiratory disease

N
11
6
3
8
8
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Table 3.1

Cohort studies of women exposed to asbestos in their workplace (continued)

Author, citation, year and cohort
9

N

Type & Period of Follow Up,
Vital Status

Type of
asbestos

Outcome (incidence or mortality)
N
SMR

(95%CI)

Wilczynska, U. , 2005
Asbestos products factory, Poland

1,470

Mortality
1945-1999
435 dead
947 alive
88 (6%) LTF

Not
stated

All causes
435 143 (130-157)
All cancers
135 159 (133-188)
Lung cancer
13 209 (111-357)
Pleural mesothelioma
3 2,267 (468-6,625)
Laryngeal cancer
1 320
Stomach cancer
4
51 (14-131)
Colon cancer
5 159 (52-371)
Rectum & Anal cancer
7 191 (77-394)
Breast cancer
18 170 (101-269)
Cervix Uteri cancer
12 204 (105-356)
Ovarian cancer
8 176 (76-347)
Ovarian cancer
6 376 (138-818) among
women who worked in asbestos yarn and cloth production areas

Karjalainen, A.28 , 1999
Finnish women with asbestosis or
benign pleural disease

357
178 asbestosis
179 pleural
disease

Cancer Incidence
Date of notification of asbestosis
or 1/1/1967 – 31/12/1995
18 Cancers

40% of
asbestos used
in Finland
was
anthophyllite

All cancers
Lung cancer
Pleural Mesothelioma
Stomach cancer
Colon cancer
Larynx, Breast, Corpus uteri

18
2.8 (1.7-4.4)
6 19.8 (7.3-43.1)
1 95.7 (2.4-533)
1
2.2 (0.1-12.1)
2
4.6 (0.6-16.5)
0
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Table 3.1

Cohort studies of women exposed to asbestos in their workplace (continued)

Author, citation, year and cohort
11

Mamo, C. , 2004
Asbestos textile factory workers, Turin
Italy

Pang, ZC.13, 1997
Asbestos textile factory workers,
Qingdao, China

N
645

370

Type & Period of Follow Up,
Vital Status

Type of
asbestos

Outcome (incidence or mortality)
N
SMR

Mortality
1981-1995

Chrysotile

All causes
All cancers
Stomach cancer
Colon cancer
Lung cancer
Pleural Mesothelioma
Breast cancer
Ovarian cancer
Uterine cancer
Heart disease
Cerebrovascular disease
Asbestosis

84
265
36
261
2
218
2
169
7
523
10 13,248
3
92
1
128
0
4
164
5
173
5 3,124

All cancers
Lung cancer
Stomach cancer

10
3
0

Cancer mortality
1972-1994
LTF - unknown

Chrysotile

(95%CI)
(211-328)
(183-362)
(25-788)
(19-611)
(210-1,079)
(6,342-24,365)
(19-271)
(2-712)
(44-420)
(56-404)
(1,007- 7,291)

1.34#
6.8#

*Not sex disaggregated; LTF – lost to follow up; SPMR Standardised Proportionate Mortality Ratio; # 95% CI not given; (SMR) – not presented in paper
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3.2.2.

Mesothelioma in women occupationally exposed to asbestos

Mesothelioma is the most severe outcome of asbestos exposure. However, prior to
Revision 10 of the International Classification of Diseases in 1994, malignant
mesothelioma did not have its own specific diagnostic code.29 Cancer of the pleura or
retroperitoneum and peritoneum (ICD9 163 and 158) was used to define pleural and
peritoneal mesothelioma. As a result, the earlier studies often reported mortality from
cancer of the lung and pleura together.1, 5, 26 One study did not report any mesothelioma
results for women and so was excluded from this discussion.14

Twelve of the 19 occupationally exposed cohort studies reported excess mortality or a
large number of deaths from cancer of the pleura, cancer of the pleura and lung or
pleural mesothelioma.1-5, 9-11, 16, 19, 20, 26 One study reported incidence of mesothelioma.20
Several cohorts report absolute numbers of cases rather than SMRs as SMRs tend to be
very large for this disease due to very small expected numbers. The number of pleural
mesotheliomas ranged from one among 357 Finnish women diagnosed with asbestosis20
to 47 among 1,154 Nottingham gas mask workers.17

Of those studies that reported

SMRs or SIRs, these ranged from 95.1 (95%CI 2.4-533) among Finnish women with
asbestosis20 to 13,248 (95%CI 6,342-24,365) among asbestos textile workers in Turin,
Italy.11 Only one death from pleural mesothelioma had occurred among former female
Wittenoom workers followed up to 1980.18 An issue for several of the cohorts is the
lack of confirmed mesotheliomas through histology or cytology so there is some
possibility of disease misclassification.4, 5, 9-11, 19

Since peritoneal mesothelioma develops predominantly after very heavy exposure to
asbestos,30 six studies report mortality from peritoneal cancer or peritoneal
mesothelioma, suggesting that these workplaces were probably heavily polluted with
asbestos.3,

4, 10, 16, 17, 23

The number of cases ranged from nine to 18 and SMRs from

2,567 (95%CI 1,467-4,169) to 4,094 (95%CI 2,116-7,152). Six studies did not report
any deaths from malignant mesothelioma.5, 6, 8, 13, 15, 24 Chrysotile was the predominant
type of asbestos in five of these5-7,

13, 15

and one did not state the type of asbestos

exposure but had few women exposed (n=228).8 The evidence suggests that there is a
clear relationship between occupational asbestos exposure and pleural mesothelioma
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among women exposed to amphibole asbestos. Women who worked in high exposure
areas also appear to have a greater risk of peritoneal mesothelioma. The evidence is
inconclusive about the relationship between occupational exposure to chrysotile
asbestos and mesothelioma in women.

The majority of studies did not examine exposure-response relationships, in the main
because the numbers of cases were too small to allow such comparison. Of those seven
studies that did, exposure has been classified in terms of either job type or duration.
Among East London factory workers the mesothelioma mortality rate was greatest in
those women with “severe” exposure greater than two years duration.23 “Severe”
exposure was defined as working in the textile departments or in pipe making, making
filters for gas masks or in the yarn store.1 Similarly, risk of mesothelioma was greater
among Nottingham gas mask workers employed for three or more years.17 Poisson
regression models relating duration of exposure, latency and time since last exposure
were not reported separately for each sex among Italian asbestos cement workers.
However, an inconsistent trend was observed by categories of duration and latency for
both pleural and peritoneal mesothelioma overall. For peritoneal mesothelioma the risk
was marginally greater among those employed for 20-29 years, and greatest among
those with more than 50 years since first exposure. For pleural mesothelioma the risk
was greatest among those employed for 30 or more years and among those with a
latency period of 30-39 years.16 Among Polish factory workers there was no difference
for mesothelioma risk among those employed for less than five years or five years or
more, although numbers were very small (n=3 in total).9 Finally no association was
found between duration of exposure, concentration of exposure or cumulative exposure
and pleural mesothelioma among another group of Polish women, those who had been
diagnosed with asbestosis.19

However, the number of cases was too small for adequate

comparison (n=3).

In summary, eleven studies reported mortality from mesothelioma and one reported
incidence. Of those that reported SMRs or SIRS (rather than the number of observed
cases), the risk of mesothelioma was in the magnitude of 2.4 to 130 times greater than
their reference populations. Six studies did not report any cases of mesothelioma. The
latter largely consist of cohorts exposed to chrysotile asbestos. Six studies reported
mortality from peritoneal mesothelioma, suggesting heavy asbestos exposure. Few
studies were able to examine exposure-response relationships. Trends were often
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inconsistent because of small numbers of cases. Therefore the role of occupational
exposure among women and the risk of mesothelioma requires further clarification.
Because of the issue of the rareness of mesothelioma, this work needs to be undertaken
in a population where there were adequate numbers of females exposed to asbestos and
that has estimated measures of asbestos exposure.

Wittenoom provides such an

opportunity.
3.2.3.

Lung cancer in women exposed occupationally to asbestos

Cancer of the lung was not examined separately from cancer of the pleura in two of the
occupational cohort studies1,5, and lung cancer was not reported separately for women
in two others8, 14, none of which are discussed further in this section.

Thirteen studies reported excess mortality and one reported excess incidence from lung
cancer compared with their reference populations. All 13 studies reported high asbestos
exposure in the workplace, excepting workers in an asbestos textile plant in South
Carolina.7

SMRs or SIRs ranged from 198 (95%CI 730-431) to 621 (95%CI 331-

1062).2-4, 6, 9-13, 16, 19, 20, 23, 25 One cohort was exposed to crocidolite only2, seven to mixed
fibres3, 4, 10, 12, 16, 20, 23, four to chrysotile only6, 11, 13, 24and two did not state the type of
asbestos exposure.9, 19 Two studies did not report excess lung cancer mortality, both of
which reported few overall deaths in women.15, 18 One of these had high loss to follow
up18 and in the other the workers were largely exposed to chrysotile asbestos and it was
unclear if the women worked in exposed occupations. 15

Exposure-response relationships and lung cancer mortality were examined in six
studies, and reported results were inconsistent.2,

9, 16, 19, 23, 24

The risk of lung cancer

increased with severity, duration or cumulative exposure among East London factory
workers, South Carolina textile workers and Italian factory workers.7,

16, 23, 25

No

increased risk with duration of exposure was found in Nottingham gas mask workers or
Polish asbestos workers, although there were few cases in both studies (10 and 13
respectively). Five of the Nottingham cases worked for less than one year.2, 9 Further
follow up of the Nottingham cohort did not examine lung cancer mortality and duration
of exposure.17 Similarly, univariate modelling of lung cancer mortality and duration of
exposure, concentration of exposure and cumulative exposure was not associated with
an increased risk among Polish women diagnosed with asbestosis.19 The inconsistency
reported here may be associated with small numbers of cases. The three studies that
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reported an association had more cases of lung cancer than the three studies that found
no association, Table 3.1. Four of the studies collected data on tobacco smoking, but
none allowed for it in their analysis.1, 3, 9, 24

In summary, there were few cases of lung cancer among women occupationally exposed
to asbestos, although fourteen of the studies reported excess mortality from this cause,
with at least a twofold higher risk than their reference populations.

Six studies

examined exposure-response relationships. The results were not consistent among the
cohorts, possibly because of small numbers. Three studies reported an increased risk of
lung cancer mortality with cumulative exposure and categories of duration of exposure
and severity of exposure, whilst three did not.

The role of occupational asbestos

exposure and lung cancer requires further explanation.
3.2.4.

Asbestosis in women occupationally exposed to asbestos

Nine of the 20 occupational cohort studies examined mortality or incidence20 from
asbestosis, Table 3.1.2, 4, 7, 10-12, 16, 19, 20

Also included in this discussion of asbestosis

are three observational studies that are not listed in Table 3.1. These are not cohort
studies but they have examined women with asbestosis caused by occupational
exposure in the crocidolite mines of South Africa31, 32 and among women who worked
in Shipyards in California as welders or insulators during World War II33 and so warrant
further attention here. The women shipbuilders are a subset of a larger study of
shipbuilders and their household contacts and are further described in Table 3.4.34

Three of the cohort studies reviewed here comprised women who had been diagnosed
with asbestosis,4, 19, 20 one of which reported 38 deaths from asbestosis.4 Death from
asbestosis was reported in six other studies.2, 7, 10-12, 16 SMRs were not reported in three.2,
10, 12

Of the remaining three, two assessed asbestosis only11, 16, the other pneumoconiosis

and other respiratory diseases,( International Classification of Diseases (ICD) Revision
9, codes 470-478 and 494-519).7 All three studies reported excess mortality compared
with their reference populations and asbestosis mortality increased among the South
Carolina chrysotile asbestos textile workers by category of cumulative exposure.24
Later follow up of this study to 2001 showed excess mortality from asbestosis alone
with an SMR of 1,500 (95%CI 772-2611) and an increasing trend with cumulative
exposure.25 Eleven studies did not examine death from asbestosis.
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Seven hundred and sixty one women who had worked in the asbestos mines in the
Northern Province of South Africa, exposed to amosite and crocidolite mostly as
cobbers (80%), participated in a clinical examination to determine compensable
asbestos-related disease. A clinical diagnosis of asbestosis was made on 741 (97.4%).32
A later study was conducted from May 2000 and included 200 women who attended for
benefit examinations. All of the women had worked with asbestos and 46% had also
been born into households where one or more relatives also worked with asbestos.
Twenty six women (13%) were diagnosed radiographically as having asbestosis. All of
these women lived in rural areas where there were many competing causes of death.
The authors suggest that these were survivors and that therefore the extent of this
disease was underreported.31 The second study examined seventy one female shipyard
workers, from a total population of 632 women workers, who participated in a screening
study conducted among shipyard workers and their families in California. Among 71
female shipyard workers, all employed before 1961 and first exposed 20 or more years
before examination, fifteen had signs of asbestos-related disease, including seven who
had a profusion of small opacities ≥1/0.33 These three studies have examined women
who volunteered to undertake a physical examination. Given this, it is difficult to
comment on the prevalence of asbestosis in these populations as women with symptoms
may have been more likely to attend for a physical examination or to participate in the
study than those without. They are included here to demonstrate that asbestosis has
been diagnosed clinically and radiographically among women who have been heavily
exposed to asbestos in their occupation.

3.2.5.

Reproductive cancers in women occupationally exposed to asbestos

Fourteen of the 20 occupational cohort studies examined mortality and one examined
incidence, from cancer of the ovary, cervix, uterus or breast.1-6, 9-11, 15, 16, 19-21, 23, 25 This
discussion is restricted to those studies, Table 3.1.

None examined gestational

trophoblastic disease as a mortality or incidence outcome.

Excess mortality from cancer of the ovary was reported in eight studies2, 4, 5, 9, 10, 16, 23,
although with later follow up this increase attenuated in one,17 and two did not report
confidence intervals2,10, (Table 3.1). SMRs ranged from 148 (95%CI 48-344) to 477
(95%CI 218-906). The number of cases reported in each study was small, ranging from
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five cases among Blackburn chrysotile gas mask workers5 and Italian textile factory
workers10 to 12 cases among Leyland crocidolite gas mask workers.5 The type of
asbestos exposure was crocidolite only2, 5, chrysotile and crocidolite4,

5, 16, 23

, mixed

fibres including crocidolite10, or not stated.9 Six of these were studies that reported
groups of women with high amounts of exposure in the workplace.2, 4, 9, 10, 16, 23

Peritoneal mesotheliomas were reported in five of the studies that reported excess
mortality from ovarian cancer.4, 10, 16, 17, 23 Three of these studies attempted to confirm
the diagnosis of ovarian cancer pathologically.1, 16, 17 Two reported discrepancies from
the original diagnosis. Among East London factory workers ovarian cancer was
confirmed in two cases with material available. Two cases listed as carcinomatosis were
confirmed as ovarian cancers,1 and one case listed as an ovarian cancer was confirmed
as a peritoneal mesothelioma.23 Among Nottingham crocidolite gas mask workers, out
of six ovarian cancer deaths, two were confirmed as ovarian cancers and one was found
to be a peritoneal mesothelioma. Material was not available on the other three cases.2
Among Italian asbestos cement workers seven out of nine cases were confirmed as
ovarian cancers.16 No study reported cases of peritoneal mesothelioma misclassified as
ovarian cancer. Misclassification of disease is important to the internal validity of these
studies as with so few cases of ovarian cancer misclassification would overestimate any
reported association with asbestos exposure.

Small numbers of cases inhibited the examination of exposure-response relationships
and mortality from ovarian cancer. Nevertheless, four studies examined standardised
mortality ratios by category, duration or latency of exposure, Table 3.1.2, 9, 16, 23 Among
East London factory workers there was a significant overall excess of ovarian cancers,
but when examined by category and duration of exposure the trend was not significant
p=0.18. However, the excess was significant in women who had “severe” exposure for
more than two years.23 Polish factory workers had significant excess mortality among
women who worked in the yarn and cloth making departments.9 A non statistically
significant exposure trend was observed among Italian factory workers by duration of
exposure. The risk was more than two-fold among women with 10 or more years
exposure.16 The Nottingham crocidolite gas mask workers study had too few cases to
demonstrate stable estimates by duration of exposure.2
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Four studies did not report excess mortality from ovarian cancer.3, 11, 15, 19 Three of these
studies examined groups of women who had had high asbestos exposure in their
workplace.3, 11, 19 and one reported four cases of peritoneal mesothelioma, Table 3.1.3
Misclassification is unlikely to be an issue here as all cases of peritoneal mesothelioma
in this study were ascertained by using evidence from histology, autopsy reports, x-rays
and clinical records, although the authors have not discussed the types of stains used.3

Finally, three other studies of women possibly exposed to asbestos (and not included in
Table 3.1) have examined ovarian cancer risk. Among a cohort of Norwegian pulp and
paper workers, and in Finnish women exposed to high levels of asbestos (as determined
by their job title in the 1970 Census and a job exposure matrix), followed up on cancer
incidence records from 1971-1995, a non statistically significant excess risk of ovarian
cancer has been observed, OR 2.02 (95%CI0.72-5.66) and SIR 1.3 (95%CI 0.9-1.8)
respectively.35,36

A case-control study conducted at Johns Hopkins Hospital in

Baltimore showed that women whose relatives were occupationally exposed to fibres,
including asbestos, had a non statistically significant greater risk for ovarian cancer OR
2.8 (95%CI 0.9-8.8).37 Hence, taken together these studies suggest the need for further
clarification of the risk of ovarian cancer from asbestos exposure.

In summary, the evidence tends to suggest that there is an increased risk of ovarian
cancer among women occupationally exposed to asbestos, compared with their
reference population. However, exposure-response relationships have not been
confirmed.

Eleven studies reported mortality from cancer of the cervix or cancer of the uterus. 3-6, 9,
11, 15, 16, 20, 23

corpus.5,

Five of these discriminated cancer of the uterine cervix from the uterus

9, 15, 23

Excess mortality was reported in all of the cohorts that examined

cervical cancer separately, and SMRs ranged from 128 (95%CI 35-329) to 204 (95%CI
105-356). Similarly, the three cohorts that did not differentiate cervix from corpus, also
reported excess mortality with SMRs ranging from 1.94 (95%CI 0.40-5.67) to 257
(95%CI 144-424). Five of the eight studies were high exposure cohorts,3,

4, 9, 16, 23

exposed to crocidolite only, or mixes of chrysotile and crocidolite.
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The number of cases of cervical or uterine cancer was small ranging from four cervical
cancers among Leyland crocidolite gas mask workers to 12 in Polish factory workers
and no uterine cancers among Turin textile workers to three uterine cancers in German
women on an asbestos exposure register to 15 among Italian factory workers in Casale
Monferrato, Table 3.1. Among the three studies that examined exposure-response
relationships and cervical or uterine cancer, no association was found with duration or
category of asbestos exposure for either cancer.9, 16, 23

The evidence tends to support an increased risk of cervical cancer among women
occupationally exposed to asbestos, although exposure-response relationships have not
been demonstrated.

Mortality from breast cancer was reported in ten cohorts.3-5,

9-11, 19, 23, 25

Only among

Polish factory workers was it reported to be in excess, SMR170 (95%CI 101-269). No
difference in mortality from breast cancer was reported between women working in
diverse areas of the factory but other measures of exposure-response were not
examined.9 Among East London factory workers, there was no overall excess from
breast cancer, but the exposure-response relationship for severity and duration of
exposure was significant at the 10% level. There was a non-significant twofold excess
among women with severe exposure of more than two years duration.23 Hence to date,
the evidence is consistent with there being no overall excess of mortality from breast
cancer among women occupationally exposed to asbestos.

In summary, all studies had small numbers of cases of ovarian, cervical, or uterine
cancers. Excess mortality from ovarian cancers was most often reported among cohorts
with high asbestos exposure and high mortality from peritoneal cancer or peritoneal
mesothelioma. Three studies attempted to confirm the diagnosis of ovarian cancer or
peritoneal mesothelioma but not all cases were available for re-examination, and two
reported discrepancies from the original diagnosis. Exposure-response relationships,
where examined, were inconsistent probably because of small numbers. Eight cohorts
reported excess mortality from cervical or uterine cancer but exposure-response
relationships were not shown. Mortality from breast cancer does not appear to be
associated with occupational exposure to asbestos.
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3.2.6.

Mortality in women occupationally exposed to asbestos

Most of the 20 occupational cohort studies reported Standardised Mortality Ratios
(SMR) as a means of determining excess mortality in their cohort, excepting Rosler who
presented Standardised Proportionate Mortality Ratios (SPMR), (the ratio of observed
deaths based on death certificates to expected deaths of the age, sex, calendar year and
cause specific proportionate mortality of the West German population).3 Two of the
earliest cohorts reported the number of observed cases and the number of expected
cases,1,

26

although later follow up reported SMRs.12,

23

Mancuso only reported the

numbers of cases8 and Elwood did not present any results for women and so that study
is not discussed further in this section.14

Ten of the occupational cohort studies1, 4, 5, 7, 9-11, 16, 19, reported a statistically significant
excess all cause mortality among the asbestos exposed women compared with a
reference population. This excess ranged from SMR 1.21 (95%CI 1.11-1.32)7 to SMR
265 (95%CI 211-328)11, and occurred in seven of the studies that reported high asbestos
exposure in the workplace.1, 4, 9-11, 16, 19 Four studies12, 15, 17, 18, as well as an earlier report
from the South Carolina textile workers24 report all cause mortality at unity or below
that of the reference population (not statistically significant). Three of these had greater
than 20% loss to follow up suggesting that the all cause mortality SMR was
underestimated.18, 21, 24 The differences presented in the South Carolina cohort result
from the different methods they used to account for loss to follow up. Brown et al
assumed all those lost to follow up were alive at the end of the follow up period,
therefore very likely to underestimate the SMR whilst Dement et al censored all those
lost to follow up at their date last known to be alive, therefore very likely to
overestimate the SMR,(see Section 3.2.7 for clarification).7,

24

Five studies did not

report all cause mortality.3, 6, 8, 13, 20

Duration of exposure and all cause mortality were examined in four of the studies. 1, 2, 9,
16

Among Italian factory workers, Polish processing plant workers and Nottingham gas

mask workers with “severe” exposure, no consistent trend was seen.2, 9, 16

However a

significantly greater number of observed than expected deaths from all causes were
found among East London factory workers with “severe” exposure of more than two
years duration.1 Overall, the evidence tends to suggest that women who were exposed to
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asbestos occupationally had a risk of the magnitude of 20% to 165% higher for all cause
mortality than their reference population.
Mortality from all cancers
Seven of the ten studies that reported excess mortality from all causes also reported
excess mortality from all cancers.4, 9-11, 16, 19, 23 These were all studies that reported high
asbestos exposure in the workplace. Excess all cancer mortality was also reported
among Nottingham and Leyland gas mask workers exposed to crocidolite, among the
women from Wittenoom, among German women listed on an asbestos registry, among
Chinese women who spun chrysotile in their homes and among Chinese textile factory
workers.2, 3, 5, 6, 13, 18 Excess all-cancer mortality ranged from SMR 1.16 (95%CI 98-136)
to SMR 2.42 (95%CI 198-293). The gas mask workers from Blackburn, who had excess
all cause mortality, and the Danish asbestos cement workers and Carolina chrysotile
workers reported mortality from all cancers at unity or below that of their reference
population.5,

7, 22

However, all cancer mortality SMR1.35 (95%CI 1.13-1.60) was

significantly greater among the South Carolina textile workers when South Carolina
death rates were used instead of US Death Rates.7 These cohorts were exposed to
chrysotile asbestos which is cleared faster than the amphiboles and so may be less
carcinogenic (see Section 2.6.1). Among East London factory workers an increasing
trend for all cancer mortality was demonstrated in women with “severe” exposure by
duration of employment.23 An inconsistent trend by duration of employment was
observed among the Nottingham gas mask workers, but small numbers may have
contributed to the inconsistency.2 Duration of employment at a Polish factory showed
no trend in excess mortality for periods of duration less than or greater than five years.9

Overall, the evidence suggests that women exposed to asbestos occupationally appear to
have a magnitude of risk at least 20% higher for all cancer mortality than their reference
populations. Among five cohorts the magnitude of risk was >100% higher.
Circulatory diseases
Eight of the occupational cohort studies reported mortality from circulatory diseases
that was similar to or up to 35% lower than their reference populations.2-4, 12, 16, 18, 19, 24
Two of these had high loss to follow up which may explain their low mortality from this
cause of death,18,

24

although longer follow up of the South Carolina textile workers

showed a non significant excess of heart and cerebrovascular disease.25 Five of them
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were studies that reported high asbestos exposure in the workplace,2-4, 16, 19 and three
had excess mortality from all cancers and from all causes.4, 16, 19 One study reported a
greater than 50% (non statistically significant) excess of heart and cerebrovascular
disease, but these were based on small numbers, four and five respectively.11 Nine
studies did not examine cardiovascular mortality. The evidence suggests that there is no
association with occupational asbestos exposure and cardiovascular disease mortality.

A possible explanation for the reduced circulatory disease mortality observed in some of
these cohorts is the Healthy Worker Effect38, often seen in occupational cohort studies.
Workers are usually healthier than the general population, in order to qualify for
employment, and this is reflected in low mortality from circulatory disease and all
causes compared with standard populations. Cancer mortality is not usually affected by
the Healthy Worker Effect, because of the longer latency periods.39
Cancers of the larynx, stomach and colon and rectum
Excess mortality from cancers of the larynx, stomach and colon and rectum were
described in twelve of the occupationally exposed cohorts4,
exposed exclusively to crocidolite
11, 16, 19-21

5, 18, 21

5, 9-12, 16, 18-21, 25

, three

and eight reporting high asbestos exposure.4, 9-

Among Italian Eternit factory workers a significant excess of rectal cancer

SMR 319 (95%CI 146-605) was reported and among Italian women compensated for
asbestosis there was significant excess mortality from cancers of the intestine and
rectum SMR 218 (95%CI 109-390) and colon SMR 238 (95%CI 103-470).10, 16 In most
of the other studies the number of cases of each cancer type were few (<10) and
confidence intervals wide. Review of available records on the two deaths from digestive
diseases among female Wittenoom workers confirmed that neither was peritoneal
mesothelioma.18 No study has examined exposure-response relationships. The evidence
is inconclusive about an association between asbestos exposure and mortality from
these cancers. The excess colon cancers reported in some studies may be misdiagnosed
peritoneal mesotheliomas as no pathological validation of diagnosis was undertaken.
Symptoms, signs and ill-defined conditions
Excess mortality from symptoms, signs and ill-defined conditions SMR 326 (95%CI
163-583), cancer of unspecified site SMR 205 (95%CI 56-526) or carcinomatosis SMR
3.2 (95%CI 1..8-5.4) were described in four cohorts, all of which report high asbestos
exposure.1,

4, 16, 21

Given the difficulty of diagnosing mesothelioma, particularly in
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earlier years40, some of the excess unknown or poorly defined causes of death may have
been mesotheliomas.
Summary
Excess mortality from all causes and all cancers were reported in the majority of cohort
studies that examined these causes of death among women exposed to asbestos in their
workplaces. This was of the order of magnitude of 30% to 165% higher for all causes
and >20% for all cancers. Mortality from cardiovascular disease was lower than or at
unity with the reference population in all, except one of the studies that reported it. Four
studies reported excess mortality from symptoms/signs or ill defined conditions, cancer
of unknown site or carcinomatosis. This suggests that some malignant mesotheliomas
may have been missed among the women in these cohorts. Few studies examined
mortality outcomes in relation to measures of asbestos exposure. Where this occurred
trends were often inconsistent.

3.2.7.

Strengths and limitations of occupational cohort studies

Few women who have been subjected to study have worked in asbestos production or
manufacturing and this is reflected in the small numbers of women included in the
occupational cohort studies. The largest cohort contained 5,681 women of whom 144
were reported to have died from cancer.6 The second largest cohort contained 1,470
women, of whom 435 had died including 135 from cancer. Numbers for specific
diseases were even smaller ranging from 18 breast cancers to 3 pleural cancers.9 The
cohort with the longest follow up (62 years) reported 632 dead, 54 malignant
mesotheliomas, 40 respiratory cancers, 49 abdominal cancers, 10 cancers of the ovary
and 20 carcinomatosis.17 Comparing these small numbers with a reference population
produced unstable estimates and wide confidence intervals. Small numbers prevented
the examination of specific causes of disease by characteristics of asbestos exposure.
Less than half the studies examined exposure-response relationships, including duration
of employment and time since first employment.1, 2, 7, 9, 10, 16, 19

Loss to follow up was a significant problem for four studies, all reporting more than
20% loss to follow up1, 2, 7 the highest reporting 42%.18 In an attempt to overcome this
loss, two of the studies stopped accruing person years at risk for those lost to follow up
from the date they were last known to be alive, thus underestimating person years at risk
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and overestimating the SMR. Armstrong et al also assumed that those lost to follow up
were alive at the end of follow up, thus overestimating person years at risk and
underestimating the SMR, and hence presenting minimum and maximum SMR
estimates.7,

18

Newhouse censored those lost to follow up on their last date of

employment whilst McDonald et al presented two sets of results, one for the complete
cohort and one for a subset with more complete follow up. SMRs were slightly larger
among the more complete subset than those for the whole cohort.1, 17 In contrast eight
studies report less than 10% and one reports 12% loss to follow up. Seven studies do
not report on their loss to follow up. High loss to follow up among the women‟s
cohorts may over or underestimate the risk of disease following exposure to asbestos,
depending on the type of censoring method used to account for the loss to follow up.
Cohorts reporting excess mortality and high loss to follow up may report greater
mortality risks with better follow up.

All of the cohort studies examined the cause of death as it was listed on the death
certificate, although one verified mesotheliomas with the local mesothelioma registry10,
one assessed mortality and cancer incidence15 and one mortality and mesothelioma
incidence.16 The accuracy of death certificates have been questioned repeatedly41, 42 and
in particular in relation to asbestos-related diseases.40 Only one study attempted to
validate all the death certificates and requested necropsy reports and histology
specimens, with mixed success. From 140 deaths a necropsy report or histology section
was available for examination in 60. Of these, three lung cancers were re-classified as
pleural mesotheliomas, and two of six deaths from carcinomatosis were re-classified as
ovarian cancer.1 Five other studies confirmed mesotheliomas with histology2, 3, 16, 18, 26
and one also examined histology from three out of six deaths from ovarian cancer.2 In
the studies that have not examined pathology, or confirmed cases of mesothelioma from
a cancer or mesothelioma registry, misclassification of the cause of death is more likely
to have occurred. This may result in an underestimate of mesothelioma. Among women,
mesothelioma may be more likely to be classified as ovarian cancer or colon or stomach
cancer, rather than a rare occupational disease, particularly mesothelioma of the
peritoneum. An examination of cancer incidence, rather than mortality, may have
produced different results.

Confounding has not been addressed well in most studies, predominantly because they
have been retrospective studies of occupational cohorts and limited data on potential
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confounders were available. For example, in studies of cancer outcome the majority of
studies (16 out of 20) did not collect smoking data. Even in those four studies where
smoking data was collected,1, 7, 9 only one collected these data on all participants.3 No
study examined smoking status in relation to mortality outcome, although Wilczynska
modified their lung cancer SMR using Axelson‟s adjustment.43 On the other hand this
is not a problem for studies that examined mesothelioma as their outcome as this is not
associated with tobacco smoking.

No study assessed age at menarche or menopause, history of childbirth, use of oral
contraceptives, or presence of human papilloma virus, all independent risk factors for
reproductive cancers. For the older studies, the risk may not have been known at the
time the study was conducted, e.g human papilloma virus and cervical cancer. While
few studies have collected data on these other independent risk factors, this may be of
little relevance as they are unlikely to be associated with asbestos exposure and
therefore are not likely to confound any association.
Summary
The cohort studies of women exposed to asbestos were well conducted given the
constraints of being performed retrospectively. The main challenge for these studies was
the small number of outcomes. Most studies have maximised their potential to measure
the impact of this exposure by studying occupationally exposed groups, but this
exposure is associated with rare outcomes also. The small numbers in turn, limited the
ability to assess exposure-response relationships, as did the limited measures of
exposure available. While confounding is normally a problem in observational studies,
particularly when the effects of exposure may be subtle it is less of a problem in studies
of mesothelioma given the known strong association between exposure and outcome.
3.3.

General Environmental Exposure

Seven cohort studies were identified that examined health outcomes in cohorts of
women exposed to asbestos in their general environment44-53, although three did not
present follow up details or health outcomes separately by sex.51 One study examined
women only and this is listed first in Table 3.2.44, 45 Table 3.2 contains the study details
and results pertinent to the women only.
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Two of the cohorts comprised women exposed to asbestos in their environment
resulting from crocidolite mining and milling at Wittenoom47-50, or living in Casale
Monferrato, the city containing the largest asbestos cement factory in Italy that used
mostly chrysotile.44,

45

In these studies women were exposed in their general

environment as well as domestically in that asbestos workers brought their dusty clothes
home for laundering. Anderson et al examined women with domestic exposure obtained
from living in the households of workers in a factory in Paterson, United States, which
produced amosite asbestos products.52, 53 The four remaining studies examined women
whose asbestos exposure was from their natural environment; scattered patches of „blue
clay‟ crocidolite found in surface soil in Da-yao in South Western China51 or „white
soil‟ used as a whitewash or plaster for walls in Central Anatolia, Turkey.46 These
cohorts are larger than most of those that investigated women exposed occupationally to
asbestos with sample sizes ranging from 889 to 2,703.

Six of the studies were

retrospective cohort studies, whilst one undertook prospective follow up.46 The length
of follow up ranged from 6 years (Cohort I from Da-yao)51 to 50 years (among the
Wittenoom residents).47-50

Environmental exposure to asbestos can occur at earlier ages than occupational
exposure. In six of the cohorts, asbestos exposure may have first occurred at birth or
during childhood. Only the wives of asbestos workers may not have been first exposed
at such a young age.44, 45, 53

The intensity of asbestos exposure varied over time and with climactic conditions
among the four cohorts with natural asbestos exposure Da-yao51 and Turkey46 and the
Wittenoom residents.47-50 Asbestos fibres were present in the general environment of the
village/town, as well as being used for specific purposes. Asbestos clay or soil was used
to stucco or whitewash houses in China and Turkey whilst tailings from the asbestos
mine were applied to roads and playgrounds etc at Wittenoom. No measures of fibre
concentrations were undertaken in Da-yao, but the authors report gross exposure in the
atmosphere, water supply and soil.51 In Turkey measures of indoor and outdoor fibre
concentrations, taken on dry, sunny days in summer produced low measures of 0.009 to
0.04f/ml for outdoor concentrations and 0.009 to 0.28f/ml for indoor concentrations.46
The ambient level of asbestos fibres around Wittenoom township when the mine was
operating were estimated at 0.5f/ml.18 Measures taken between 1978 and 1979 at
Wittenoom, after the mine had been closed for ten years, ranged from 0.01f/ml to
80

0.21f/ml.49 Only the Wittenoom residents have derived quantitative asbestos exposure
measurements for all cohort members.47, 49, 50 However, these measures are based solely
on length and period of residence at Wittenoom and could not allow for individual
behaviours.

Little information was known about the quantities of asbestos that women were exposed
to domestically.44, 47-50, 52, 53 All three studies, (i.e. the wives of asbestos workers from
Casale Monferrato, the household contacts of asbestos factory workers form Paterson,
United States and the Wittenoom residents), report that laundering/washing facilities
were not available at the factory or mine/mill so that contaminated clothing was brought
home. Women in two of these studies were also exposed to environmental asbestos, the
Italian wives and the Wittenoom residents.

In neither study was it possible to

disentangle the domestic or general environmental exposure. No indoor asbestos
exposure measurements were ever taken at Wittenoom.47
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Table 3.2

Cohort studies of women exposed to asbestos in their general environment.
Type & Period of Follow Up,
Vital Status

Author & Citation

N

Magnani, C. 44, 1993
wives of asbestos cement
factory workers

1,964
(1,740 with exposure)

Mortality
1965-1988
270 dead
1669 alive
25 LTF

1,780

Cancer Mortality &
Incidence of MM*
1965-2003
58 lost or dead before 1965
606 dead
1106 alive
7 embarked
3 LTF

Ferrante, D. 45, 2007
Updated follow up

Asbestos type
Chrysotile
Crocidolite

Outcome (incidence or mortality)
N SMR (95%CI)
All Causes
All cancers
Lung cancer
Pleural cancer
Breast cancer
Uterine cancer
Ovarian cancer
Ill-defined conditions
Cardiovascular

210
64
6
4
10
5
6
7
87

92
87
150
792
65
68
151
356
89

(80-105)
(67-111)
(55-328)
(216-2029)
(31-119)
(22-159)
(55-328)
(143-734)
(72-110)

All cancers
146
1.07 (0.91-1.26)
Digestive & Peritoneum cancer
49
1.03 (0.76-1.36)
Lung cancer
12
1.17 (0.60-2.04)
Pleural cancer
21 18
(11-28)
Peritoneum cancer
3
2.5 (0.52-7.35)
Breast cancer
20
0.69 (0.42-1.06)
Uterine cancer
5
0.46 (0.15-1.07)
Ovarian cancer
11 1.42 (0.71-2.54)
Ill-defined conditions
14 4.86 (2.66-8.16)
Cardiovascular
145 0.95 (0.80-1.12)
Psychiatric disorders
8 3.8 (1.7-7.5)
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Table 3.2

Cohort studies of women exposed to asbestos in their general environment (continued)

Author & Citation

N

Luo, S.51, 2003
Exposed to surface soil
crocidolite,
China

Cohort
I. 5,603
Not sex specific
II. 1,834
III.1,610
Not sex specific

Hansen, J. 47, 49, 50, 1993
female residents, Wittenoom

2,703

Type & Period of Follow Up,
Vital Status

Outcome (incidence or mortality)
Asbestos type

Mortality
I. Birth Cohort
1915-1955, f
followed up to 1983.
139 dead
3 MM
10% LTF
II. Mortality
1987-1995
397 deaths
LTF<1.5%
III. Mortality follow up of subset
from Cohort II.
166 deaths
LTF 0.1%

Crocidolite

MM incidence
1942 - 1993
Follow up not sex disaggregated
460 dead
4199 alive
549 (11.8%) LTF

Crocidolite

Crude death rate per 100,000
Cohort II.
Breast
7.6
Cervix
5.1
Cohort III.
Cervix
Breast

7.3
-

Pleural Mesothelioma

N
18

RR 1.6 (1.1-2.3) per log month
duration of residence*
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Table 3.2

Cohort studies of women exposed to asbestos in their general environment (continued)

Author & Citation

N

Metintas, S.54, 1999
11 „exposed‟ villages in
Anatolia, Turkey

889

Anderson, H. 52, 53, 55, 1976
household contacts of Unarco
asbestos factory
workers, Paterson
United States

1,448
512 Wives
476 Daughters
190 Sisters
165 Mothers
105 Females-other
employed between
1941-45

Type & Period of Follow Up,
Vital Status

Outcome (incidence or mortality)
Asbestos type

MM Incidence
1990-2000
Follow up not sex disaggregated
377 deaths
21 MM deaths
1489 alive
No discussion of LTF

„white soil‟
Tremolite
Chrysotile
Anthophyllite

Retrospective
Mortality
Survey
Prospective component
1941-1980
441 dead
984 alive
23 LTF

Amosite

Pleural Mesothelioma

N
12

AMIR 159.8 per 100,000

N
SMR
All causes
441 1.10#
All cancers
85 0.97#
Respiratory cancer
8 1.25#
Breast cancer
22 1.19#
Genital organs cancer
6 0.43#
Other and Unspecified cancers
49 1.01#
Cardiovascular
248 1.15#
Accidents, Suicide, Violence
10 0.72#
Other
75 1.18#
Pleural Mesothelioma
2
Small opacities ≥1/0 observed in 114 (17%) of 679
household contacts examined , ns

AMIR – Direct standardised average annual mesothelioma incidence rates; *not sex disaggregated; #95% CI not provided
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Eight case-control studies of women exposed to asbestos environmentally were
identified, Table 3.3.56-63 A further study64 used the same cohort as Magnani et al59 but
used different exposure measures. The studies fell into two main groups: those studies
which examined if there was an association between mesothelioma and nonoccupational asbestos exposure. (These are listed first in Table 3.3 and included cases
and controls diagnosed at the London Hospital60 and from New York State57 and a
cancer registry based study of mesothelioma cases and residential proximity to naturally
occurring asbestos63) and studies that assessed which type of exposure, environmental
or domestic, posed the greater risk. For the latter cases and controls were selected from
hospitals in South Africa61, residents in Northern England62, residents of Casale
Monferrato, Italy59, from Italy, Spain and Switzerland,58 and women from two asbestos
mining areas in Quebec, Canada.56 Two of the studies examined mesothelioma only in
women.56, 57 The details presented in Table 3.3 are pertinent to women only.

Cases of mesothelioma were identified from hospitals or hospital pathology units or
death or cancer registers. Most studies chose cases from populations with known
asbestos exposure e.g. from the asbestos mining areas of Quebec, from Casale
Monferrato Italy or from hospitals that treated populations form the South African
asbestos mining areas.56, 61, 64 Two studies examined cases from populations in which
asbestos exposure was not specified, although subjects from Casale Monferrato were
also included in the study by Magnani et al.57, 58

All cases of mesothelioma were histologically or cytologically confirmed in the casecontrol studies. The largest number of cases presented in any one study was 554 cases,
with cases identified from California cancer registries.63 The smallest study presented
10 cases among women aged 50 years or older from the asbestos mining areas of
Quebec.56 Most studies age-matched two female controls with each case, chosen from
other hospital patients, cancer controls, medical controls, or population based controls.
The minimum number of controls was one and maximum 15.56,

57

Cases were also

matched on race, place of residence, age and year of death where appropriate.
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Table 3.3

Case-control studies of women exposed to asbestos in their general environment

Author & Citation

N

Asbestos Type

Outcome Mesothelioma

Newhouse, M. , 1965

42 cases of MM
25 pleural MM
17 Peritoneal MM
3 sets of controls, inpatients in 1964
Mesothelioma cases rejected on pathology
Date of admission and date of birth matched
controls taken from hospital records

Crocidolite
Chrysotile
Amosite

52.6% cases v 11.8% inpatient controls had a history of
occupational or domestic exposure *
30.6% cases v 7.6% inpatient controls lived within half a mile of
asbestos factory *

Vianna, NJ.57, 1978

52 MM cases
aged 20 years + in New York State (excluding
NY City) reported to the Bureau of Vital
Records of the State Health Dept.
One control per case matched on age, race,
county of residence and marital status

Not stated

Cases/Fathers/Husbands occupational history analysed
Mothers/siblings taken but not analysed.
15 cases exposed to asbestos before diagnosis
6 had occupational exposure
10 had domestic exposure
6 lived within 4km of asbestos factories

Magnani, C.59, 2001

42 MM cases
106 age, vital status, date of death matched
controls

Chrysotile
Crocidolite

OR 4.5 (1.8-11.1) lived with asbestos worker*
OR 7.4 (1.9-28.1) offspring of asbestos worker*
OR 20.6 (6.2-68.6) living in city with asbestos cement factory*
Suggest environmental exposure causes greater risk than
domestic exposure

Maule, MM.64, 2007
Used same study as Magnani, C. 2001.

43 MM cases and 106 age, sex, vital status,
area and date of death matched controls

Chrysotile
Crocidolite

OR 10.5 (3.8-50.1) for residents who lived next to factory*
Risk decreased rapidly with increasing distance from the factory

60
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Table 3.3

Case-control studies of women exposed to asbestos in their general environment (continued)

Author & Citation

N

Asbestos Type

Outcome Mesothelioma

Howel, D. , 1997

48 MM cases in four health districts in
Yorkshire, England.,
41 sex, age at death and year of death matched
controls

Not stated

OR 5.8 (1.8-19.2) for domestic exposure – those with
possible/likely occupational exposure excluded*
OR 2.3 (0.54-9.7) for residential exposure – those with
occupational or domestic exposure excluded*

Pan, X-l.63, 2005

554 MM cases
Aged ≥ 30 years
Frequency age/sex matched controls with
pancreatic cancer

Residential
proximity to
naturally
occurring
serpentinite and
ultramific rock
(NAO)

OR 0.95 (0.85-1.06) for increasing distance (10km) from source
of NAO

Rees, D.61, 1999

21 MM cases from all hospitals in six large
South African Centres
One cancer and one medical control per case,
matched on hospital, age and skin colour

Crocidolite
Amosite
Chrysotile

RR 21.9 v 7.1 for environmental exposure in NW Cape
(crocidolite) compared with NE Transvaal (amosite &
crocidolite) – cancer controls*
RR 50.9 v 12.0 – medical controls*

Magnani, C.58, 2000

53 MM cases
32 without occupational exposure
2 age & sex matched
controls per case
Population based controls – Italy &
Switzerland
Hospital based controls - Spain

Not stated

OR 21.9 (4.2-114.1) environmental only v domestic only
exposure*
OR 11.5 (3.5-38.2) for living within 2km of asbestos mine,
asbestos factory, shipyard or brakes factories*

62

87

Table 3.3

Case-control studies of women exposed to asbestos in their general environment (continued)

Author & Citation
56

Case, BW. , 2002

N

Asbestos Type

Outcome Mesothelioma

10 pleural MM cases
aged ≥ 50years
15 age, area matched controls per case

Chrysotile
Tremolite

6 definite or probable cases
1 possible case
All cases came from Thetford Mines (chrysotile and tremolite
bands)
OR 9.0(0.9-87.4) lived with 3 or more asbestos workers

*Not sex disaggregated
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Seven descriptive or ecological studies were identified from the literature search, Table
3.4. Two examined women only65, 66 and these are listed first. Four studies examined
mortality or cancer incidence among asbestos exposed populations, while three
examined women for radiographic signs of asbestos related disease.34,

66, 67

Of these,

only asbestosis will be considered. All details presented in Table 3.4 are for women
only.

Magnani et al conducted a retrospective mortality study and identified all deaths from
lung cancer from official records occurring between 1989 and 1995 among people
living in the town of Casale Monferrato not exposed occupationally or domestically as
the wife of an asbestos worker68. The non-exposed population was estimated as the
difference between the total population of Casale Monferrato and the population
contained within the cohorts of asbestos cement workers and their wives. A second
study by Magnani et al among the same population examined incident cases of
mesothelioma.69 Similarly Berry et al examined mesothelioma incidence occurring
among residents of Manville, the location of the largest asbestos manufacturing plant in
the United States and compared it with incidence in Somerset County and New Jersey.70
Camus et al65 and earlier Siemiatycki et al71 reviewed various causes of death among
women living in the chrysotile mining towns of Asbestos and Thetford Mines, Canada
and compared their mortality rates from various causes with those of women in 60 other
non asbestos mining areas of Quebec. All populations were exposed to chrysotile or a
mixture of chrysotile and crocidolite or tremolite. The number of histologically
confirmed cases of mesothelioma ranged from eight to 18, and deaths from lung cancer
ranged from 34 to 79, Table 3.4. The methods used in these studies compared
standardised incidence or mortality rates in the exposed population with a standard
unexposed population.

89

Among the three studies that examined radiographic signs for asbestosis, two examined
household contacts of asbestos workers, shipyard workers34 and insulation workers.66
The third study examined persons exposed to vermiculite contaminated with actinolite
and tremolite, in Libby Montana. Twenty nine exposure pathways were considered,
including employment with W.R. Grace the company that mined and milled
vermiculite, or other employment contact, or various environmental exposures including
gardening with vermiculite or living with a W.R. Grace worker.67
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Table 3.4

Descriptive studies of women exposed to asbestos in their general environment.

Author & Citation
65

Camus, M. , 1998

Siemiatycki,J. 71, 1983

Sider, L.66, 1987

N

Asbestos Type

Outcome

N

Exposed population
Thetford Mines 29,095 and
Asbestos 14,225
Reference area was 60
reference areas of Quebec
(total population 1,375,370)

Chrysotile

All causes
Circulatory disease
Respiratory disease
Asbestosis
All cancers
Genital cancer
Urinary cancer
Breast cancer
Digestive cancer
Lung cancer
Pleural cancer

2242
1087
104
2
595
64
19
120
205
71
7

Chrysotile
Tremolite

All causes
All cancers
Digestive cancer
Respiratory cancer
Other respiratory disease

1130
289
117
23
30

Not stated

18 (19%) had an abnormal x-ray
No asbestosis reported

Not stated

93 wives of insulation
workers

SMR

(95%CI)

0.91 (0.87-0.95)
0.89 (0.83-0.94)
0.81 (0.66-0.98)
23.5
(2.64-84.83)
0.92 (0.85-1.00)
0.85 (0.65-1.08)
0.84 (0.51-1.32)
0.88 (0.73-1.06)
0.96 (0.83-1.10)
0.99 (0.78-1.25)
7.63 (3.06-15.73)
0.89
0.91
1.06
1.07
0.58

(0.84-0.94)
(0.81-1.02)
(0.88-1.28)
(0.68-1.61)
(0.39-0.83)
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Table 3.4

Descriptive studies of women exposed to asbestos in their general environment (continued)

Author & Citation

N

Asbestos Type

Outcome

Magnani, C. , 1998

43 deaths from lung cancer

Chrysotile
Crocidolite

34 cases not occupationally exposed to asbestos
Lung cancer rate per 100,000
18.7 (12.1-25.3)
No increase in mortality from lung cancer in population
not exposed occupationally

Berry, M.70, 1997

5,613 Manville (exposed)
106, 091 Somerset (lower
exposed)
New Jersey State
(unexposed)

Chrysotile

Magnani, C.69, 1995

42 mesothelioma cases

Chrysotile

Mesothelioma rate per 100,000
2.3 (1.1-3.5)
for women living in local health authority of Casale Monferrato
Mesothelioma rate per 100,000
5.1 (2.4-7.8)
for women resident in the town of Casale Monferrato

Kilburn, KH.34, 1985

485 shipyard workers and
household contacts
71 shipyard workers
271 wives
140 daughters

Not stated

21% of shipyard workers had asbestosis
11% of wives had asbestosis
2% of daughters had asbestosis

Peipins, LA.67, 2003

3,706 residents and workers
from Libby, Montana

Vermiculite
contaminated
with tremolite
and actinolite

9.1% of women had pleural abnormalities
0.4% had asbestosis.

68

Mesothelioma, Manville
Mesothelioma, Somerset

N SIR (95%CI)
8 22.4 (9.7-44.2)
11 2.0 (1.0-3.6)
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3.3.2.

Mesothelioma in women environmentally exposed to asbestos

Malignant mesothelioma mortality or incidence was examined in four cohort studies of
women environmentally exposed to asbestos described in Table 3.2, in eight casecontrol studies described in Table 3.3 and in two descriptive studies described in Table
3.4. The three Chinese cohort studies did not report results separately by sex and are not
discussed further here.51

Excess mortality from cancer of the pleura (n=4) was reported among the Italian wives
of asbestos cement workers with follow up for twenty three years to 1988.44 Of those,
one was confirmed histologically as pleural mesothelioma and two by radiological
examination. No information was available for the fourth case. In follow up to 2003 all
cases were confirmed with histology or cytology and excess incidence of pleural
mesothelioma was observed, SMR 18 (95%CI 11-28).45 Excess mortality from pleural
mesothelioma was also reported among Turkish villagers AMIR (Direct standardised
average annual mesothelioma incidence rates) 159.8 per 100,000.46 Absolute numbers
of incident cases, (18 cases) and deaths, (two deaths) were reported for Wittenoom
residents and the female household contacts of asbestos workers in Paterson, USA,
respectively.47-50,

52

All pleural mesotheliomas reported in these latter cohorts were

confirmed histologically.

Small numbers of cases inhibit the examination of exposure-response relationships, with
only one of the cohorts presenting results by characteristics of asbestos exposure.44, 45
The largest number of cases (n=18) was reported among the Wittenoom female
residents, but exposure-response relationships were not reported separately by sex.47-50
Among Italian wives SIRs for mesothelioma were examined by duration of exposure
and latency. Based on 11 cases, SIRs increased with duration of exposure but not
statistically significantly. More than 30 years latency was associated with a statistically
significant increase in incidence.45

Most case-control studies reported high Odds Ratios (OR) among cases for
mesothelioma and some measure of environmental exposure, compared with their
controls. However, only two studies presented sex disaggregated results.56, 63 The largest
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of these reported a non statistically significant 5% reduction in mesothelioma risk for
every 10km further away from the nearest naturally occurring asbestos source, adjusting
for occupational exposure and sex. The second study was limited to 10 cases, six of
which were histologically confirmed. The Odds Ratios presented were unstable, OR 9.0
(95%CI 0.9-87.4, 4 cases) for living with three or more asbestos workers. Similarly the
studies that reported results for the whole population suffered from unstable Odds
Ratios, resulting from too few cases in each category of exposure assessed.

Two descriptive studies reported an increased risk for mesothelioma among residents
who had no occupational exposure and who lived in the town where an asbestos factory
was located with an SIR of 22.4 (9.7-44.2) in Manville66 and a mesothelioma incidence
rate of 5.1 (2.4-7.8) per 100,000 for women living in Casale Monferrato65, compared
with reference populations that lived further away.69, 70 This association was consistent
with a retrospective mortality survey of women living in the chrysotile mining areas of
Quebec compared with women living in 60 non asbestos-exposed areas of Quebec.65

In summary, malignant mesothelioma following environmental asbestos exposure has
been confirmed in cohort, case-control and descriptive studies. Among the cohorts
exposed environmentally, the magnitude of the excess is less than that reported among
the occupationally exposed cohorts. Similarly, the absolute number of cases is also
lower, although years of follow up are generally similar. Of environmentally exposed
people, studies have been limited by the small numbers of cases examined. Only one
cohort study examined exposure-response relationships but results were inconsistent
because of small numbers. Similarly only one case-control study presented results
separately by sex but results were unstable because of small numbers. Hence the role of
environmental exposure among women and the risk of mesothelioma requires further
clarification.

Examination of these studies highlights the key features of mesothelioma that make it
such a challenge to study. It is a very rare outcome and hence numbers are small and it
is difficult to achieve adequate power. Also it has a long latency period requiring long
follow up which is often hard to achieve. Moreover retrospective measures of exposure
which may have not been taken often or at all in the environment are needed and again
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this influences the number of outcomes if the follow up is not long enough. However
on the other had, it is a specific outcome related to asbestos exposure.

3.3.3.

Lung cancer in women exposed environmentally to asbestos

The three Chinese cohorts of people exposed to naturally occurring „blue clay‟ did not
report sex disaggregated results for lung cancer and mesothelioma was the only
outcome examined for Wittenoom residents, Turkish villagers and household contacts
of asbestos workers from Paterson. These studies are not discussed further in this
section.46-52

Excess mortality from lung cancer was reported among the wives of Italian asbestos
cement workers, at both time periods examined (1988 and 2003), although at neither
time was it significantly greater than that of the reference population,44, 45 Table 3.2. The
number of cases examined ranged from six with follow up to 1988 increasing to 12
when followed up to 2003. There was an increase in risk with duration of exposure, but
the trend was inconsistent, once again probably because of small numbers.44

Two descriptive studies have examined environmental asbestos exposure and risk of
lung cancer (Table 3.4). Both were retrospective mortality studies, one among non
occupationally exposed residents of Casale Monferrato, the other among the exposed
population of the asbestos mining areas of Quebec Canada.65,

68

Excess lung cancer

mortality was not found in either study. Both populations were exposed to chrysotile
asbestos, which may be less carcinogenic with regard to lung cancer that the amphibole
varieties of asbestos (see Section 2.6.1). Cumulative lifetime exposure was estimated
among the Canadian women, but was not related to mortality outcomes.

In summary, few studies have examined lung cancer mortality and environmental
asbestos exposure, among women. Of those that have, no significant excess mortality
from lung cancer has been found although numbers have been small limiting
interpretation. Further examination of the relationship between environmental asbestos
exposure and lung cancer in women is needed to clarify any association observed in
these previous studies. However, this requires an exposed population of an adequate
size with the potential for long follow up and some measure of exposure.
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3.3.4.

Asbestosis in women environmentally exposed to asbestos

The cohort of household contacts of Unarco factory workers55 were examined
radiographically for asbestosis as well as the descriptive studies examining household
contacts of shipyard workers,34 persons exposed to vermiculite in Libby Montana67 and
wives of insulation workers,66 Table 3.4. Asbestosis was not reported in five of the
cohort studies presented in Table 3.2.44-46, 51

Seventeen percent of all household contacts (women and men) who lived with an
Unarco asbestos worker subsequently developed asbestosis (graded profusion of small
opacities ≥1/0).55 The extent and intensity of the household contacts asbestos exposure
was unknown in this cohort. Eleven percent of the wives and three percent of the
daughters of shipyard workers had radiographic evidence of asbestosis.34 Less than one
percent (0.4%) of the women from Libby Montana and no wives of insulation workers
had radiographic signs of asbestosis.66, 67

None of these studies have been able to examine exposure-response relationships. The
results are inconsistent because two studies of domestically exposed subjects report a
prevalence of 10% or more whilst the wives of insulation workers report no cases of
asbestosis. Prevalence was similarly low among those women exposed environmentally
in Libby. Hence the relationship between non occupational asbestos exposure and
asbestosis is not clearly understood.
3.3.5.

Reproductive cancers in women environmentally exposed to asbestos

Four cohort44, 45, 51, 53 and one descriptive study65 of women environmentally exposed to
asbestos have examined mortality from ovarian, cervical, uterine or breast cancer, or
cancer of the genital organs in general, Table 3.2 and Table 3.4. No studies have
examined gestational trophoblastic diseases as an outcome.

Non statistically significant excess mortality from ovarian cancer was reported among
Italian wives of asbestos workers followed up to 1988 and 2003. The number of cases
was small: six at 1988 and 11 at 2003 and for this reason exposure-response
relationships were not examined.44, 45 Ovarian cancer was not reported among the three
Chinese cohorts.51
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Among Canadian women in the two chrysotile mining areas of Quebec, mortality from
genital cancer was reported. The risk was lower than that of the reference population,
based on 64 cases. Exposure-response relationships were not examined.65 Mortality
from cancer of the genital organs among female household contacts of Paterson, US
asbestos factory workers was less than half that of the reference population. Exposureresponse relationships were not examined.53

Mortality from cancer of the uterus was less than that of the reference population among
the Italian wives of asbestos cement factory workers. Numbers were small, five at both
periods of follow up.44, 45 Crude mortality rates for cervical cancer were greater among
two of the Chinese cohorts compared with their comparison groups, but this was based
on only three cases, two in cohort II and one in cohort III. There were no cases in the
comparison groups.51 Exposure-response relationships were not able to be examined in
any of the above studies.

Mortality from breast cancer was less than that of the reference population in the five
studies examined, but not statistically significantly. None examined exposure-response
relationships.44, 45, 51, 53, 65

In summary, only one study has examined mortality from ovarian cancer among women
exposed environmentally to asbestos. It reported a point estimate of an excess of 50%
but this was not statistically significant. Of the other reproductive cancers, cervix, uterus
and breast, most studies reported lower or similar mortality with their reference
populations. All studies have been limited by small numbers and hence an inability to
examine exposure-response relationships adequately. Therefore, further examination of
reproductive cancers among women environmentally exposed to asbestos is warranted.
3.3.6.

Mortality in women environmentally exposed to asbestos

Magnani et al and Ferrante et al used SMRs to examine excess mortality from all causes
in their cohort of Italian wives of asbestos workers.44,

45

The only other study to

examine mortality from all causes reported crude death rates per 100,000 among
Chinese villagers.51 The cohort studies of Wittenoom residents, Turkish villagers and
household contacts of asbestos workers in Paterson examined mesothelioma as the only
outcome. These latter three studies will not be discussed further in this section.
97

Mortality from all causes or from all cancers was low or at unity with the reference
population among the Italian wives cohort.44, 45

A strength of this study was its small

loss to follow up (<1.5%). In the three Chinese cohorts exposed to „blue clay‟, the crude
mortality rate for all causes was lower in each cohort compared with their comparison
group. In contrast the crude mortality rate for all cancers was higher in each cohort
compared with their reference group, although confidence intervals were not provided.51
Exposure-response relationships and all cause or all cancer mortality were not assessed
in these studies. The picture with regards to all cause mortality and all cancer mortality
is unclear among women environmentally exposed to asbestos.

Cardiovascular disease mortality was low or at unity among the Italian wives at both
follow up periods, 1988 and 2003.44, 45 It was low among two of the Chinese cohorts
(cohorts II and III) compared with their reference groups although confidence intervals
were not provided and the results were not stratified by sex. Results for this outcome
were not reported for Cohort I.51

Mortality from ill-defined causes was in excess at both time periods examined among
the Italian wives cohort. The excess was three to fourfold that observed in their
reference populations. Unknown causes of death were also in excess in two of the
Chinese cohorts, twofold in Cohort III, but only a small increase in Cohort II (162.3
versus 153.4 in the reference group). Again confidence intervals were not provided and
the analysis was not stratified by sex. Results for this outcome were also reported for
Cohort I. Three to fourfold excess deaths from psychiatric disorders were reported
among Italian wives followed up to the end of 2003.45

Mortality from cancer of the stomach was low whilst there was an insignificant increase
for cancer of the colon and rectum among Italian wives of asbestos cement workers
followed up to 198844. Follow up to 2003 showed non significant increases of cancer of
the intestine and rectum and rectum.45 Exposure-response relationships were not
examined. Mortality from these cancers was not presented for each sex in the Chinese
cohorts.51
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The findings from the retrospective mortality study conducted among the asbestos
mining and milling towns of Quebec, Canada were similar to the results presented
above. It found mortality from all causes, circulatory diseases, all cancers and digestive
cancers were similar to that observed in the reference population, Table 3.4.65 It did not
examine exposure-response or adjust for individual level characteristics.

In summary, excess mortality from all causes has not been found in any of the five
cohorts of women exposed to asbestos environmentally. This does not occur because of
high loss to follow up. No study has reported exposure-response relationships. These
findings are in contrast with those cohort studies of women occupationally exposed to
asbestos which show an excess in the magnitude of 40 to 80%. While occupational
studies suggest an increase in mortality, the pattern is much less clear in the
environmental setting where the intensity of exposure has usually been lower but the
duration of exposure has often been longer. Work to date has been limited in this area
and further work is warranted to clarify any association.

3.3.7.

Limitations of studies of women exposed environmentally

The limitations of the cohort studies of women exposed environmentally to asbestos are
similar to those discussed above for the occupationally exposed cohorts. Most of the
studies relied on information held on death certificates for their ascertainment of deaths.
None confirmed the cause of death through other means, although all confirmed
mesotheliomas histologically. There was no discussion of other possible independent
risk factors in any of the studies and confounders were not examined. Five of the seven
cohort studies did not report on loss to follow up nor report it stratified by sex.46-51 One
of these reported an overall loss to follow up of 11.8%47-50 whilst loss to follow up in
the Chinese cohorts ranged from 0.1% to 10%.51 Loss to follow up was low (1%)
among the Italian wives and among household contacts of Paterson asbestos factory
workers.44, 53 Only two of the studies examined exposure-response relationships.44, 45, 4750

Duration, latency

and cumulative exposure (fibre/ml-years ) were related to

malignant mesothelioma among the Wittenoom cohort and latency and duration of
exposure were examined among the Italian wives. The levels of environmental exposure
were often not measured and so the ability to study exposure-response relationships is
limited not only by the small number of outcomes but also the lack of exposure data and
therefore the need to use surrogates such as duration of exposure.
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The case-control studies have been limited by the small numbers of cases available for
inclusion in the study. These small numbers were further broken down by categories of
asbestos exposure resulting in unstable estimates and wide-confidence intervals.
However, given the rarity of this disease in non-asbestos exposed populations, its clear
association with asbestos exposure and its long latency period, the case-control study is
a useful design to examine the association between mesothelioma and environmental
asbestos exposure.

The potential for recall bias in the case-control studies was high as the association
between asbestos exposure and cancer is well known, particularly as most of the studies
occurred in areas with high asbestos exposure, e.g. the asbestos mining towns of
Quebec or Casale Monferrato in Italy, or in Yorkshire England, following publicity
about the high incidence of mesothelioma. Recall bias may have been compounded in
four of the studies. These studies interviewed the relatives of cases about the
occupational and residential asbestos exposure histories of cases who had subsequently
died.57-60,

62

Only two studies were able to interview cases about their own asbestos

exposure history and even here recall bias was likely.56, 61

As the selection of controls is important in a case-control study most of the studies
made a serious attempt to control for possible confounding and selection bias. Several
used different groups of controls selected from various settings in order to minimise or
assess potential bias. Selection of controls from among other cancer patients or other
hospital patients was common, as was an attempt to control for potential unknown
confounders. All of the studies matched their controls and cases on sex and age. Others
adjusted for other potential confounders such as race and country of residence. One
study matched each case with 15 controls in an attempt to maximise power.

Four of the descriptive studies were ecological in nature and are limited because of this
approach. Cases were identified through cancer and death registries, and therefore the
information was limited to that contained in the death or cancer registry. No individual
information was collected. Therefore exposure-response relationships could not be
evaluated and results could not be adjusted for individual level characteristics.
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3.4.

Susceptibility to mesothelioma

Two studies have reported higher disease rates of mesothelioma in women than men,
among workers exposed occupationally in the same workplace.1, 10 Among 1,077 female
and 889 male Italian asbestos textile workers, exposed to a mixture of fibre types
including crocidolite, an SMR for cancer of the pleura for women was 7,891.2 (P<0.05)
and for men SMR was 2,851.5 (p<0.05). The SMR for cancer of the peritoneum was
2,886.5 (p<0.05) for women and 1,090.3 (p<0.05) for men. None of the confidence
intervals crossed 100, but they were not shown in the paper and so could not be assessed
as to whether they overlapped for the women and men.10 The much greater SMR in
women may be because of lower mesothelioma rates in the general population for
women. Among asbestos textile workers from East London exposed to crocidolite and
chrysotile and followed up for more than 20 years, 1.5% of the women compared with
1% of the men had died from a mesothelial tumour, despite only 77% of the women
being traced compared with 95% of the men, but this comparison ignores the person
years at risk and exposure intensity.1, 72

Similar findings have been reported among women and men with environmental
asbestos exposure.

A cohort study conducted in central Anatolia, followed 1,886

villagers comprising 889 women and 997 men aged 30 years and older, exposed to
mixtures of tremolite, chrysotile and anthophyllite, from eleven asbestos affected
villages, for a period of ten years. In that time 12 male and 12 female cases of pleural
mesothelioma were identified, resulting in observed/expected ratios of 52.6 (95%CI
29.9-92.6) for men and 143.9 (95%CI 81.7-253.4) for women.46

Neither the occupationally exposed or the environmentally exposed cohorts reported
here have individual quantitative asbestos exposure measurements. Therefore exposureresponse relationships in men and women have not been examined, so any possible
differences in this relationship between women and men remain unknown.

The apparent higher risk in women reported in these studies may be explained by
differential asbestos exposure. In the factory workers, women may have been more
likely to work in dirtier areas, specifically in the carding, weaving, spinning and
doubling departments. This was the case among the women in the East London factory,
although men worked in these departments too and in other heavily exposed
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occupations in the factory.1, 72 Job type and location were not specifically discussed in
the report about Italian textile workers.10 Among the Turkish villagers, women may
prepare the asbestos and whitewash the walls, sweep the floors, and would probably
spend more time inside the home than men. However, the authors argued that in these
rural areas of Turkey the whitewash process is done by either men or women and that
therefore exposure is not different.46 Knowledge of individual exposure levels would
improve our understanding of why women in this cohort experienced such an excess of
malignant mesothelioma. Ideally, any comparison between men and women would
consist of an examination of regression models, rather than being limited to a
comparison of SMRs.

Increased susceptibility to mesothelioma in women is also suggested by some studies
that show greater disease rates in women at lower levels of exposure. Peritoneal
mesothelioma usually occurs in persons who have received higher levels of asbestos
exposure.30 The presence of asbestos fibres in peritoneal tumours has been reported in
seven women with peritoneal mesothelioma, who were not knowingly exposed to
asbestos.73 This suggests that peritoneal mesothelioma may develop at lower exposure
levels in women. Cocco and Dosemeci found that the risk of peritoneal mesothelioma
did not increase beyond moderate exposure for women compared with continuing
increased risk with increased dose for men.74 However, this finding may be an artefact
of the analysis which applied a job exposure matrix to the occupation listed on death
certificates in 24 states of the United States and did not account for residential or
environmental exposure.

Biological or physiological differences may explain any difference in susceptibility.
Differences in airway behaviour have been reported by sex. Women and girls lungs are
smaller than those of men and boys, but they have greater flow rates over the whole
lifespan. The ratio of Forced Expiratory Volume in one second (FEV1) to Forced Vital
Capacity (FVC) is higher in females than males.75, 76 Therefore smaller lung volume in
women may lead to greater alveolar fibre deposition and greater fibre retention than
men with larger lungs.77
3.5.

Predicting future mesothelioma mortality

Very few studies have predicted the future cases of mesothelioma among their asbestos
exposed cohorts. Future cases of mesothelioma have been predicted among the
102

Wittenoom workers at two occasions in the past.78, 79 To our knowledge prediction of
the future cases of mesothelioma has only occurred in one other occupational cohort:
East London asbestos factory workers.80 Future cases of mesothelioma have not been
estimated in cohorts with environmental asbestos exposure.
Newhouse et al predicted that future mortality of male asbestos workers from
mesothelial tumours, up to the year 2000, would be between 7% and 11%, and for
female workers between 9% and 12%.80 Earlier analysis by de Klerk et al of the
Wittenoom workers cohort predicted up to 692 cases of mesothelioma (95%CI 394-990)
to the year 202079, whilst Berry predicted between 250 and 680 deaths from
mesothelioma between 1987 and 2020.78

Neither of the predictions among the

Wittenoom workers were stratified by sex.

3.6.

Conclusion

Studies that have examined the health outcomes of women who have been
occupationally exposed to asbestos have been limited by small numbers of women
exposed and subsequently small numbers of cases of specific diseases. This has been
compounded for some studies that have reported high rates of loss to follow up. Few
studies have examined mortality other than malignant mesothelioma among women
environmentally exposed to asbestos. Most studies have restricted their analysis to the
cause of death as coded on the death certificate and misclassification of disease may
have resulted because of this, although many of the studies confirmed their cases of
mesothelioma histologically. An examination of cancer incidence, rather than mortality,
may have produced different results, particularly if mesotheliomas were misclassified as
other causes of death on the death certificate. The association between asbestos
exposure and reproductive cancers, in particular ovarian and cervical cancer remains
unclear. Any association between breast cancer and asbestos exposure is not supported
by the literature. The majority of studies have not examined exposure-response
relationships for all outcomes and none of them have compared exposure-response
relationships among women and men.

Only one study has predicted future

mesotheliomas among a cohort of women occupationally exposed to asbestos. This has
not occurred among either men or women environmentally exposed to asbestos.
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The cohort of Wittenoom women and girls will enable us to attempt to answer some of
the questions raised in this literature review. Almost three thousand women and girls
were documented to have been exposed to blue asbestos there. Four hundred and
sixteen worked for the Australian Blue Asbestos Company and 2,552 were exposed
environmentally. Quantitative asbestos exposure measurements, intensity, duration and
cumulative exposure (f/ml-years) have been derived for every worker and resident at
Wittenoom. The cohort also benefits from a long follow up: more than 60 years. The
women in the cohort are passively followed at National and State Cancer, Mesothelioma
and Mortality registers, as well as being actively followed up by regular questionnaires
and participation in a cancer prevention program.
Hypotheses
The specific hypotheses to be addressed in this thesis, using the data of the Wittenoom
women are;
1. That Wittenoom women have higher mortality from All Causes and All Cancers,
malignant mesothelioma, lung cancer and asbestosis than the age standardised
female Western Australian population
2. That Wittenoom women have higher incidence of malignant mesothelioma,
lung, ovarian, cervical, and uterine corpus cancer than the age standardised
female Western Australian population
3. That Wittenoom women have a lower incidence of breast cancer than the age
standardised female Western Australian population
4. That exposure-response relationships can be demonstrated for mesothelioma and
lung cancer among the Wittenoom women and girls.
5. That ovarian and colon cancers have not been misclassified as peritoneal
mesotheliomas and vice versa.
6. That women are more susceptible to mesothelioma than men.
7. That mesotheliomas will continue to occur to the end of 2030 among the
Wittenoom women
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Chapter 4.

METHODS AND RESULTS

This chapter consists of six published and unpublished manuscripts, presented in order
of completion.
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in malignant mesothelioma after residential exposure to blue asbestos
(crocidolite). Chest 131;376-382
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among women and girls environmentally and occupationally exposed to
blue asbestos at Wittenoom, Western Australia. International Journal of
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Reid A, Heyworth J, de Klerk NH, Musk AW. The mortality of women
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Medicine 65;743-749
and
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Wittenoom. Cancer epidemiology, biomarkers & prevention. In Press
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Paper 6.

Reid A, Heyworth J, de Klerk NH, Musk AW. Asbestos exposure and
gestational trophoblastic disease. An hypothesis
Unpublished manuscript

Paper 1 examines mesothelioma and susceptibility in women and men with residential
asbestos exposure from Wittenoom.

Papers 2 to 6 examines all of the women from Wittenoom, the 416 who worked for the
Asbestos Company and the 2,552 who had residential exposure to blue asbestos. Paper
2 examines cancer incidence and Paper 3 and the supplement to paper 3 examine
mortality

among

the

women

exposed

environmentally

and

those

exposed

occupationally. Paper 4 predicts future mortality for all former Wittenoom women.
Papers 5 and 6 examine the impact of asbestos exposure on reproductive cancers and
gestational trophoblastic disease.
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Abstract
Background: Blue asbestos was mined and milled at Wittenoom, Western Australia,
from 1943 until 1966. Various public records were used to establish a cohort of
residents of the nearby township. Mine tailings were distributed throughout the town.
Aims: (i) To report the incident number of malignant mesotheliomas that have occurred
in residents of the town who did not work at the mine or mill. (ii) To determine if
females are more susceptible to asbestos exposure than males and if children are more
susceptible than adults.
Subjects and Methods: 4,768 residents of the town of Wittenoom have been followed
in cancer and death registries.
Results: There were 67 cases of mesothelioma, and 64 deaths with mesothelioma to the
end of 2002. The mortality rate with mesothelioma increased with increasing residence
duration, time since first exposure and estimated cumulative exposure. The
mesothelioma mortality rate was consistently lower for females when compared with
males but the dose-response curve was steeper for females. The rate was lower in those
first exposed as children compared with those first exposed aged 15 years or older. The
dose-response slope for asbestos exposure and mortality from mesothelioma was not
different between those who were first exposed as children than those who were first
exposed aged 15 years and older.
Conclusions:

Former residents of a crocidolite mining town have a high rate of

mesothelioma. The rate is higher in males and those who are aged 15 years or older at
first exposure but women have a steeper dose-response curve.
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Introduction
Crocidolite (blue) asbestos was mined and milled at Wittenoom Gorge, Western
Australia, by the Australian Blue Asbestos Company (ABA) between 1943 and 1966.
Originally the residential area was in the Wittenoom Gorge, one kilometre from the
mine but in 1947 a new town was established 12 kilometres from the mine, on the flats
of the Fortescue River. In 1957 a new mine and mill was established in a nearby gorge
(Colonial Gorge). Tailings from the mining operation containing residual crocidolite
fibre were used throughout the town for paving roads, parking areas, the school
playground and the race course, and spread on the yards of houses to suppress the red
dust and mud.1,2 Asbestos was trucked through the town past the primary school and
houses, and the workers took their dusty work clothes home for washing. Hansen and
colleagues reported 24 cases of mesothelioma to 1992 in a cohort of 4,890 residents of
the town who had never worked for the mining company,3 and 27 cases in 4,659 former
residents to the end of 1993.4

Greater Standardised Mortality Ratios for mesothelioma have been reported for women
than men in various studies5,6 and among factory workers in East London, followed up
for more than 20 years, 1.5% of women compared with 1% of men had died from a
mesothelial tumour.7 Other studies have reported greater disease rates in women than
men at lower levels of exposure8,9, leading to the suggestion that women may be more
susceptible to mesothelioma than men.10

We present the results of a further follow up to the end of 2000 among the former
residents of Wittenoom, not employed in the milling and mining industry, and aim to
determine if women are more susceptible to mesothelioma than men.

Since the

previous papers, work has gone into further development of the cohort and into reducing
the amount of missing information, and this accounts for any difference in numbers of
subjects from those earlier reports.3,4

The Wittenoom studies are unique in the fact that asbestos exposure was exclusively to
crocidolite for defined periods of time, exposures have been characterized and followup rates are relatively high when compared with studies performed elsewhere.
114

Methods
Residents’ cohort
Residents were defined as those who were documented to have lived in the town for at
least one month and who had not been exposed to asbestos occupationally either at the
Wittenoom mine or mill, or elsewhere.3

The cohort was established using information from numerous sources. These included
the local school register (835), electoral roll (616), Wittenoom hospital records (838),
Vitamin A Cancer Prevention Programme11,12 (819), publicity and questionnaires (570),
Registrar General (birth certificates (207) death certificates (15)), from workers‟
questionnaires (157), from parent or guardian (212), the Asbestos Diseases Society of
Western Australia (131), Public hospital referrals in Perth (86), interview (58), company
employment records (41) and other (183). The residents‟ cohort consisted of 4,768
people (2,608 females and 2,160 males). The residents included spouses and children of
mine and mill workers, government employees (teachers, hospital staff, police, and
local government workers), those who worked for other mining companies using
Wittenoom as a base camp for exploration in the surrounding area, and those providing
services in the town.
Ascertainment of cases
Reporting of cases of mesothelioma is mandatory in Australia. Cases were ascertained
from various sources throughout Australia: the National Death Index, Cancer Statistics
Clearing House, Australian Mesothelioma Surveillance Programme and the Western
Australian Cancer Registry, Mesothelioma Registry and Registrar General.
Asbestos exposure assessment
It was assumed that the exposure of residents started when they first became resident
excepting those who were resident before 1943, then exposure was assumed to have
started in 1943. It is possible that some of these were exposed a few years earlier since
there was some asbestos extraction and hand cobbing from the 1930s. Based on surveys
of airborne fibre (threads or filaments forming textile substances) counts conducted in
the township itself and performed periodically by the Health Department of Western
Australia and the Mines Department of Western Australia, former residents of the
115

township of Wittenoom not working directly with asbestos were assigned an intensity of
exposure of 1.0 fibres (>5 microns long) per millilitre of air (f/ml) from 1943 to 1957
(when the new mill was commissioned), and then 0.5 f/ml between 1958 and 1966,
when the mining operations ceased.

Interpolation between surveys using personal

monitors assigned exposures from 0.5 f/ml in 1966 to 0.01 f/ml in 1992. Exposures
were based on measurement methods developed in an occupational setting – a time
weighted average over an 8-hour working day, 5 days a week. Consequently, they
represented only 40 hours out of 168 hours per week exposure. To adjust for this and
produce more accurate estimates of total exposure, the cumulative exposure figures
were multiplied by 4.2 (i.e. 168/40) to represent 24 hour, 7 days a week residential
exposure.

Duration of residence was extracted from a questionnaire sent to each subject, or was
taken from the information contained in various sources: state primary school records,
admission and out-patient records from the hospital, the State Electoral Roll for the
Pilbara district and information supplied by others who returned completed
questionnaires.

Mesothelioma death rates per 100,000 person-years were calculated with a latency of 20
years by dividing the number of mesothelioma deaths by the person-years of follow-up
from 20 years after first exposure to the end of 2000. Those not known to be dead were
assumed to be alive at the end of 2000, and were censored at an age of 85 years.

Proportional hazards survival models with a Weibull distribution for the hazards were
used to examine the slope of the dose-response relationship between asbestos exposure
and death from mesothelioma in different age and sex groups. STATA 913 was used for
analysis.
Results
Population
The number of Wittenoom residents fluctuated with the expansion and contraction of
the asbestos mining and milling operation. The residents population peaked in 1964 and
declined quickly after December 1966 with the closure of the mine and mill (Figure
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4.1). However, numbers increased again after this period as new people moved into the
vacated accommodation. From 1994 the State Government decided to phase out the
town, and buildings were demolished and services withdrawn.

Figure 4.1

Population of Residents at Wittenoom, 1943 - 1994
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Most residents moved to the town during the 1950s and 1960s, the mean year of arrival
being 1962. Ten per cent of residents were born at Wittenoom with 61 per cent of
males compared with 46 per cent of females being there when they were younger than
fifteen years. The median duration of residence was 20 months with 35 per cent staying
for less than a year. More women than men lived with a worker employed by ABA.
The mean cumulative exposure to asbestos was 5.5 f/ml-years with females having a
greater mean exposure than males (Table 4.1). More men than women arrived at
Wittenoom after the mine and mill had closed, when the (assigned) asbestos exposures
were lower, therefore men had greater cumulative days of asbestos exposure but a lower
mean cumulative dose (Table 4.1).
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Table 4.1

Residential characteristics of the former Wittenoom residents cohort
Females
2608
N (%)
8 (0)
110 (4)
929 (36)
1136 (44)
374 (14)
39 (1)
12 (0)

Males
2160
N (%)
25 (1)
78 (4)
619 (29)
929 (43)
432 (20)
48 (2)
29 (1)

Total
4768
%
1
4
32
43
17
2
1

Age at first residence
Born at Wittenoom
<5 years
5-14 years
15-39
40+
Unknown

N (%)
220 (8)
549 (21)
449 (17)
1148 (44)
197 (8)
57 (2)

N (%)
250 (12)
601 (28)
438 (21)
610 (28)
183 (8)
91 (4)

N (%)
10
24
18
37
8
3

Length of residence
Less than one year
one to less than three years
three to less than five years
five plus years
Unknown

N (%)
911 (35)
806 (31)
356 (14)
437 (17)
98 (4)

N (%)
764 (35)
598 (28)
277 (13)
368 (17)
153 (7)

N (%)
35
29
13
17
5

Lived with an ABA worker

1711 (66)

968 (45)

Year of first residence
<1943
1943-1949
1950s
1960s
1970s
1980s
Unknown

Asbestos Exposure
Mean year of arrival
Mean number of days of residential exposure
Mean cumulative exposure (f/ml-years)

Mean (sd)
1961 (8)
1018 (1380)
5.9 (8)

Mean (sd)
1963 (9)
1962 (1434)
4.9 (7)

p-value

<.001

<.001

.5514

2679 (56)

<.001

Mean (sd)
1962 (9)
1007 (1404)
5.5 (8)

<.001
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Mesotheliomas
By the end of 2002 there were 67 known cases of mesothelioma in former residents, 36
in males and 31 in females. Sixty two cases were pleural, three peritoneal and the site
was not stated for two. Mortality from mesothelioma and residence with an asbestos
worker were significantly associated for women (p=.01). Twenty seven of the 31
female cases lived with an asbestos miner or miller. This association did not hold for
men, 13 cases had lived with an ABA worker. Sixty four of the mesothelioma cases had
died. The mortality rate and incidence rates are therefore very similar.

The mortality rate with mesothelioma increased with increasing length of residence
(Table 4.2), cumulative exposure (Table 4.3) and latency period (Table 4.4). The
mesothelioma mortality rate was consistently lower for females when compared with
males.

Table 4.2

Mesothelioma death rate* by number of years resident at Wittenoom

Years of
Females
Males
Residence
Deaths Death Rate
Deaths Death Rate
<1
1
7
5
47
1-2
6
43
2
21
3-4
7
109
6
134
5-9
5
101
5
155
10-19
4
177
4
223
20-45
1
195
1
142
Unknown
1
96
6
403
Total
25
57
29
91
*per 100,000 person-years from 20 years after first exposure

Table 4.3

Total
Deaths
6
8
13
10
8
2
7
54

Death Rate
23
34
119
122
197
164
277
71

Mesothelioma death rate* by cumulative exposure (f/ml-years)

Cumulative
Females
Males
Exposure
Deaths Death Rate
Deaths Death Rate
<10
10
30
13
53
10-24.9
8
107
6
132
25-49.9
4
173
4
274
>=50
1
384
0
0
Unknown
2
197
6
409
Total
25
57
29
91
*per 100,000 person-years from 20 years after first exposure

Total
Deaths
23
14
8
1
8
54

Death Rate
40
116
212
321
323
71
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Table 4.4

Mesothelioma death rate* by latency from first exposure

Lag
Females
Time
Deaths Death Rate
<10
0
0
10-19
0
0
20-29
4
18
30-39
12
75
>=40
9
165
Total
25
26
*per 100,000 person-years

Males
Deaths
0
0
6
10
13
29

Death Rate
0
0
35
91
351
40

Total
Deaths
0
0
10
22
22
54

Death Rate
0
0
25
82
240
32

Age at first residence
There was some evidence that children <15 years of age had lower rates of mortality
with mesothelioma than persons aged 15 years or more at first exposure (Table 4.5).
These two groups had similar mean residence times in Wittenoom, cumulative
exposures and lengths of follow-up. The relative risk in those exposed at older ages was
2.4 (95% CI 1.4 – 4.2). However the slope of the dose-response relationship between
mesothelioma and cumulative asbestos exposure was not different between those first
exposed <15 years of age and those first exposed >=15 years of age (not shown).

Table 4.5

Mesothelioma death rate* by age at first exposure in former residents

Age at
first
Number
exposure
of
(years)
residents
<15
2491
15 2154
unknown
123
Total
4768
*per 100,000 person-years

%
52.2
45.2
2.6
100.0

Number with
mesothelioma
24
43
0
67

% of
residents with
mesothelioma
1.0
2.0
0
1.4

Mesothelioma
death rate
47
112
71

Susceptibility
Adjusting for cumulative asbestos exposure and age at first residence, men had an
overall higher rate of mesothelioma than women (Table 4.6). However, the second part
of Table 4.6 shows that the interaction between asbestos exposure, mesothelioma and
sex was statistically significant indicating that the slope of the dose-response
relationship differed between women and men (Table 4.6 and Figure 4.2). Women have
a steeper dose-response slope than men (p=0.047).
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Table 4.6

Sex, age at first residence, cumulative asbestos exposure and malignant
mesothelioma dose-response slopes among former Wittenoom Residents

Base Model
Cumulative Exposure (log f/ml-years)
Females
Males
First residence at Wittenoom aged<15 years
First residence at Wittenoom aged>=15 years

Hazard Ratio
1.39
1.00
2.37
1.00
3.88

95%CI
(1.11 – 1.75)

P-value
0.005

(1.39 - 4.05)

0.002

(2.22 - 6.78)

0.000

Base Model with Interaction
Hazard Ratio 95%CI
P-value
Cumulative Exposure (log f/ml-years)1
1.81
(1.27 – 2.57) 0.001
Females
1.00
Males2
4.08
(1.87 – 8.93) <0.001
First residence at Wittenoom aged<15 years
1.00
First residence at Wittenoom aged>=15 years
3.83
(2.19 – 6.71 <0.001
Male*Cumulative exposure
0.63
(0.40 - 0.99) 0.047
1
for females; the slope for males is the female slope multiplied by the interaction = 1.14
2
at the mean value of log f/ml-years of 0.93; the male effect declines with increasing levels of
exposure

The sex specific dose-response slopes, with and without the interaction, for malignant
mesothelioma and cumulative asbestos exposure, derived from Table 4.6, show that
women have a steeper dose-response slope than men, but their overall risk is lower than
that for men (Figure 4.2).
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Figure 4.2
Cumulative asbestos exposure and dose-response slopes for former
female and male residents of Wittenoom (derived from Table 4.6)
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Discussion
In this cohort study of the former residents of Wittenoom, women had a lower
mesothelioma mortality rate when compared with men at each level of cumulative
exposure, lag period and number of years of residence at Wittenoom. The slope of the
dose-response relationship was different between women and men showing women had
a significantly steeper dose-response slope than men. Children who were at Wittenoom
aged less than 15 years had a lower rate of mesothelioma than those who were aged 15
years or more but there was no difference in the dose-response slope between these two
groups.

The shortest lag period between first known exposure to crocidolite and diagnosis with
mesothelioma was 24 years for women compared with 19 years in men. The shortest lag
time between first known exposure and death with mesothelioma was 20 years for
residents compared with 13 years in the former workers.14 The longer lag time in
women and residents is consistent with their lower risk. Thereafter the rates continue to
increase with increasing lag time and, as would be expected, increased with increasing
exposure in the Wittenoom township.
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The mesothelioma rate in those first exposed as children (<15 years) was about 40%
that of those first exposed at older ages, and about 25% after adjusting for exposure and
sex. This is a larger difference than in reports from earlier work which showed a lower
risk for those first exposed as children under 10 years (RR=0.7 95%CI 0.3-1.5).4 Those
first exposed as children have more years left to live so their lifetime risk may not be
lower than the group exposed when older. No mesothelioma cases were diagnosed in
children as the youngest age at diagnosis was 26 years. A similar finding was found
after environmental exposure to erionite in three villages in Turkey where the youngest
patients out of 135 mesothelioma cases were 26 and 27 years old.15 Animal studies
have shown that the incidence rate of mesothelioma was significantly higher in rats
inoculated intrapleurally with asbestos at age 10 months compared to rats inoculated at
age two months. The relative rate was estimated to be about four. The asbestos started
its effect soon after injection but the size of the effect was dependent on age. The
authors suggested that the reason for the lower risk in the younger rats could be due to
their having a more efficient defence mechanism.16

Our results are in the same

direction and magnitude as this study. The reduced risk of mesothelioma in children
exposed to asbestos at Wittenoom could be explained by their having a more efficient
defensive mechanism than older persons.

In this cohort of former residents of Wittenoom who did not work in asbestos mining or
milling, men had an overall greater rate of mesothelioma than women. However the
significant interaction between asbestos exposure, mesothelioma and sex suggests that
the slope of the dose-response relationship is different for women and men. Women
have a steeper dose-response slope than men, but the risk was greater in men for
exposures of 50 f/ml-years and less which covers more than 99% of the residents.
Greater disease rates among women at lower levels of exposure have been reported in
other studies, particularly peritoneal mesothelioma, but only three of the mesotheliomas
in the residents were peritoneal, all in males. Peritoneal mesothelioma usually occurs in
persons who have received high levels of asbestos exposure.17 The presence of asbestos
fibres in peritoneal tumours has been reported in seven women in the United States with
peritoneal mesothelioma, who were not knowingly exposed to asbestos.8 This suggests
that peritoneal mesothelioma may develop at low exposure levels in women, although
this study did not report results for non mesothelial peritoneal tumours, so possible
sample contamination cannot be dismissed.
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The increased susceptibility of women to asbestos exposure is further supported with
work by Metintas et al who report O/E=52.63 (95%CI 29.9-92.6) for males and
O/E=143.9 (95%CI 81.8-253.4) for females among a cohort of asbestos exposed
villagers in Turkey after ten years of follow up.5 The Turkish study does not possess
quantitative asbestos exposure measurements therefore differential asbestos exposure
between women and men may explain the observed differences.

The steeper dose-response slope for women than men in our study could have a
biological or physiological explanation.

For pleural mesothelioma: women have

smaller lung volume but a higher forced expiratory flow rate and a higher ratio of forced
expiratory volume in one second (FEV1) to forced vital capacity (FVC) than men.18
This may lead to greater alveolar fibre deposition and greater fibre retention than in
men with larger lungs.10

The greater prevalence of mesotheliomas in men than women at the same level of
exposure is possibly because of greater exposure measurement error in men than in
women. Men, for example may have had exposure to asbestos in other occupations prior
or subsequent to living at Wittenoom. Differences in behaviour that could have led to
different individual exposure patterns between females and males may also account for
some of the observed differences. For example, in Turkey, sweeping and cleaning done
more by women could be the chief exposure routes, whereas in Wittenoom it could have
been gardening or casual labouring done more by men. However, more women
residents lived with an asbestos miner or miller than did male residents and so may have
been exposed to asbestos fibres in their homes, work clothes being taken home for
washing.

Both the former workers‟ and residents‟ exposures are based upon the

interpolation of environmental measures and not individual data.
Conclusion
The township of Wittenoom has proved to be an area of high environmental exposure to
crocidolite asbestos and the consequence is a high mortality rate from malignant
mesothelioma. The rate is higher in males and those who are aged 15 years or older at
first exposure, although women have a steeper dose-response slope than men.
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Abstract
The impact of crocidolite exposure on the health of former Wittenoom miners and
millers (largely male) has been well documented. Less is known about the health
outcomes of the 2,968 women and girls who lived (N=2,552) and worked (N=416) in
the blue asbestos milling and mining town of Wittenoom between 1943 and 1992.
Quantitative exposure measurements were derived from dust studies undertaken over
the lifetime of the mine and mill and the township. Incident cancers were obtained from
the Western Australian (WA) Cancer Registry and the National Cancer Statistics
Clearing House. Standardised incidence ratios (SIRs) compared Wittenoom females
with the WA female population. Exposure-response relationships were examined using
a matched case-control study design. There were (47) mesothelioma and (55) lung
cancer cases among the 437 cancers in the Wittenoom females over the period 1960 to
2005. Compared with the WA female population, Wittenoom women and girls had
higher rates of mesothelioma and possibly lung cancer. Mesothelioma incidence rates
are increasing with the incidence rate of 193 per 100,000 in the period 2000 to 2005
being more than double that for the period 1995-1999 at 84 per 100,000. A significant
exposure-response relationship was present for mesothelioma, but not for lung cancer.
Forty years after the asbestos mine and mill at Wittenoom were closed, there is a high
toll from cancer among the former female residents of the town and company workers.
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Introduction
The impact of crocidolite exposure on the morbidity and mortality of Wittenoom miners
and millers (largely male) has been well documented.1-3 Less is known about the
impact of exposure on the health outcomes of the three thousand women and girls of
Wittenoom, who comprised both asbestos workers employed by the Australian Blue
Asbestos Company (ABA), and former residents of the Wittenoom township who were
not employed directly in the asbestos industry.

This study was undertaken because the results from studies of men may not be pertinent
or adequate to characterise the risks among women4 and cannot be used to examine
breast or gynaecological cancers. There may also be sex specific responses to asbestos
exposure that cannot be determined solely through an examination of male subjects.
Susceptibility and carcinogenicity may vary by sex, and the nature and patterns of
exposure to asbestos may differ by sex.

Most studies examining asbestos exposure and health outcomes among women have
confined their attention to mortality rather than incidence of cancer. This appears most
appropriate where the period between diagnosis and death is relatively short (e.g. for
malignant mesothelioma and lung cancer), but it relies on the accuracy of cause of death
recording and coding which may be contentious for malignant mesothelioma.5-8 These
earlier studies examining cancer mortality and asbestos exposure in women have
reported excess mortality from lung and respiratory cancers and malignant
mesothelioma. There has been some suggestion that ovarian cancers are also in excess
but small numbers make interpretation difficult.6,7,9

The women of Wittenoom have been exposed virtually exclusively to crocidolite and
quantitative measures of their exposure have been estimated.2,10 Their sources of
asbestos exposure were mixed; for some it was occupational whilst for others it was
from the general environment and from the domestic environment in the home where
ABA workers‟ clothes were worn and washed. The aim of this paper is to examine
cancer incidence in the Wittenoom women, compare it with the Western Australian
(WA) female population and examine exposure-response relationships.
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Methods
Blue asbestos was mined and milled at Wittenoom Gorge in WA between 1936 and
1966. The township of Wittenoom that developed as a result of the mine and mill was
initially located in Wittenoom Gorge, 1km away from the mine. As the population grew
it moved to the flats of the Fortescue River, 12km from the mine. The State and
Commonwealth governments actively encouraged the development of Wittenoom and
provided housing for the ABA workers and their families and various township
amenities. Asbestos tailings from the mine were distributed throughout the town: on
roads and footpaths; on the school playgrounds; on the racecourse; and in the back
yards of houses, in an attempt to minimise the fine, irritating dust rising from the red
sandy dirt.10,11 A chronology of events that occurred at Wittenoom is presented in Table
4.7.

Wittenoom workers’ and residents’ cohorts
Establishment of the Wittenoom workers cohort has been described elsewhere.2 Briefly,
crocidolite (blue asbestos) was mined at Wittenoom gorge in Western Australia from
1936 until 1966. From 1943 until 1966 the principal leases were mined by a single
company, ABA which employed over 6,000 people, mostly for short periods (Table
4.7). From employment records a cohort of 6,493 males and 416 (6%) female
employees was assembled. Most of the women who worked for ABA were not
employed in mining or milling roles but instead worked in the company shop, hotel or
offices. When the cohort was assembled vital status was determined for 73.2% of men
and 58.0% of the women.2 To the end of 2000 the vital status of more than 70% of the
former female workers was known.

A further cohort were identified from various sources as being former residents of the
township of Wittenoom.11,12 These sources and the percent of people they identified
included: state primary school records (22%), admission and out-patient records from
the Wittenoom hospital and General Practitioner (20%), the State Electoral Roll for the
Pilbara district (12%) questionnaires sent to ABA workers (14%), participants of a
cancer prevention program and associated publicity (18%) and Wittenoom birth records
(4%). Other sources included records from the Catholic Church, Wittenoom burial
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records, employment lists from the school, hotel, police, hospital and banks and
information from the Asbestos Diseases Society of WA (10%). In total 18,553 records
collected identifying 5,097 individuals not employed directly in asbestos mining or
milling.10,11

Between 1991 and 1993 a questionnaire was sent to all former residents of Wittenoom
traced to an address in Australia, (N=3,244, 64%), excepting those participating in a
cancer prevention program (N=641, 13%) from whom the information had already been
collected. Date, length and place of residence at Wittenoom, occupation at Wittenoom,
whether lived with an asbestos worker or washed the clothes of an asbestos worker,
smoking and past medical history as well as demographic information were collected.13

After consideration of questionnaire responses, 438 subjects were deleted from the
cohort for various reasons; denied living at Wittenoom (n=209, 48%), no details on date
of birth or duration of residence (n=152, 35%), lived at Wittenoom for less than one
month (n=22, 5%) and 55 (12%) were duplicate records.13 Therefore follow up status at
the end of 1993 was; 2,173 (47% ) returned a questionnaire, 641 (14%) were
participating in the cancer prevention program, 51 (1%) had permanently departed
Australia, 460 (10%) were dead, 785 (17%) had not returned a questionnaire and 549
(11%) were not traced since leaving Wittenoom.12 Where the person remained untraced,
did not return a questionnaire or was dead: if they were related to an ABA worker, then
dates and place of residence were assumed identical to that of the worker. For those
unrelated to an ABA worker, dates of residence were assumed the same as other family
members provided that at least one family member had known exposure. Dates of
residence were taken as those found on the various sources used to establish the cohort
for all other residents.10,12 If the untraced person was the wife of an ABA worker and
known to have lived with that worker, it was assumed that she washed his clothes. The
residents‟ cohort was considered complete when comparisons between it and the
population of Wittenoom recorded at various census dates showed a close
correspondence.11
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Work has continued on the development of this cohort since 1993 and this accounts for
differences in the number of persons from those earlier papers.10-12 To the end of 2000
there were 2,608 women and 2,160 men in the residents‟ cohort.14

Women at Wittenoom
All women from both cohorts without a death record and who were not attending a
cancer prevention program15, were searched for in the Marriage Register of WA to
determine if a change of surname had occurred. The search commenced from the year
they were last known to be alive. Death certificates of any spouse or birth, death and
marriage certificates of children were sought in an attempt to obtain the wife or
mothers‟ maiden name and date of birth. From this search we obtained authenticating
information for 235 women previously thought lost to follow up. Fifty six women were
excluded because they had insufficient identifying information (missing date of birth,
first name etc) or because they were residents of Wittenoom for less than one month.
The final cohort therefore consisted of 2,968 women, 416 former workers and 2,552
former residents. As at the end of 2004, 556 women (19%) were known to have died,
1,762 women (59%) were alive and 650 women (22%) were lost to follow up. Women
were defined as lost to follow up if there was no „passive‟ contact since 1999 and were
not known to be dead.

Case Ascertainment
The cohort was linked to the WA Cancer Registry, to ascertain incident cancers from
1982 to December 2005. Cancers diagnosed prior to 1982 were obtained by manually
searching printed computer records of all cancer registrations in Western Australia, as
well as searches of hospital admission records at all public hospitals in Australia.
Pathologists throughout Australia, and other state and territory cancer registries were
sent a list of names of all cohort members and asked to search their records.
Completeness of cancer registrations for cancers other than mesothelioma before 1982
are not known, therefore any cancers diagnosed before that period have not been
included in the Standardised Incidence Ratios. The WA Mesothelioma Registry, which
assesses and verifies all cases of mesothelioma diagnosed in the state, was established
in 1960.16 Incident cancers among women not resident in Western Australia were
132

obtained from each state and territory Cancer Registry via the National Cancer Clearing
House, and mesotheliomas from the Australian Mesothelioma Register.17 The end of
follow-up for each state and territory were: Tasmania and South Australia 1999,
Northern Territory 1998, Australian Capital Territory, New South Wales, Queensland
and Victoria 1997. Cancers were defined using the International Classification of
Diseases for Oncology, Second Edition.18 Data quality checks at the cancer registries
are carried out on a continual basis. Pathology coding and entry into database are
checked by a second staff member and unusual cases are flagged according to the
International Agency for Research into Cancer (IARC‟s) “Check” routine.
Completeness is ascertained by comparisons with reports from radiation oncologists and
the hospital morbidity data system which records all details of hospitalisations in
Western Australia.16

Asbestos Exposure Assessment
The Mines Department of WA conducted several surveys of dust exposure in the mine
and mill between 1948 and 1958 measuring the concentration of particles per cubic
centimetre using a konimeter. The upper measurement limit of 1,000cc was often
exceeded and anecdotal evidence suggests that operations were shut down before the
inspections commenced. In 1966 airborne respirable fibres greater than five microns in
length were measured in various workplaces in the mine and mill and in the township
using a Casella long running thermal precipitator.19 Fibre concentrations ranged from
100 fibres per ml (f/ml) in the bagging room down to 20 f/ml in the mine. Cumulative
exposure, measured in fibre per ml years (f/ml-years) was calculated for each former
worker by adding over all his/her jobs the product of his/her estimated fibre
concentration (derived from the dust surveys) and the length of time spent in each job
obtained from the ABA employment records.2 An additional amount was added to the
workers exposures reflecting 16 more hours of residential exposure each day and a two
day weekend.

In 1973 personal and fixed positional monitors were used to measure environmental
levels in the township, and further measurements were taken in 1977, 1978, 1980, 1984,
1986 and 1992.10 Based on these measures residents not working directly with asbestos
were assigned an intensity of exposure of 1.0 fibre per ml of air from 1943 to 1957,
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when an old „dirty‟ mill was in operation and then 0.5 f/ml from 1958 when a new
„cleaner‟ mill was in operation until the time that the mine and mill closed in 1966
(Table 4.7).10,12 Interpolation between the dust surveys that used personal monitors
allocated exposures from 0.5 f/ml in 1966 to 0.010 f/ml in 1992. The township of
Wittenoom did not close with the demise of the asbestos mining and milling operation,
although there was a significant decline in population at that time.14 The State
Government began to phase out the town from 1992 when some of the buildings were
demolished and services withdrawn (Table 4.7). Duration of residence was combined
with intensity of exposure to provide a measure of cumulative exposure. Cumulative
exposure was then adjusted by a factor of 4.2 to account for 24 hour a day/7 day a week
exposure.

Table 4.7

Chronology of events* that occurred at Wittenoom, Western Australia

Crocidolite deposits „discovered‟ and pick and shovel mining commenced
Australian Blue Asbestos Company takes over the principal leases
Establishment of residential settlement in Wittenoom Gorge about 1km downstream
from mine and mill
1946 Mines Department Inspector describes dust conditions at Wittenoom as „terrific‟.
1947 Building of town of Wittenoom at entrance to Wittenoom Gorge commenced, 10km
from the mine and mill
1948 Town named Wittenoom
1948-51 Dust levels in mine and mill regularly monitored at 6-8 times „safe‟ levels.
1950 Wittenoom has 150 houses and population over 500
1958 New „cleaner‟ mill opens
1960 First mesothelioma case in a worker diagnosed.
1965 Local council warned that the tonnes of asbestos tailings spread around the town could
even threaten tourists.
1966 October 8th. Air sampling program using long running thermal precipitators commenced
1966 December 1st. Asbestos mine and mill closes due to economic reasons. Population
declines rapidly
1978 November. Government decides to phase out the town of Wittenoom.
1980-83 Some Wittenoom streets closed
1985 December 18th. Primary school closed
1992 Government owned buildings demolished and new residents discouraged
1936
1943
1946

*Taken from the Report of the Select Committee Appointed to Inquire into Wittenoom 45

The estimates of asbestos exposure have been validated internally by showing an
agreement with lung fibre burdens20 and a clear relationship between all asbestosrelated diseases and exposure-response has been repeatedly documented in the
cohort.2,21-23 Further, Hodgson and Darnton, found Wittenoom exposures comparable to
exposures reported from other crocidolite mines and found the Wittenoom lung cancer
risk (RL) similar to that from other studies.24
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Analysis
Standardised Incidence Ratios (SIRs) were calculated as the ratio of the observed
cancers to expected cancers. Confidence intervals were assessed by treating the
observed number as a Poisson count with expectation equal to the particular expected
numbers. Expected numbers of cancers were estimated using age-period and causespecific cancer incidence rates for the WA female population in five-year periods from
1982 to 2005, provided by the WA Cancer Registry. For the period 1960-1981 the
population age and cause-specific cancer incidence rates for 1982-1984 were used to
estimate expected cancers as period specific rates were unavailable. However, cancers
diagnosed before 1982 were not included in the SIR analysis. For mesotheliomas, age
and period specific incidence rates for the WA female population in five-year periods
from 1982 to 2005 were used to calculate expected numbers. For mesotheliomas
diagnosed prior to 1982 incidence rates for the period 1982-1984 were used as period
specific rates for 1960-1981 were not available. The usual method for calculating
expected cancers would lead to a probable overestimate of risk2, given that twenty two
percent of the women were lost to follow up and the nearly complete ascertainment of
cancers in WA. Therefore two methods were used to derive expected cancers, to show
minimum and maximum estimates of effect, based on differing censoring dates.

The

first method assumed that all women not diagnosed with a cancer, not known to be dead
and not known to have migrated were cancer-free at the end of 2004, or if they were
residents of other Australian states, cancer-free until their respective state end of follow
up date. This method tends to overestimate the person-years at risk and therefore
provides a minimum estimate for SIR. The second method censored women at their date
last known to be alive if they were not diagnosed with a cancer, known to be dead or to
have migrated. This method tends to underestimate person-years at risk and therefore
gives an upper estimate of SIR. Both methods censored women at age 85 years if they
were not known to have a cancer or to have died before that age.

Mesothelioma incidence rates were derived in 10 year periods of time since first
exposed to asbestos at Wittenoom and for each five year period from 1960, by dividing
the number of cases in each time span by the number of person-years at risk in the same
time span and multiplied by 100,000. Those women who were lost to follow up were
censored at their date last known to be alive.

135

Exposure-response relationships were examined using a nested case-control analysis.
Cases were those women who were diagnosed with a cancer of interest during the study
period. Controls were all those not known to have been diagnosed with the same cancer
by the year of diagnosis of the case and who were the same age as the case, in five year
age-bands. Conditional logistic regression related asbestos exposure to cancer outcome.
Asbestos exposure measurements were not normally distributed and so were
transformed to their natural log. All analysis was undertaken using Stata 9.0.25

Results
Descriptive Results
There were 437 incident cancers in 387 women among the Wittenoom women between
1960 and 2005. The age at diagnosis ranged from 10 to 99 years. Cases were more
likely to arrive at Wittenoom in the 1940s and 1950s, and to be older on their arrival
than women who remained cancer free although their duration of residence at
Wittenoom was not significantly different (Table 4.8). There was no difference in
duration of residence between case and non cases, with 45% of all women staying at
Wittenoom for one year or less. Twenty percent of former ABA workers compared with
12% of former residents were diagnosed with a cancer. Cases had a greater intensity of
asbestos exposure and a greater cumulative asbestos exposure than non-cases. Among
former residents, 72% of those who developed a subsequent cancer had lived with an
ABA asbestos miner or miller and 35% reported washing the clothes of an ABA
worker.
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Table 4.8

Residential and asbestos exposure characteristics for all cancer cases
and non cases among the women from Wittenoom.

Year of Arrival at Wittenoom
1940s
1950s
1960s
1970s
Unknown
Total
Age of arrival at Wittenoom
<15 years
15-39 years
40+ years
Unknown
Total
Duration of residence at Wittenoom
Less than one year
One to less than three years
Three to less than five years
Five years or more
Unknown
Total
Average Intensity of exposure (f/ml)
<2 f/ml
2 - <5 f/ml
5 - <10 f/ml
10+ f/ml
Unknown
Total
Cumulative exposure (f/ml-years)
< 10 f/ml-years
10 - <20 f/ml-years
20 - <30 f/ml-years
30 - <40 f/ml-years
40+ f/ml-years
Unknown
Total
Worker
Resident
Live with ABA worker*
Wash clothes of ABA worker*

Cases

Non Cases

Total

N(%)

N(%)

N(%)

p-value

22 (6)
184 (48)
147 (38)
31 (8)
3 (1)
387

95 (4)
907 (35)
1174 (45)
382 (15)
23 (1)
2581

117 (4)
1091 (37)
1321 (45)
413 (14)
26 (1)
2968

p<0.01

65 (17)
252 (65)
67 (17)
3 (1)
387

1157 (45)
1164 (45)
227 (9)
33 (1)
2581

1222 (41)
1416 (48)
294 (10)
36 (1)
2968

p<0.001

175 (45)
91 (24)
62 (16)
57 (15)
2 (1)
387

1162 (45)
691 (27)
390 (15)
310 (12)
28 (1)
2581

1337 (45)
782 (26)
452 (15)
367 (12)
30 (1)
2968

p=0.328

128 (33)
235 (61)
15 (4)
6 (2)
3 (0)
387

908 (36)
1572 (62)
51 (2)
21 (1)
29 (1)
2581

1036 (35)
1807 (62)
66 (2)
27 (1)
32 (1)
2938

p=0.049

302 (78)
54 (14)
16 (4)
8 (2)
5 (1)
2 (0)
387
84 (20)
303 (12)
219 (72)
107 (35)

2161 (85)
257 (10)
82 (3)
31 (1)
21 (1)
29 (1)
2581
332 (80)
2249 (88)
1462 (65)
459 (20)

2463 (84)
311 (11)
98 (3)
39 (1)
26 (1)
31 (1)
2968
416
2552
1681 (66)
566 (22)

p=0.038
p<0.001
p=0.012
p<0.001

*Residents only

Incidence of Cancers
For all the Wittenoom women combined, the incidence of all cancers, malignant
mesothelioma and cancer of the lung, trachea and bronchus was greater than that of the
WA female population irrespective of which censoring method was used. The incidence
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of mesothelioma was 55 to 77 times greater than in the WA female population. The SIR
for lung cancer was 80% to 254% higher among the Wittenoom women than women in
the WA population. Regarding smoking status we have limited information. For all
women we have smoking information on 59% of whom 53% reported being an ever
smoker. Applying Axelson‟s adjustment to our data, we estimate that the lung cancer
SIR is raised by a factor between 1.4 and 1.5 due to confounding by smoking.26,27
Therefore SIR1 might be adjusted down to 1.27 and SIR2 to 1.75.

Among former ABA workers, the incidence of mesothelioma and lung cancer was
raised, compared to the WA female population irrespective of which censoring method
was used (Table 4.9). Thirty four percent of former workers responded to a smoking
questionnaire in 1979 and 49% reported currently smoking.

Applying Axelson‟s

adjustment attenuated the lung cancer SIR1 to 1.92 and SIR2 to 2.91. All cancers
incidence was increased with SIR2 (women lost to follow up censored at their date last
known to be alive). Cervical cancer was between 90% and 250% greater among the
Wittenoom workers than the WA female population, but this was not statistically
significant.

Among former residents of Wittenoom, the incidence of mesothelioma, all cancers and
lung cancer was increased compared with the WA female population, irrespective of
which censoring method was used. Sixty percent of residents returned a questionnaire in
the early 1990s and 26% reported currently smoking compared with 20% in the
Australian female population.

Applying Axelson‟s adjustment attenuated the lung

cancer SIR1 to 1.11 and SIR2 to 1.47. Former workers had greater SIRs for
mesothelioma, all cancers, lung cancer, cervical and ovarian cancer compared to former
residents.

Including those cancers (n=36) diagnosed before 1982 and their respective person years
at risk attenuated SIR1 to 0.96 (95%CI 0.87 – 1.06) and SIR2 to 1.23 (95%CI 1.111.36) for all cancers among all women (not shown). For the period 1960 to 1981 SIR1
was 2.50 (95%CI 0.52 – 7.31) and SIR2 was 3.25 (95%CI 0.67 – 9.53) for ovarian
cancer among former workers. Inclusion of these three ovarian cases increased the SIR1
for the period 1960-2005 to 1.25 (95%CI 0.34 – 3.21) and SIR2 to 1.73 (95%CI 0.47 –
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4.43). All other SIRs were moderately attenuated if the cases diagnosed prior to 1982
were included.
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Table 4.9

Standardised Incidence Ratios for malignant mesothelioma, 1960-2005 and specific cancers 1982-2005 for women from Wittenoom

Cancer
All Women
1960-2005
Malignant mesothelioma
1982-2005
All Cancers+
Lung, trachea & bronchus
Breast Cancer
Ovarian Cancer
Cervical Cancer
Corpus Uterine Cancer
Colorectal Cancer
Workers
1960-2005
Malignant mesothelioma
1982-2005
All Cancers+
Lung, trachea & bronchus
Breast Cancer
Ovarian Cancer
Cervical Cancer
Corpus Uterine Cancer
Colorectal Cancer
Residents
1960-2005
Malignant mesothelioma
1982-2005
All Cancers+
Lung, trachea & bronchus
Breast Cancer
Ovarian Cancer
Cervical Cancer
Corpus Uterine Cancer
Colorectal Cancer

ICDO-2 Code

C384, C481 - C482 & M9050-M9055
C000 – C809
C330 – C349
C500 – C509
C560 – C569
C530 – C539
C540 – C549
C180 – C209

Observed

SIR1* (95%CI)

47

55.9 (41.1 – 74.4)

330
45
82
10
12
12
31

C384, C481 - C482 & M9050-M9055

11

C000 – C809
C330 – C349
C500 – C509
C560 – C569
C530 – C539
C540 – C549
C180 – C209

65
15
13
1
3
2
6

C384, C481 - C482 & M9050-M9055

36

C000 – C809
C330 – C349
C500 – C509
C560 – C569
C530 – C539
C540 – C549
C180 – C209

265
30
69
9
9
11
25

1.12 (1.00 – 1.25)
1.84 (1.30 – 2.38)
0.89 (0.69 – 1.08)
0.98 (0.37 – 1.58)
1.13 (0.49 – 1.77)
0.98 (0.43 – 1.54)
0.76 (0.49 – 1.03)
64.7 (32.3 – 116)
1.13 (0.86 – 1.41)
2.88 (1.42 – 4.34)
0.78 (0.36 – 1.21)
0.50 (0.01 – 2.80)
1.89 (0.39– 5.51)
0.81 (0.10 – 2.91)
0.68 (0.14 – 1.22)
52.9 (37.1 – 73.3)
1.12 (0.99 – 1.26)
1.57 (1.01 – 2.13)
0.91 (0.69 – 1.12)
1.11 (0.39 – 1.84)
1.01 (0.35 – 1.67)
1.13 (0.46 – 1.79)
0.78 (0.48 – 1.09)

SIR2** (95%CI)
77.0 (56.6 – 102.5)
1.51 (1.35 – 1.68)
2.54 (1.80 – 3.29)
1.19 (0.93 – 1.44)
1.30 (0.49 – 2.11)
1.42 (0.62 – 2.23)
1.32 (0.58 – 2.07)
1.03 (0.67 – 1.40)
82.7 (41.3 – 148)
1.66 (1.26 – 2.06)
4.36 (2.15 – 6.57)
1.11 (0.51 – 1.72)
0.72 (0.02 – 4.01)
2.48 (0.51 – 7.25)
1.16 (0.14 – 4.20)
1.04 (0.21 – 1.87)
76.6 (53.6 – 106)
1.48 (1.30 – 1.66)
2.09 (1.34 – 2.84)
1.21 (0.92 – 1.49)
1.43 (0.50 – 2.37)
1.23 (0.43 – 2.03)
1.48 (0.61 – 2.36)
1.03 (0.63 – 1.44)

* minimum estimate - censored at earliest of: date of diagnosis, date of death, date aged 85 or end-date of State Cancer Registry follow-up. ** maximum estimate censored at earliest of: date of diagnosis, date of
death, date aged 85 or date last known to be alive. + For women with multiple cancers – first diagnosed cancer included in this analysis.
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Mesothelioma among workers and residents
There were 47 cases of malignant mesothelioma (46 pleural). The first woman was
diagnosed in 1975 and the youngest was aged 27.5 years. The proportion of ABA
workers with mesothelioma was double that of the residents 2.5% and 1% respectively.
There was no significant difference in age of arrival (p=0.069) at Wittenoom for
workers or residents with mesothelioma or year of arrival (p=0.168) although residents
stayed longer at Wittenoom than workers (p=0.003). The median length of stay at
Wittenoom for a worker was 2.2 years (IQR 0.4 – 2.7 years) and for a resident 4.5 years
(IQR1.9 – 6.4 years). Therefore cumulative asbestos exposure was significantly greater
for residents, median 12.2 f/ml-years (IQR 5.8 – 25.5 f/ml-years), than for workers,
median 3.6 f/ml-years (IQR 0.89 – 14.4 f/ml-years). There was no difference in the
intensity of asbestos exposure between workers and residents who subsequently
developed mesothelioma; workers median 1.7 f/ml (IQR 1.4 – 5.3 f/ml), compared with
residents 3.1 f/ml (IQR 2.1 – 4.2 f/ml), although the exposure measurements were
derived differently for workers and residents (see Methods). The first case of
mesothelioma in a worker occurred 24.6 years after first exposure to asbestos (e.g.
arrival date in Wittenoom) and 23.5 years in a resident. The time from first exposure to
onset of mesothelioma ranged from 23.5 years to 51.8 years (median 38 years) and was
shorter for workers (median 34.1 years, IQR 27.1 – 38.6 years) than for residents
(median 39.3 years, IQR 34.7 – 43.6 years). The incidence rate among workers appears
to have peaked 30 to 39 years after first exposure, with only one case occurring more
than 40 years after first exposure. For residents, peak incidence occurred after more than
40 years. At every 5-year period after 1975 the incidence rate was greater among
workers than residents and appears to be still increasing (Table 4.10). The doubling of
mesothelioma rates among the former workers and their shorter latency period
compared to the residents suggests that the asbestos exposure measurements for the
workers underestimates their actual exposure.
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Table 4.10

Malignant mesothelioma incidence rate, per 100,000 person years, by time since first exposure and year of diagnosis among the
Wittenoom women
Time Since First Exposure
All Women
Workers
Residents
Observed Rate* (95% CI) Observed Rate* (95% CI) Observed Rate* (95% CI)
0-19 years
20-29 years
30-39 years
40+ years

0
8
20
19

35 (17–70)
119 (77–184)
256 (163–401)

3
7
1

101 (33–314)
304 (145–637)
114 (16 – 811)

0
5
13
18

25 (10–60)
90 (52–154)
275 (173 – 436)

Year of Diagnosis
1960-64
1965-69
1970-74
1975-79
1980-84
1985-89
1990-94
1995-99
2000-05

0
0
0
3
4
5
14
8
13

24 (8 – 76)
33 (12 – 88)
42 (18 – 102)
127 (75 – 214)
84 (42 – 168)
193 (112 – 332)

0
0
0
1
1
1
3
1
4

63 (9 – 446)
67 (9 – 476)
71 (10 – 503)
236 (76 – 733)
94 (13 – 664)
542 (203 – 1444)

0
0
0
2
3
4
11
7
9

19 (5 – 75)
28 (9-–88)
39 (14 – 103)
112 (62 – 203)
83 (39 –174)
150 (78 – 288)

*Women lost to follow up censored at date last known to be alive.
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Exposure-response relationships - mesothelioma
The risk of mesothelioma stratified by worker and resident status and adjusted for time
since first exposure and age, significantly increased with every unit increase in log f/mlyears (Table 4.11). Among workers the risk increased 75% for every unit of log f/mlyear. For residents this risk was almost three-fold. The risk of mesothelioma increased
for those residents who had washed the clothes of OR=1.68 (95%CI 0.66 -4.29) or lived
with OR=2.57 (95%CI 0.96 – 6.84) an ABA asbestos worker (not shown).
Table 4.11

Cancer

Exposure-response relationships* between cumulative asbestos
exposure, malignant mesothelioma adjusted for age and time since first
exposure, among all Wittenoom women and among former workers and
residents separately.
Odds Ratio (95%CI)

p-value

Workers
Malignant Mesothelioma 11 cases min 8 max 297 non cases
Cumulative exposure log(f/ml-years)
1.77 (1.11 – 2.82)

0.017

Cancer of the lung, trachea and bronchus 18 cases, min 3 max 283 non cases
Cumulative exposure log(f/ml-years)
1.25 (0.90 – 1.72)

0.179

Residents
Malignant Mesothelioma 36 cases, min 68 max 1632 non cases
Cumulative exposure log(f/ml-years)
2.73 (1.94 – 3.82)

<0.001

Cancer of the lung, trachea and bronchus 37 cases, min 44 max 1563 non cases
Cumulative exposure log(f/ml-years)
1.09 (0.83 – 1.41)
0.543

*Women lost to follow up censored at date last known to be alive
Lung Cancer
The risk of lung cancer stratified by worker and resident status and adjusted for time
since first exposure and age increased with every unit of log f/ml-years but not
significantly. The risk of lung cancer increased in those residents who lived with an
ABA worker OR=2.61 (95%CI 1.09 – 6.21). There was no increase in lung cancer risk
among those residents who washed the clothes of an ABA worker, OR=1.14 (95%CI
0.46 – 2.81). Among the 55 cases of lung cancer, 14 were adenocarcinomas, 7
squamous cell, 8 small cell, 3 large cell and 23 of indeterminate histology. Further
143

examination of the adenocarcinomas showed non-significant increases in risk with
quantitative measures of the intensity of asbestos exposure (f/ml) (OR=1.87 95%CI 0.82
– 4.27), the length of stay at Wittenoom (OR=1.07 95%CI 0.98 – 1.16) and cumulative
asbestos exposure (f/ml-years) (OR=1.43 95%CI 0.92 – 2.24).

Discussion
The impact of exposure to blue asbestos on subsequent cancer incidence among the
women of Wittenoom has been cruel. Although the time they spent at Wittenoom was
short (median 1.3 years), 47 women developed mesothelioma. A further 55 women
developed lung cancer.

Compared with the Western Australian female population

Wittenoom women had a significantly greater risk of all cancers, cancer of the lung,
trachea and bronchus and malignant mesothelioma. There was a significant exposureresponse relationship between asbestos exposure and malignant mesothelioma for both
workers and residents, but not lung cancer.

Our findings are similar to those few studies that have looked at mortality outcomes in
women exposed to asbestos in their workplace. World War II gas mask workers
subsequently experienced high mortality from mesothelioma SMR=111.5(95%CI 84.5 146.8), respiratory cancer SMR=2.5(95%CI 1.7 – 3.5) and carcinomatosis SMR=3.2
(95%CI 1.8-5.4) with evidence of increased risk related to duration of exposure.8
Among a second group of gas mask workers in England rates were also increased for
cancer of the lung and pleura SMR=2.41 (95%CI 1.35-3.97) and cancer of the ovary
SMR=2.75(95%CI 1.42 – 4.81) but exposure-response was not examined.9

Following up women for decades in cohort studies is difficult given the frequency of
name changes due to marriage and divorce and the extent of migration over the period.
This may explain why women are often excluded from such studies. We have used
various means to reduce our loss to follow up; tracing on the electoral roll (voting is
compulsory in Australia and the electoral roll is carefully maintained), searches of the
electronic white pages and participation in a cancer prevention program.15 Italian
migrants to Wittenoom who subsequently returned to Italy have been traced in Italy, but
this information relates to male ABA workers and not their wives or families.28 Twenty
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two percent of the women were defined as lost to follow up most from the time they left
Wittenoom. The difficulty maintaining follow-up on this cohort of women may have led
to an underestimation of asbestos-related cancers.

We had only limited information on tobacco smoking in this cohort.

Applying

Axelson‟s adjustment to our lung cancer SIRs reduced them substantially, although for
women workers the risk remains double that of the WA female population, and for all
women there remains a 27% increase (SIR1). The high rates of smoking in this cohort
probably increased the risk for all cancers reported among this cohort and may have
increased cervical cancers among the women workers.29

There is no association

between tobacco smoking and risk of mesothelioma.

The mesothelioma incidence rates reported here (35-256 per 100,000 person-years) are
among the highest for any known group of women in the world. The age standardised
rate for Western Australian women in 2005 was 0.9 per 100,000.30 Internationally;
among women with environmental exposure in Casale Monferrato Italy, incidence rates
of 2.3 to 5.1 per 100,000 person years were reported31, whilst Camus et al report
incidence rates among women of 67.5 per million person years and 13.7 per million
person years in the Thetford and Asbestos areas respectively of Quebec for the period
1970-1989.32 For the period 1979 to 1990 incidence rates of 95.9 per million were
reported for women in Manville, New Jersey, where the largest asbestos manufacturing
plant in the United States was located.33 The women at Wittenoom were exposed
exclusively to crocidolite, whereas the women in the other studies were exposed
primarily to chrysotile. The mesothelioma mortality rate reported for former gas mask
workers exposed mostly to crocidolite for the period 1956-2003 was 138.1 per 100,000
person years8, which is between the rates for the Wittenoom residents and the ABA
workers.

The duration of residence at Wittenoom was short. Forty five percent of women, cases
and non cases, lived at Wittenoom for one year or less. Among those women who
subsequently developed mesothelioma the median duration of residence was also short
at 2 years for workers and 4.5 years for residents. Other asbestos exposed cohorts with
high mortality and cancer incidence report short durations of exposure. Among female
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British gas mask workers (exposed to Wittenoom crocidolite) the duration of
employment was also short with 35% employed for less than six months and only four
percent employed for longer than 5 years. Those women employed for less than one
year showed excess mortality from all cancers and lung cancers after 33 years of follow
up.7 Similarly for the largely male ABA miners and millers the median period of
employment was brief at four months.2

Possibly a short but intense exposure to

asbestos is more harmful than a longer exposure at lower levels.

This study found that ABA workers had a greater risk for mesothelioma and lung cancer
than residents. This observation has been reported earlier among Wittenoom workers
and residents participating in a Vitamin A cancer prevention program.46 The exposure
measurements for the workers and residents were derived using different types of data,
which could be one possible explanation for this difference. Workers‟ exposures were
derived from one comprehensive dust survey undertaken in 1966 across various
workplaces in the mine and mill.19 Exposures for the residents were derived from this
comprehensive survey as well as various other studies using personal monitors over the
1970s to early 1990s.10 Using results from several surveys may have increased the
possibility of measurement error, although it may also have allowed better measurement
as more data were available therefore reducing the amount of interpolation between
surveys over time. Any measurement error or bias is likely to be non differential
because it would not differ with disease status.

The effect of non differential

misclassification on the asbestos mesothelioma association would be to attenuate the
results towards the null and so lessen the association shown for residents. Further, the
asbestos exposure measurements are likely to be underestimates for the former worker
women. Most women did not work in the mine or mill or even on the site of operations,
but in the town. However where women did work onsite they tended to work in the
company office which was located downstream of the mill. The fly screens in the office
were covered with dust and words could be written on the fibres that settled on the
desks. Women workers in the office were not offered the annual chest x-rays given to
the miners and millers.34 Those who worked in the hotel and shop in town were also in
contact with workers who would enter in their dusty work clothes.

Examination of differences between women workers and residents with mesothelioma
revealed no difference in their age of arrival at Wittenoom or their year of arrival.
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Residents tended to live at Wittenoom longer than workers. Of the eleven workers who
developed mesothelioma only one had worked in the bagging room in the mill
(probably the „dirtiest‟ area in terms of asbestos dust in Wittenoom); three others had
worked as Clerks in the office, which was located within one kilometre of the mill 34;
one worked in the Canteen (also near the mill), two worked as assistants in the
Company shop in the town and two worked as Barmaids in the hotel in the town, and
we had missing information for three women. Worker women may have also have had
domestic exposure (most women were at Wittenoom with their husbands who were
employed in the mine or mill) and we know that some of the Wittenoom women
laundered other ABA workers clothes (in an attempt to increase savings so that they
could leave Wittenoom sooner).35

Unfortunately we do not have information on

domestic exposure among the female workers.

We found that domestic exposure

tended to increase the risk of malignant mesothelioma in the residents. Chrysotile
samples taken from inside asbestos miners and millers houses in the United States
ranged from a minimum of 50 – 100ng/m3 to a maximum between 2000 – 5000 ng/m3.36
If these figures are comparable to the levels that Wittenoom women were exposed to in
their houses then it is not a large addition to their already high exposure obtained from
their workplaces. A study among the wives of asbestos cement factory workers in
Casale Monferrato, Italy reported excess mortality from cancer of the pleura SMR=792
(95%CI 216 – 2,029) following only domestic exposure to asbestos. These women lived
in the same township as the asbestos cement factory (as did the Wittenoom women) so
it was not possible to disentangle the environmental and domestic exposure.37 A metaanalysis examining domestic and neighbourhood exposure and risk of pleural
mesothelioma reported an RR=8.1 (95%CI 5.3 – 12) for domestic exposure and RR=7.0
(95%CI 4.7 – 11) for neighbourhood exposure.38

This study found that the latency period between exposure to blue asbestos at
Wittenoom and diagnosis with malignant mesothelioma in ABA workers was
significantly shorter than that in residents and consequently the incidence rate in
workers appears to have peaked earlier than that of the residents.

We have earlier

reported a longer latency period in Wittenoom residents compared with the Wittenoom
(male) ABA workers.14 A longer latency period is consistent with the lower risk for
mesothelioma experienced by residents compared with workers.

Metintas et al
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suggested that a higher level of asbestos exposure (as seen in occupational versus
environmental exposure) might shorten the latency time.39

The pattern of mesothelioma incidence rates in the women workers shows a different
pattern to that of the male ABA workers. The first cases of mesothelioma among the
male workers developed between 10 and 19 years since first exposure whereas for
women this was 20 – 29 years.

On the other hand the mortality rate for the male

workers was of a similar magnitude to the women‟s incidence rate for the periods 20 –
29 years (115 per 100,000 person years) and 30 – 39 years (281 per 100,000 person
years) since first exposure.23 The rate among male workers continued to increase in
those with 40 or more years since first exposure (364 per 100,000 person years) unlike
the women worker‟s rate that appeared to decline among those with 40 or more years
since first exposure. The median estimated cumulative exposure for male workers was
6.0 f/ml-years compared to 0.5 f /ml-years for women workers.2 More than 600 women
residents came to Wittenoom after the mine and mill closed in December 1966, when
exposure levels in the town were substantially lower than during the period of mill
operation. To the end of 2005 one of these has subsequently developed mesothelioma.

To date there have been no new cases of mesothelioma among women who were first
exposed to asbestos more than 52 years ago. However this may change as the median
time since first exposure was 37 years (IQR 27 – 44 years) as at the end of 2005.
Among female gas mask workers exposed to crocidolite no cases of mesothelioma arose
more than 51 years after first exposure8 and among workers at the „Eternit‟ asbestos
cement factor in Casale Monferrato, Italy latency of more than 50 years was associated
with a reduced risk of mesothelioma, although with wide confidence intervals.40
Similarly Musk et al found that the rate of mesothelioma appeared to level off after 50
years since first exposure in the Wittenoom workers.41 This suggests that crocidolite
fibres are eventually cleared from the mesothelium. Fibre clearance has been observed
in experiments in rats42 and baboons.43 Lung fibre counts at post-mortem from female
gas mask workers exposed to a high intensity but relatively short duration of crocidolite
asbestos suggested a rate of clearance of approximately 15% per annum.44 Longer
follow up is necessary to determine if the risk of mesothelioma levels off or even
decreases after 50 years have passed since first exposed to asbestos.

148

Conclusion
Forty years after the asbestos mine and mill at Wittenoom were closed, there is a high
toll from cancer among the former female residents of the town and company workers.
Women from Wittenoom have greater rates of mesothelioma and possibly lung cancer
than women in the WA population.

There was a significant exposure-response

relationship with mesothelioma but not lung cancer. There were fewer cases of
mesothelioma, a different pattern of incidence, lower asbestos exposure and no
demonstrated exposure-response relationship for lung cancer among the women
compared to the largely male ABA workers.

These differences emphasise the

importance of examining women and men separately, where possible, with regards to
disease outcome.
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Abstract
Objectives: Knowledge of mortality patterns following exposure to asbestos have been
determined mostly from cohort studies of men who were exposed to asbestos in their
workplace. Women are more likely to have obtained their asbestos exposure
domestically or from their environment.
Methods: 2,552 women and girls are documented to have lived in the blue asbestos
mining and milling township of Wittenoom between 1943 and 1992 and were not
involved with asbestos mining or milling. Quantitative asbestos exposure measurements
were derived from periodic dust surveys undertaken in the industry and around the
township. Death records were obtained for the period 1950 to 2004. Standardised
Mortality Ratios were calculated to compare the Wittenoom women‟s mortality with the
Western Australian female population.
Results: There were 425 deaths, including 30 from malignant mesothelioma. There was
excess mortality for all causes of death (SMR=1.13), all neoplasms (SMR=1.42),
symptoms, signs and ill defined conditions (SMR=6.35), lung cancer (SMR=2.15), and
pneumoconiosis (SMR=11.8). Mortality from cancer of the ovary (SMR=1.52), upper
aero-digestive cancers (SMR=2.70) and tuberculosis (SMR=5.38) was increased but not
significantly. The risk of death from mesothelioma was increased but not significantly,
in residents known to have lived with or washed the clothes of an ABA asbestos worker
(HR=2.67 95%CI 0.77-9.21), (HR=2.61 95%CI 0.85-7.99), respectively.
Conclusion: Women who were former residents of Wittenoom, exposed to asbestos in
their environment or in their home, have excess cancer mortality, including
mesothelioma, compared with the Western Australian female population.
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Introduction
Knowledge of mortality patterns following exposure to asbestos have been determined
mostly from cohort studies of men who were exposed to asbestos in their workplace;
asbestos mining and milling1,2, manufacturing asbestos insulation and textiles3, asbestos
cement4, shipyard workers5, and insulators.6 When women worked in these industries
they were a small subset of the cohort; female East London factory workers7, World
War II gas mask assemblers8,9, Danish asbestos cement workers4, German women
exposed in various workplaces10 and Italian women compensated for asbestosis.11 More
than 1,000 women worked in asbestos textile factories in Italy12 and the United States.13
However, women are more likely to have obtained their asbestos exposure
domestically; washing the clothes of an asbestos worker14,15, or from their general
environment; living close to an asbestos mine, mill or manufacturing industry,16-19 or
living in some other environment contaminated with asbestos.20,21 Few studies
examining women with this type of exposure have looked at all the causes of mortality,
instead focusing on malignant mesothelioma16,18,21All of the earlier studies assessing
women and asbestos exposure had limitations: small numbers of women examined or an
absence of quantitative exposure measures and so the inability to examine exposureresponse relationships.

The township of Wittenoom, located in remote Western Australia (WA), was formed to
support the crocidolite mine and mill which operated from 1943 to 1966 by the
Australian Blue Asbestos Company (ABA). The original settlement was located within
Wittenoom Gorge, 1.6km from the first minesite, but as the workforce grew, the town
of Wittenoom was built at the entrance to the Gorge, about 12 km away from the mine.
Tailings from the mine, rich in crocidolite fibres, were used throughout the town to pave
roads and footpaths, parking areas, and the school playground, and for reducing the red
dust in back-yards. The use of tailings in the town did not stop until the mid 1960s.
Vehicle movement over the roads raised a great deal of dust. Airline pilots claimed they
homed in on Wittenoom from considerable distances by identifying the blue haze on the
horizon. The State Government commenced decommissioning the town in the 1980s
but it was not until 1992 that all Government-owned buildings were demolished and
new residents to the town were discouraged.22
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The aims of this paper are: (i) to examine the causes of death of the women of
Wittenoom who were exposed to asbestos in their environment or home and (ii) to
examine the exposure-response relationship between mortality outcomes and
quantitative measures of asbestos exposure.

Methods
Wittenoom Residents’ cohort
Establishment of the Wittenoom residents‟ cohort has been described before.19 The
main sources used to identify the cohort and the percent of people they identified are:
state primary school records (22%), hospital records (20%), the electoral roll for the
Pilbara district (12%), participants in a cancer prevention program23 and associated
publicity (18%), questionnaires sent to ABA workers (14%) and Wittenoom birth
records (4%). Other sources included records from the Asbestos Diseases Society of
WA, the Catholic Church, Wittenoom burial records, employment lists from the school,
hotel, police, hospital and banks (10%).24 Five thousand and ninety seven people were
identified as being former residents of Wittenoom, not employed in asbestos mining or
milling, from 18,553 records collected.19

A questionnaire was sent to all persons traced to an address in Australia between 1991
and 1993 (N=3,244, 64%) excepting those participating in a cancer prevention program
from whom the information had already been obtained (N=641, 13%). Demographic
information, date, length and place of residence at Wittenoom, any work they did at
Wittenoom, whether they lived with an asbestos worker, washed the clothes of an
asbestos worker, smoking and past medical history were collected.24

Consideration of questionnaire responses resulted in 438 people being deleted from the
cohort for various reasons including; denied being at Wittenoom, duplicate records, no
details of birth or period of residence or lived at Wittenoom for less than one month.
Therefore the follow up status of the cohort to the end of 1993 was; 2,173 (47%) had
returned a questionnaire; 641 (14%) were participating in the Vitamin A program; 460
(10%) were dead; 55 (1%) had permanently departed Australia, 785 (17%) had not
returned a questionnaire and 549 (11%) had whereabouts unknown since leaving
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Wittenoom.20 Among those who did not return a questionnaire, remained untraced or
were dead; if they were related to an ABA worker dates and place of residence were
assumed the same as those of the worker. For those unrelated to an ABA worker dates
of residence were assumed the same as other family members provided that at least one
family member had known exposure. Dates of residence were taken as those found on
the various sources used to establish the cohort for all other residents. If the untraced
person was the wife of a worker it was assumed that she washed his clothes.20,25 The
residents‟ cohort was considered complete when comparisons between it and the
population of Wittenoom recorded at various census dates showed a close
correspondence.19

Since 1993 work has continued on the development of the cohort and this accounts for
any difference in the number of subjects from those earlier reports.19,20,25 As at the end
of 2000 there were 2,608 women and 2,160 men in the residents cohort.26

Follow up of Wittenoom women
In 2005 and 2006 to update our follow up of the women from Wittenoom, all females
without a death record and who were not attending a cancer prevention program23, and
who were not located on the Electoral Roll for Western Australia were searched for in
the Marriage Register of WA to determine if a change of surname had occurred. The
search commenced from the year they were last known to be alive. Death certificates of
any spouse or birth, death and marriage certificates of children were also sought in an
attempt to obtain the wife or mother‟s maiden name and date of birth. Two hundred and
thirty five women were identified as having changed their surname. Fifty six women
were excluded from the cohort because they had insufficient identifying information
(missing date of birth, first name etc) or because they were residents of Wittenoom for
less than one month. This left 2,552 women in the cohort.

Asbestos Exposure Assessment
Between 1948 and 1958, periodic measurements of dust concentrations were taken in
the mine and the mill by the Mines Department of WA using a konimeter. 1 The first
fibre count survey on the Wittenoom environment as well as the mine and mill was
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conducted in 1966 for the Mines Department of Western Australia using a Casella long
running thermal precipitator.1 Monitoring next occurred in 1973 when dust samples
were obtained from personal and fixed positional monitors in and around the township.
Further samples were taken in 1977, 1978, 1980, 1984, 1986 and 1992.25 Based on these
surveys, former residents of the township of Wittenoom not working directly with
asbestos were assigned an intensity of exposure of 1.0 fibre per millilitre of air (f/ml)
from 1943 to 1957, when a new mill was commissioned and then 0.5 f/ml between 1958
and 1966, when the mining operations ceased.20,25 Interpolation between those surveys
which used personal monitors assigned exposures from 0.5 f/ml in 1966 to 0.010 f/ml in
1992.

Cumulative exposure was calculated by summing over all years of residence the product
of fibre concentration for each year and length of time spent in Wittenoom during that
year. This figure was adjusted by a factor of 4.2 [(24X7)/(8X5)] to allow for continuous
24 hour exposure rather than the eight hour a day five days a week measurement
method used to determine the fibre levels.20,25 The average intensity of exposure was
calculated by dividing cumulative exposure with duration of residence at Wittenoom.

Case Ascertainment
The cohort was linked to the Western Australian Registrar General‟s Mortality Database
to the end of 2004. National deaths to the end of September 2000 (for those women not
resident in Western Australia) were obtained from the National Death Index and linked
by the Australian Institute of Health and Welfare. Cause of death as recorded on the
death certificate was defined using the International Classification of Disease (ICD),
Revisions 7-10 as appropriate for the time period. Expected numbers of deaths were
estimated using age, period and cause specific death rates calculated for the Western
Australian female population in five year periods from 1970 to 2004. Death rates for the
period 1970-74 were used to calculate expected rates from the person-years
accumulated for the first period of 1950-1969 as period specific rates were not derived
separately for those years. Standardised Mortality Ratios (SMRs) were calculated as the
ratio of the observed deaths to expected deaths. Confidence intervals were assessed by
treating the observed number as a Poisson count with expectation equal to the particular
expected numbers. Given that many of the women (21%) (Table 4.12) were lost to
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follow up and the almost complete ascertainment of deaths in WA, the usual method for
calculating expected deaths would lead to a probable overestimate of risk.1 Therefore
two methods were used to derive expected deaths, to show a minimum and maximum
estimate of effect, based on differing censoring dates. The first method assumed that all
women not known to be dead and not known to have migrated were alive at the end of
2004 (or if they were residents of other Australian states alive until September 2000).
This assumes that all those who were lost to follow up remained alive to the end of
follow-up and is therefore likely to overestimate person-years at risk and so
underestimate the SMR. The second method censors women at their date last known to
be alive if they were not known to be dead or to have migrated and is therefore likely to
underestimate person-years at risk and so overestimate the SMR. Both methods
censored women at age 85 years if they were not known to have died before that age.

Ethics approval was obtained from the Human Research Ethics Committee of the
University of Western Australia.

Exposure-response relationships
A nested case-control design was used to examine exposure-response relationships.
Cases were those women who died of an event of interest during the study period.
Controls were those not known to have died by the year of death of the case and who
were the same age as the case, in five year age-bands. Controls could be controls for
more than one case and cases could be controls in years prior to their death. All eligible
controls were used in the analysis rather than a fixed number of controls per case in
order to maximise information. Conditional logistic regression was used to relate
asbestos exposure to mortality outcome. Skewed asbestos exposure measurements were
transformed to their natural log. All analysis was undertaken using Stata 9.0.27
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Results
Follow up
Of the former female residents of Wittenoom, 1,586 were known to be alive at the end
of 2004 (Table 4.12). Four hundred and twenty five were dead and 541 (21%) were lost
to follow up, most having not been traced beyond the date that they left Wittenoom.

Table 4.12

Details of follow up of the women from Wittenoom who did not directly
work with asbestos.

Follow Up Status as
At 31/12/2004
Alive
Dead

N
(%)
1586 (62)
425 (17)

Lost to follow up
Total

541 (21)
2552

Most women arrived at Wittenoom in the 1950s and 1960s (Table 4.13). Forty four
percent were aged between 15 and 40 years when they first came to Wittenoom, whilst
46% arrived as children aged less than 15 years or were born there. Forty percent stayed
for less than one year, with the median length of stay being 484 days (range 183-1,096
days). Fifty nine percent stayed longer than one year. Ninety nine percent of residents
had asbestos intensity exposures estimates less than 5 f/ml. Eighty one percent had
estimated cumulative asbestos exposure measurements less than 10 f/ml-years. The
median estimated cumulative exposure for all resident women was 3.15 f/ml-years
(range 1.23-7.35 f/ml-years). Sixty four percent of former residents lived with an ABA
asbestos worker while they were at Wittenoom and 22% reported washing the work
clothes of an ABA asbestos worker (Table 4.13).
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Table 4.13

Characteristics of asbestos exposure in 2,552 Wittenoom women and
girls who did not work directly with asbestos

Year of arrival at Wittenoom
1940s
1950s
1960s
1970s
Unknown
Age of arrival at Wittenoom
<5 years
5 -<15 years
15 - <40 years
40 years and older
Unknown
Duration of residence
< 1 year
1 -<3 three years
3 -<5 five years
5 years or more
Unknown
Average Intensity of exposure
(cumulative exposure*/years)
< 2 f/ml
2 -<5 f/ml
5- <10 f/ml
10+ f/ml
Unknown
Cumulative asbestos exposure*
(f/ml-years)
0-9.9 f/ml-years
10-19.9 f/ml-years
20-29.9 f/ml-years
30-39.9 f/ml-years
40+ f/ml-years
Unknown
Total
Lived with Asbestos Worker
Yes
No
Unknown
Washed Clothes of ABA worker
Yes
No
Unknown

N
106
907
1101
413
25

(%)
(4)
(35)
(43)
(16)
(1)

750
442
1129
206
25

(29)
(17)
(44)
(8)
(1)

1027
693
439
363
30

(40)
(27)
(17)
(14)
(1)

722
1790
2
7
31

(28)
(70)
(0)
(0)
(1)

2070
295
93
39
24
31
2552

(81)
(12)
(4)
(1)
(1)
(1)

1638
862
52

(64)
(34)
(2)

566
1290
696

(22)
(51)
(27)

* Adjusted by a factor of 4.2 [(24X7)/(8X5)] to convert 8 hour/5 day a week exposures
to 24 hour/7 day a week exposures
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Mortality
There were 425 deaths in the cohort between 1950 and the end of 2004. Six of these
deaths were excluded from further analysis because of missing data.
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Table 4.14

Mortality 1950 to 2004 from All Causes and Chapters of the International Classification of Diseases in the Wittenoom women, who did
not work directly with asbestos.
Cause of Death
ICD Chapter
N
SMR1* (95% CI)
SMR2** (95% CI)
5-9 & 10
All Causes
419
0.98 (0.89-1.08)
1.13 (1.02-1.24)
Infections
I & A, B
6
1.12 (0.41-2.45)
1.27 (0.47-2.77)
Neoplasms
II & C, D to D489
149
1.18 (1.00-1.39)
1.42 (1.20-1.67)
Endocrine
III & E
18
1.40 (0.83-2.21)
1.66 (0.98-2.62)
Blood
IV & D50-D89
1
0.88(0.02-4.89)
1.00 (0.03-5.57)
Mental Disorders
V&F
5
0.72 (0.23-1.68)
0.76 (0.25-1.78)
Nervous Disorders
VI & G, H
8
0.72 (0.31-1.42)
0.81 (0.35-1.60)
Circulatory System
VII & I
135
0.83 (0.70-0.99)
0.94 (0.79-1.11)
Respiratory System
VIII & J
31
1.16 (0.79-1.65)
1.33 (0.90-1.89)
Digestive System
IX & K
9
0.62 (0.28-1.18)
0.71 (0.33-1.36)
Genitourinary System
X&N
5
0.70 (0.23-1.64)
0.82 (0.27-1.91)
Pregnancy Complications
XI & O
0
Skin
XII & L
0
Musculoskeletal
XIII & M
2
0.71 (0.09-2.58)
0.82 (0.10-2.95)
Symptoms/Signs/Ill Defined XVI & R
19
5.71 (3.44-8.91)
6.35 (3.83-9.92)
Accidents/Injury/Poisoning
XVII & V to Y989
19
0.73 (0.44-1.14)
0.82 (0.50-1.28)
*Women lost to follow up censored at 31/12/2004
**Women lost to follow up censored at date last known to be alive
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Mortality from all causes was around 1.0 for SMR1 (women lost to follow up censored
at December 2004) and was increased by 13% for SMR2 (women lost to follow up
censored at date last known to be alive) (Table 4.14). Mortality from neoplasms and
symptoms, signs and ill defined conditions was significantly greater than that of the WA
female population irrespective of which censoring method was used. Mortality from
circulatory diseases was significantly lower in this cohort (SMR1), than the WA female
population.

Of the 19 women whose cause of death was recorded as symptoms, signs and ill defined
conditions, two were coded as dehydration whilst the remainder were unknown.

More specific causes of death showed that mortality from lung cancer and
pneumoconiosis (asbestosis) was significantly raised irrespective of which censoring
method was used (Table 4.15). Mortality from upper aero-digestive cancers, bronchitis
and emphysema, cancer of the ovary and tuberculosis was increased irrespective of
which censoring method was used, but not statistically significantly. Mortality from
cancer of the small intestine and cancer of the colon and rectum were less (SMR1) in
the Wittenoom women than in the WA female population.
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Table 4.15
Specific causes of mortality among former Wittenoom women, 1950 to 2004
Cause of Death
N
SMR1* (95% CI)
SMR2** (95% CI)
Malignant Mesothelioma
30
Cancer of Lung & Trachea
30
1.74 (1.17-2.48)
2.15 (1.45-3.07)
Cancer of the Breast
29
1.05 (0.80-1.71)
1.42 (0.95-2.03)
Cancer of the Ovary
9
1.26 (0.58-2.40)
1.52 (0.69-2.88)
Cancer of the Cervix
5
1.14 (0.37-2.66)
1.33 (0.43-3.10)
Cancer of the Uterus
1
0.48 (0.01-2.65)
0.57 (0.01-3.20)
Cancer of the Larynx Upperaero0
4
2.27 (0.62-5.82)
2.70 (0.74-6.92)
digestive Cancers#
Cancer of the Oesophagus
1
0.53 (0.01-2.95)
0.64 (0.02-3.55)
Cancer of the Stomach
3
0.64 (0.13-1.88)
0.76 (0.16-2.22)
##
9
0.52 (0.24-0.99)
0.62 (0.28-1.17)
Cancer of the Intestine
Cancer of the Pancreas
3
0.53 (0.11-1.56)
0.66 (0.14-1.91)
Cancer of the Kidney
0
Cancer of Colon and Rectum
10
0.58 (0.28-1.07)
0.69 (0.33-1.28)
Lymphoma
4
1.29 (0.35-3.30)
1.65 (0.45-4.23)
Pneumoconiosis
2
10.5 (1.27-38.0)
11.8 (1.42-42.5)
Bronchitis & Emphysema
10
1.72 (0.82-3.15)
2.05 (0.98-3.78)
Tuberculosis
1
4.76 (0.12-26.5)
5.38 (0.14-30.0)
Cirrhosis
1
0.47 (0.01-2.64)
0.56 (0.01-3.13)
Alcoholism
2
2.25 (0.27-8.12)
2.56 (0.31-9.26)
Peptic Ulcer
1
0.45 (0.01-2.49)
0.51 (0.01-2.81)
Other Mental Disorders
3
0.50 (0.10-1.45)
0.52 (0.11-1.52)
Transport Accidents
9
0.84 (0.38-1.59)
0.94 (0.43-1.79)
Suicide
3
0.51 (0.10-1.48)
0.58 (0.12-1.70)
*Women lost to follow up censored at 31/12/2004, **Women lost to follow up censored at date last known to be alive
#ICD codes (7)1400-1489, 1600-1609 (8-9) 1400-1499, 1600-1609, (10) C000-C148, ##ICD codes (7,8,9) 1520-1541, (10) C17-C209
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We were not able to fully assess the impact of tobacco smoking on lung cancer
mortality because we do not have smoking information for all of the women. Of the
60% of women residents who completed a smoking questionnaire in the early 1990s,
26% reported currently smoking, compared with 20% in the Australian female
population.28 Using these figures and applying Axelson‟s adjustment,29 we estimate that
the SMR for lung cancer was increased by a factor of 1.42 due to confounding by
smoking. So SMR1 might be adjusted down to 1.23 and SMR2 to 1.51.

Malignant Mesothelioma
There were thirty deaths from malignant mesothelioma of the pleura. The first death
from mesothelioma, in a woman aged 74 years, occurred in 1975, 23 years after being
first exposed to asbestos. Cases had a greater intensity of asbestos exposure, a longer
duration of residence at Wittenoom and therefore a greater cumulative asbestos
exposure than controls. Twenty six (90%) lived with an ABA asbestos worker and 16
(53%) reported washing the clothes of an ABA asbestos miner or miller (Table 4.16).

Table 4.16

Characteristics of cases of malignant mesothelioma and controls, among
the former Wittenoom women
Cases
Controls
n=30
n=2522
Lived with asbestos worker %
90.0
65.6
Washed clothes of asbestos worker %
53.3
21.8
Time since first exposure (years)*
38.3
40.6
Intensity of exposure (f/ml)*
3.1
2.68
Cumulative Asbestos Exposure (f/ml-years)*
16.8
7.34
Duration of Residence (years)*
5.4
3.06
*Mean of the mean of each set of matched controls
Of the 30 known cases of malignant mesothelioma of the pleura in this cohort, 14 were
recorded on the death certificate as having died from malignant neoplasm of the pleura,
6 with malignant mesothelioma of the pleura, one with mesothelioma of other sites and
one with mesothelioma site unspecified. Three were recorded as having died from lung
cancer, one from renal disease, one from a malignancy with ill defined or unspecified
site, one with a benign neoplasm of the pleura, one with asbestosis and one had no
cause of death coded. There were no deaths from peritoneal mesothelioma.
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Exposure-response relationships
Mortality from mesothelioma was significantly associated with cumulative asbestos
exposure (Table 4.17). The risk of mesothelioma tended to increase for those residents
who were known to have washed the clothes of (OR=2.61 95%CI 0.85 – 7.99) or lived
with (OR=2.67 95%CI 0.77-9.21) an ABA asbestos worker. Mortality from lung cancer
was not significantly associated with cumulative asbestos exposure in this cohort of
women. Repeating this model with an untransformed cumulative exposure (e.g.
unlogged) gave an OR=1.00 (95%CI 0.95 – 1.04) for cumulative exposure.

Table 4.17

Exposure-response relationships between cumulative asbestos exposure
and mortality from malignant mesothelioma and lung cancer among the
former Wittenoom women.
Disease
Odds Ratio (95%CI)
p-value
Malignant Mesothelioma*
Cumulative exposure log(f/ml-years)
2.8 (1.9-4.0)
<.001
Cancer of the lung & trachea*
Cumulative exposure log(f/ml-years)

0.9 (0.7-1.2)

0.614

*Adjusted for time since first exposure and age started at Wittenoom.

Discussion
This is one of only a few studies that have examined mortality in women exposed to
asbestos in their environment or home.30,31 It builds upon this work with a larger
number of women exposed and a longer follow up. All the women were exposed to
crocidolite and quantitative estimates of exposure have been calculated and exposureresponse relationships examined. Excess mortality was found for all cause mortality
(SMR2), neoplasms, malignant mesothelioma, lung cancer, and cancers of the upper
aero-digestive tract, pneumoconiosis and symptoms, signs and ill defined conditions.
Circulatory disease mortality and mortality from cancer of the intestine and cancer of
the colon and rectum were lower than the general population. There was a statistically
significant exposure-response relationship between cumulative asbestos exposure and
pleural mesothelioma.

Twenty one percent of the women were lost to follow up, most from the time they left
Wittenoom. The Western Australian Marriage Registry was searched to ascertain any
167

changes of name but this was not possible for other states of Australia. The high loss to
follow up reported in this cohort may have led to either an under or over estimation of
mortality from asbestos-related disease.

Selection bias may have occurred because of the methods used to establish the
residents‟ cohort. Together, the records from the Wittenoom doctor, hospital and school
provided information on 41% of residents. Those who were resident at Wittenoom for
only short periods, did not have or were not children at the local school and did not
attend the doctor or hospital had a lower chance of being included in the cohort.
Therefore there may have been some exclusion of healthy adults in favour of the less
healthy. This bias may have overestimated our results with respect to some diseases and
all cause mortality. However, it is unlikely to have influenced the estimate of risk
associated with asbestos exposure as good health during residence at Wittenoom was
unlikely to be related to exposure.

Period specific mortality rates for the period 1950-1969 were not available for Western
Australia, so the rates for 1970-1974 were used to calculate expected rates for those
years. If the mortality rate for 1970-1974 was very different to actual mortality in 19501969 then any differences in mortality among the Wittenoom women might not be seen.
However, we do not think this is a big problem for this cohort as there were only 41
deaths between 1950-1969 and so any effect would be small.

Our estimates of mortality are comparable to those few studies that examined causes of
mortality among women environmentally exposed to asbestos. Ferrante et al report on a
cohort of wives of asbestos cement factory workers. They show an SMR=1.02 (95%CI
0.92 – 1.12) for all cause mortality, 1.42 (95%CI 0.71 – 2.54) for ovarian cancer, 2.69
(95%CI 1.85 – 3.77) for cancers of the respiratory system (including pleural neoplasms)
and 4.86 (95%CI 2.66 – 8.16) for poorly defined causes. Their estimates of lung cancer
1.17 (95%CI 0.60 – 2.04) and neoplasms 1.07 (95%CI 0.91 – 1.26) were lower than
those we reported.30 Luo et al report an SMR=0.59 for all cause mortality and 1.34 for
lung cancer among 5,603 adults born between 1915 and 1955 in Da Yao China, exposed
to crocidolite in surface soil.31
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Few studies reporting on non-occupational exposure are able to examine exposureresponse relationships. We reported a statistically significant exposure-response
relationship for cumulative asbestos exposure and mesothelioma. Similarly Ferrante et
al report an (irregular) increase in pleural mesothelioma SMRs by duration of exposure
and latency period.30 An earlier report on the same cohort of women showed increased
SMRs for mesothelioma and lung cancer by duration of exposure. 15 Estimated
cumulative domestic exposure of 32.9 f/ml-year (sd 18.5) and residential exposure 102
f/ml-year (sd 10.1) was higher among ten women with mesothelioma from the Thetford
Mines area of Quebec than among controls at 32.5 f/ml-year (sd 15.9) for domestic and
63.1 f/ml-year (sd 44.8) for residential exposure.32 Metintas et al report 12 cases of
pleural mesothelioma among women in a cohort study in Turkey giving an SMR=143.9
(95%CI 81.7-253.4), but exposure-response was not examined.21 Case studies too
report mesothelioma following domestic exposure.33 ,34

Nineteen women died from symptoms signs and ill defined conditions. A similar
number of cases (n=23) was reported among the male ABA workers to the end of
2000.35 Similarly Magnani et al reported 7 cases SMR=356.3 (95%CI 143.2-734.2)
among 1,964 wives of asbestos cement workers15, increasing to 14 deaths SMR=4.86
(95%CI 2.66 – 8.16) with follow-up to April 2003.30 Most of these deaths (n=14)
among the Wittenoom women occurred in the period 1950 to 1974. A further three
deaths, occurring between 1984 and 1990 were coded as malignant neoplasm without
specification of site (ICD9 1990-1991). Traditionally mesothelioma has been difficult to
diagnose and historically mesothelioma has been recorded poorly on death certificates36,
often coded as lung cancer, carcinomatosis or site unspecified. This problem may be
compounded among women. Data from the Western Australian mesothelioma register
show that 41% of women, compared with 12% of men, with mesothelioma, report no
known asbestos exposure or that no source of asbestos exposure can be ascertained
(work in progress). Given this and the (albeit earlier) difficulty of diagnosing
mesothelioma, it is not unexpected that a rare industrial disease was not the obvious
choice of the diagnosing clinician, although diagnostic accuracy appears to be
improving with time. It may be possible that some of the ill defined deaths among the
Wittenoom women were mesotheliomas, although the latency period (for those who
died between 1950 and 1974) is somewhat short for mesothelioma.
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The quantitative asbestos exposure measurements derived for each woman in the cohort
were estimated from environmental monitoring that occurred at various time points and
assigned to individuals based on their period of residence at Wittenoom. Therefore, they
may be different to the „actual‟ exposure experience of each woman. We have sought
information on whether they lived with or washed the clothes of an ABA asbestos
worker in order to get a more accurate depiction of their asbestos exposure. However
we have no extra knowledge as to behaviour at Wittenoom that may have increased
asbestos exposure (e.g. did she garden whilst at Wittenoom, play outdoor sport, etc).
These measures have demonstrated internal validity as exposure-response relationships
have previously shown.20,25,26

Mortality from lung cancer was high in this cohort, but we did not find a significant
exposure-response relationship between asbestos exposure and lung cancer. There are
several potential reasons why we may have failed to detect an existing exposureresponse relationship between cumulative asbestos exposure and lung cancer. Firstly we
had only a small number of cases (n=30). Secondly, possible errors in estimating the
women‟s individual asbestos exposures may bias the results towards the null
hypothesis, therefore showing no relationship. Also, the way that the exposures were
derived based on environmental measures at certain time points, provided a somewhat
limited range of exposure values, which may have led to a reduced statistical power to
detect any possible association. Other studies that have examined communities
environmentally exposed to asbestos have also failed to report an excess risk of
mortality from lung cancer. Among men living near an amosite asbestos factory in New
Jersey lung cancer deaths represented 2.3% of all deaths compared to 2.6% in the
comparison population.37 Women from the asbestos mining areas of Quebec had an
SMR=0.99 (95%CI 0.78 – 1.25).38 Lung cancer mortality rates of 18.7 per 100,000 and
80.6 per 100,000 were reported for non occupationally exposed female and male
residents of Casale Monferrato the location of the largest Italian asbestos cement
factory. These rates were not different to those of the rest of the population in the
region.39 Similarly, an excess risk in lung cancer mortality was not found among Italian
women with domestic asbestos exposure SMR=149.8 (95%CI 55.0 – 326.1).15 The
ABA workers on whom we have previously reported a significant exposure-response
relationship between asbestos exposure and lung cancer mortality RR=1.12 per year of
170

exposure (95%CI 1.04 – 1.20) and RR=1.01 (95% CI 1.00- 1.01) per fibre/ml were
probably exposed to more respirable size fibres than the women.40

We found reduced mortality from cancers of the intestine and colon and rectum in this
study. Among the male Wittenoom workers we reported an SMR=1.31 (95%CI 0.991.74) for the period 1979-2004, which was not associated with asbestos exposure.41
Other studies have suggested an association between asbestos exposure and cancer of
the colon and rectum, but the relationship was not strong or consistent.42,43 Berry et al
reported an exposure related excess 1.83 (95%CI 1.20-2.66) among their cohort of east
London asbestos factory workers, but suggested that the excess may have been due to
peritoneal mesotheliomas being certified as cancers of the colon.3

Conclusion
Women who were former residents of Wittenoom, exposed to asbestos in their
environment or in their home have excess cancer mortality, including mesothelioma,
compared with the Western Australian female population. The observed exposureresponse

relationship

between

cumulative

asbestos

exposure

and

malignant

mesothelioma was consistent with that seen among male asbestos miners and millers at
Wittenoom.
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Main Messages


High mortality from malignant mesothelioma (30 cases)



Increased risk of lung cancer



Exposure-response relationship observed for mesothelioma
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Risk of mesothelioma increased, but not statistically significantly, among
women known to have lived with or washed the clothes of an asbestos miner or
miller
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SUPPLEMENT TO PAPER THREE THE MORTALITY OF WOMEN EXPOSED OCCUPATIONALLY TO
BLUE ASBESTOS AT WITTENOOM, WESTERN AUSTRALIA.

Alison Reid1, Jane Heyworth1,2, Nick de Klerk1,3, AW(Bill) Musk1,4

1 School of Population Health, University of Western Australia
2 Faculty of Medicine, Dentistry and Health Sciences, University of Western Australia
3 Telethon Institute for Child Health Research & Centre for Child Health Research,
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This unpublished manuscript presents the mortality outcomes of the 416 former ABA
workers. It is an addition to the material presented in Paper Three. The introduction
and method sections replicate that described for the ABA workers in Paper Two and so
are not repeated here.
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Results
One hundred and seventy six female former workers of Wittenoom were known to be
alive at the end of 2004 (Table 4.18). One hundred and thirty one were dead and 109
(26%) were lost to follow up, most having not been traced beyond the date that they left
Wittenoom.

Table 4.18
Details of follow up of the female ABA workers
Follow Up Status as
Workers
At 31/12/2004
N
(%)
Alive
176 (42)
Dead
131 (31)
Lost to follow up
Total

109 (26)
416

Most women commenced working for ABA at Wittenoom in the 1950s and 1960s
(Table 4.19). Sixty nine percent were aged between 15 and 40 years when they first
commenced work at Wittenoom. Seventy four percent worked for less than one year
with only one percent working longer than 5 years, median 0.4 years (IQR 0.15 – 1.00).
Seventy five percent of workers had an exposure intensity of less than 2 f/ml whilst five
percent had greater than 10 f/ml. The median intensity of exposure was 1.58 f/ml (IQR
1.33 – 1.84). Ninety five percent of the women had cumulative exposures less than 10
f/ml-years with a median of 0.75 f/ml-year (IQR 0.25 – 2.39). The 416 women were
employed by ABA on 616 occasions (i.e. some women were employed several times).
We have information on the place of employment for 289 of these episodes. Of these
forty nine percent were located in the Town of Wittenoom and not at the mine or mill.
Seven percent were located in the Main Office after the new „cleaner‟ mill was
established (1958) and three percent whilst the old mill was in operation. There were
13 episodes of working in the bagging room, probably the dustiest job at Wittenoom.
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Table 4.19

Characteristics of asbestos exposure among 416 female ABA workers

Year of first employment
1940s
1950s
1960s
1970s
Unknown

N
11
184
220
0
1

%
3
44
53

Age of first employment
5 -<15 years
15 - <40 years
40 years and older
Unknown

30*
287
88
11

7
69
21
3

310
89
131
4
0

74
21
3
1

314
17
64
20
1

75
4
15
5
0

Duration of employment
< 1 year
1 -<3 three years
3 -<5 five years
5 years or more
Unknown
Average Intensity of exposure
(cumulative exposure/years)
< 2 f/ml
2 -<5 f/ml
5- <10 f/ml
10+ f/ml
Unknown
Cumulative asbestos exposure
(f/ml-years)
0-9.9 f/ml-years
10-19.9 f/ml-years
20-29.9 f/ml-years
30-39.9 f/ml-years
40+ f/ml-years
Unknown
*two were aged 13, fourteen aged
employment with ABA

0

393
95
16
4
5
1
0
0
2
0
14 and fourteen aged 15 when they started

Mortality
There were 131 deaths in the cohort between 1950 and the end of 2004. One of these
was excluded from further analysis because of missing data.
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Table 4.20
Mortality 1950 to 2004 from All Causes and Chapters of the International Classification of Diseases among female ABA workers.
Cause of Death
ICD Chapter
N
SMR1* (95% CI)
SMR2** (95% CI)
5-9 & 10
All Causes
130
0.98 (0.81-1.15)
1.35 (1.12-1.59)
Infections
I & A, B
1
0.72 (0.02-4.01)
0.99 (0.03-5.52)
Neoplasms
II & C, D to D489
57
1.47 (1.12-1.91)
2.07 (1.57-2.68)
Endocrine
III & E
4
0.96 (0.26-2.46)
1.37 (0.37-3.51)
Blood
IV & D50-D89
0
Mental Disorders
V&F
3
1.35 (0.28-3.93)
1.70 (0.35-4.98)
Nervous Disorders
VI & G, H
2
0.56 (0.07-2.04)
0.75 (0.09-2.70)
Circulatory System
VII & I
39
0.71 (0.50-0.97)
1.00 (0.71-1.37)
Respiratory System
VIII & J
10
1.19 (0.57-2.20)
1.65 (0.79-3.03)
Digestive System
IX & K
4
0.87 (0.24-2.22)
1.19 (0.32-3.05)
Genitourinary System
X&N
4
1.68 (0.46-4.30)
2.30 (0.63-5.89)
Pregnancy Complications
XI & O
0
Skin
XII & L
0
Musculoskeletal
XIII & M
1
1.11 (0.03-6.19)
1.56 (0.04-8.71)
Symptoms/Signs/Ill Defined XVI & R
0
Accidents/Injury/Poisoning
XVII & V to Y989
3
0.55 (0.11-1.60)
0.70 (0.14-2.03)
*Women lost to follow up censored at 31/12/2004
**Women lost to follow up censored at date last known to be alive
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Mortality from all causes was around 1.0 for SMR1 (women lost to follow up censored
at December 2004) and was increased by 35% for SMR2 (women lost to follow up
censored at date last known to be alive) (Table 4.20). Mortality from neoplasms was
significantly greater than that of the WA female population irrespective of which
censoring method was used. Mortality from circulatory diseases was significantly lower
in this cohort (SMR1), than the WA female population.

More specific causes of death showed that mortality from lung cancer was significantly
raised irrespective of which censoring method was used (Table 4.21). Mortality from
cancer of the ovary, cervix and kidney, upper aero-digestive and laryngeal cancers,
cirrhosis and alcoholism were increased irrespective of which censoring method was
used. Only for cancer of the cervix (SMR2) was the excess statistically significant. The
numbers of deaths were few and the respective confidence intervals wide. Mortality
from cancer of the small intestine and cancer of the colon and rectum were less (SMR1)
in the Wittenoom workers than in the WA female population.

180

Table 4.21
Specific causes of mortality among female ABA workers, 1950 to 2004
Cause of Death
N
SMR1* (95% CI)
SMR2** (95% CI)
Malignant Mesothelioma
10
Cancer of Lung & Trachea
16
2.94 (1.68-4.77)
4.23 (2.42-6.87)
Cancer of the Breast
4
0.56 (0.15-1.44)
0.76 (0.21-1.95)
Cancer of the Ovary
4
1.81 (0.49-4.63)
2.52 (0.69-6.44)
Cancer of the Cervix
4
3.13 (0.85-8.00)
4.12 (1.12-10.56)
Cancer of the Uterus
0
Cancer of the Larynx Upperaero1
13.89 (0.35-77.4)
18.52 (0.47-103.2)
2
3.64 (0.44-13.1)
5.26 (0.64-19.0)
digestive Cancers#
Cancer of the Oesophagus
0
Cancer of the Stomach
0
##
2
0.36 (0.04-1.30)
0.51 (0.06-1.83)
Cancer of the Intestine
Cancer of the Pancreas
1
0.56 (0.01-3.15)
0.80 (0.02-4.46)
Cancer of the Kidney
2
2.86 (0.35-10.3)
4.26 (0.52-15.4)
Cancer of Colon and Rectum
2
0.36 (0.04-1.31)
0.51 (0.04-1.85)
Lymphoma
1
1.18 (0.03-6.55)
1.56 (0.04-8.71)
Pneumoconiosis
0
Bronchitis & Emphysema
2
1.04 (0.13-3.74)
1.45 (0.18-5.24)
Tuberculosis
0
Cirrhosis
2
3.51 (0.42-12.7)
4.65 (0.56-16.8)
Alcoholism
1
3.57 (0.09-19.9)
5.00 (0.13-27.9)
Peptic Ulcer
0
Other Mental Disorders
2
1.03 (0.12-3.70)
1.32 (0.16-4.78)
Transport Accidents
1
0.49 (0.01-2.74)
0.62 (0.02-3.46)
Suicide
1
0.78 (0.02-4.32)
0.96 (0.02-5.63)
*Women lost to follow up censored at 31/12/2004, **Women lost to follow up censored at date last known to be alive
#ICD codes (7)1400-1489, 1600-1609 (8-9) 1400-1499, 1600-1609, (10) C000-C148, ##ICD codes (7,8,9) 1520-1541, (10) C17-C209
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We were not able to fully assess the impact of tobacco smoking on lung cancer
mortality because we do not have smoking information for all of the women. Smoking
questionnaires were obtained from the women workers in 1979 and the residents in the
early 1990s. Of the 34% of former workers who replied to a smoking questionnaire in
1979, 49% reported currently smoking, compared with 29% in the Australian female
population1 Using these figures as a guide and applying Axelson‟s adjustment2, we
estimate that the SMR for lung cancer was increased by a factor of 1.5 due to
confounding by smoking. So SMR1 might be adjusted down to 1.96 and SMR2 to 2.82.

Malignant Mesothelioma
There were ten deaths from malignant mesothelioma of the pleura. The first death from
mesothelioma, in a woman aged 52 years, occurred in 1980, 29.5 years after being first
exposed to asbestos. Cases were employed longer than controls and therefore had a
greater cumulative asbestos exposure (Table 4.22).

Table 4.22

Characteristics of cases of malignant mesothelioma and controls, among
female ABA workers.
Cases
Controls
n=10
n=405
Time since first exposure (years)*
34.8
39.5
Intensity of exposure (f/ml)*
2.9
3.20
Cumulative Asbestos Exposure (f/ml-years)*
7.4
3.10
Duration of Residence (years)*
2.0
0.92
*Mean of the mean of each set of matched controls

Of the 10 known cases of malignant mesothelioma of the pleura in this cohort, seven
were recorded on the death certificate as having died from malignant neoplasm of the
pleura, two with malignant mesothelioma of the pleura and one with malignant
neoplasm without specification of site. There were no deaths from peritoneal
mesothelioma.
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Exposure-response relationships
The risk of mortality from mesothelioma increased seventy five percent for every unit
increase in log f/ml-years of cumulative exposure (Table 4.23). The risk of mortality
from lung cancer increased fifty five percent for every unit increase in log f/ml-years of
cumulative exposure, but was not statistically significant. Repeating this model but
using an untransformed cumulative exposure (e.g. unlogged) gave an OR=1.01 (95%CI
0.97 – 1.06) for cumulative exposure and lung cancer.

Table 4.23

Exposure-response relationships between cumulative asbestos exposure
and mortality from malignant mesothelioma and lung cancer among
female ABA workers.
Disease
Odds Ratio (95%CI)
p-value
Malignant Mesothelioma*
Cumulative exposure log(f/ml-years)
1.75 (1.07-2.86)
0.026
Cancer of the lung & trachea*
Cumulative exposure log(f/ml-years)

1.55 (0.95-2.51)

0.079

*Adjusted for time since first exposure and age started at Wittenoom.

Discussion
This study describes the mortality of 416 women exposed occupationally to blue
asbestos at Wittenoom. Excess mortality compared with the WA female population was
found for all cause mortality (SMR2) and all neoplasms, and for cancer of the lung and
cervix (SMR2). Mortality from the genitourinary system, mental disorders, cancer of
the kidney and ovary and upper aero-digestive cancers, alcoholism and cirrhosis of the
liver were also in excess, although not statistically significantly. Circulatory disease
mortality was significantly lower compared with the WA female population and cancer
of the intestine and cancer of the colon and rectum were also reduced but not
statistically significantly.

There was a statistically significant exposure-response

relationship between cumulative asbestos exposure and malignant mesothelioma. A
similar association (but significant at the 10% level) was found for cumulative asbestos
exposure and lung cancer.

Women were infrequently employed by the Australian Blue Asbestos Company, no
more than 20 women being employed at any one time and all of those being the wives,
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partners or daughters of male ABA workers.3 They worked in the company offices
located at the minesite or in the company shop or hotel, situated in the township.

Compared with the women who did not work for the Australian Blue Asbestos
Company (ABA) (the residents) excess mortality ratios for most causes of death were
greater among the workers. Specifically, mortality from lung cancer was 50% higher
among the workers than the residents, whilst mortality from cancer of the cervix and
ovary and upper aero-digestive cancers was approximately twofold higher (SMR2).
Cirrhosis of the liver and alcoholism were increased among the workers but not the
residents, possibly reflecting the effect on health of a remote mining town lifestyle.
There were no cases of pneumoconiosis among the former workers whilst two were
observed among the former residents. Similarly, no deaths from symptoms, signs or ill
defined conditions were observed among the workers whilst 19 were observed among
the former residents.

The results from this study concur with those reported from other cohort studies of
women exposed occupationally to asbestos. Excess mortality from all causes has been
reported among women World War II gas mask workers, East London, South Carolina,
Polish and Italian asbestos textile workers, and Polish and Italian women compensated
for asbestosis. The SMRs ranged from 1.29 to 1.78.4-11 Similarly, excess mortality from
all cancers has been reported in six of these studies with SMRs ranging from 1.232.42.5,7-10,12 Death from circulatory disease was reduced in this study a finding reported
among the other cohort studies discussed above, with an SMR at unity or up to 35%
below that of their reference population. Eight percent of the deaths among the women
ABA workers were from malignant mesothelioma. This is similar to the nine percent of
deaths reported among the male Wittenoom miners and millers13 and among World War
II gas mask workers followed up for 30 years.14

Mortality from lung cancer was high in this cohort but the exposure-response
relationship between cumulative asbestos exposure and lung cancer was significant at
only the 10% level. This may be because of small numbers (n=16), but it is more likely
to be associated with the type of asbestos exposure the former ABA women received.
Although they were an occupationally exposed cohort, they did not work directly in the
asbestos mining and milling areas. As mentioned above 7% of employment episodes
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with known place of employment were in the company office which was located within
1km downwind of the mill and was reputedly very dusty and 13% were in the bagging
room. However in the main, most women would not have received the levels of
asbestos exposure typical to an occupational situation. Their exposure would have been
environmental exposure and have come from the distribution of tailings around the
townsite. There were no cases of asbestosis among the former ABA women which
attests to their lower levels of asbestos exposure. Exposure-response relationships
between lung cancer and environmental asbestos exposure have not been confirmed in
other studies as discussed in Paper Three.

Mortality from ovarian and cervical cancers were high in this cohort, but numbers were
too few to examine exposure-response relationships (n=4). For cervical cancer SMR2
reached statistical significance and was four times greater than compared with the WA
female population. Excess mortality from ovarian and cervical cancer has been reported
among other studies of women occupationally exposed to asbestos. In all studies,
numbers reported were few so reported confidence intervals were wide and exposureresponse relationships inconsistent. SMRs for ovarian cancer, reported in excess in
eight studies, ranged from 148-477.5-8,10,12,14 Six of these studies reported high exposure
levels in the workplace,5,7,8,10,12,14 and peritoneal mesotheliomas were reported in five
studies.5,7,8,12,15 Other work has suggested that ovarian cancer may be misdiagnosed as
peritoneal mesothelioma. No cases of peritoneal mesothelioma have occurred to date
among the female ABA workers. Possible misclassification on the death certificate of
only one or two cases of ovarian cancer would overestimate the effect of asbestos on
that cause of death.

Similarly, eleven other studies have reported excess mortality from cancer of the cervix
or cancer of the uterus among women exposed occupationally to asbestos.5-7,10,12,16-20
Five of these discriminated cancer of the uterine cervix from the uterus corpus.6,10,12,16
Excess mortality was reported in all of the cohorts that examined cervical cancer
separately, and SMRs ranged from 128 (95%CI 35-329) to 204 (95%CI 105-356). The
three cohorts that did not differentiate cervix from corpus, also reported excess
mortality with SMRs ranging from 1.94 (95%CI 0.40-5.67) to 257 (95%CI 144-424).
Again, numbers of cases were small ranging from four in Leyland gas mask workers to
12 in Polish textile workers. Three studies examined exposure-response relationships
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and no association was found with either duration or category of asbestos exposure. The
evidence tends to support an increased risk of mortality from cervical cancer among
women occupationally exposed to asbestos, although exposure-response relationships
have not been confirmed. Although again, histology was not confirmed on the women
who were classified as dying from cervical cancer.

Loss to follow up was high in this cohort (26%) with many of the women not being
traced from the time they had left Wittenoom. Every attempt was made to update the
follow up on the female workers, but many have moved away from Western Australia
and have probably changed their name through marriage and divorce. We were able to
search the birth, death and marriage records for Western Australia to ascertain any name
changes occurring among women who remained in that state. Mortality follow up was
undertaken after this process was completed. We have attempted to counter the effect of
loss to follow up by presenting the SMRs with a minimum and maximum estimate that
counts the person years differently to adjust for loss to follow up. The „real‟ SMR
would lie somewhere between the minimum and maximum.

Conclusion
Women who worked for the Australian Blue Asbestos Company at Wittenoom, in their
company offices, hotel and shop have excess mortality from all cancers compared with
the WA female population. In particular they have excess mortality from mesothelioma,
lung and cervical cancer.

Exposure-response relationships were confirmed for

mesothelioma, but not for lung cancer. The increased mortality from ovarian and
cervical cancer warrants further investigation.
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Abstract
Introduction: Nearly 3,000 women and girls were documented to have lived at the blue
asbestos mining and milling town of Wittenoom, in Western Australia between 1943
and 1992. Eight percent of deaths among these women to the end of 2004 have been
from malignant mesothelioma of the pleura.
Aim: To predict future mortality from mesothelioma to 2030 in this cohort.
Methods: Mesothelioma mortality rates incorporating parameters for cumulative
exposure, a power of time since first exposure and annual rates of fibre clearance from
the lung were calculated from maximum likelihood estimates. These rates plus age
specific mortality rates for Western Australian females incorporating an excess lung
cancer risk were then applied to all the Wittenoom cohort women surviving to the end
of 2004, in yearly increments, to predict the future numbers of cases of mesothelioma to
2030.
Results: There were 40 deaths from mesothelioma among the Wittenoom women to the
end of 2004. Using a range of models that incorporate time since first exposure,
competing risks from other diseases, latency periods and clearance of mesothelioma
from the lungs we predict 66 (lowest estimate) to 87 (highest estimate) deaths from
mesothelioma until 2030. This represents one and a half to two and a half times the
number of deaths that have already occurred to the end of 2004.
Conclusion: The high toll from mesothelioma in this cohort of women and girls will
continue well into the future.
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Introduction
Mesothelioma incidence traces historical asbestos consumption.1,2 The future burden of
mesothelioma has been predicted in cohorts of asbestos exposed workers3-5 and among
whole populations of workers in occupations with asbestos exposure.6 Among the
Wittenoom miners and millers (mostly men) de Klerk et al predicted 692 cases of
mesothelioma between 1987 and 2020.3 Berry, using the same cohort, predicted similar
numbers ranging from 255 to 654 mesotheliomas for the same period4 and updated this
prediction in 2004 estimating 110 deaths between 2001 to the end of 2020.7

The predictions from Wittenoom have predominantly focussed on men who were
exposed to higher levels of asbestos through their employment. However, three
thousand women and girls were documented to have lived and worked at the blue
asbestos milling and mining town of Wittenoom between 1943 and 1992. The aim of
this study is to predict the future mortality from malignant mesothelioma among women
and girls who were exposed to blue asbestos at Wittenoom, using quantitative measures
of intensity and duration of exposure that have been previously estimated on these
women.8,9

Methods
Women and girls at Wittenoom
Approximately 3,000 women and girls (41% were aged less than 15 years on arrival)
were documented to have lived and worked at the blue asbestos milling and mining
town of Wittenoom, in the remote Pilbara region of Western Australia (WA). Most
came to Wittenoom as the wife or daughter of an Australian Blue Asbestos Company
(ABA) miner or miller, or worked as teachers, nurses and service providers for the State
Government.10,11
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Women ABA workers
From employment records, four hundred and sixteen women were identified as working
for the Australian Blue Asbestos Company (ABA) over the period 1943 to 1966.
Mostly they were not employed in mining or milling roles but instead worked in the
company shop, hotel or offices. When the cohort was assembled in the 1970s from the
ABA employment records the vital status of 58% of the women was known.8 Intensive
and continuous follow-up since that time using various methods including; state and
commonwealth electoral rolls, birth, marriage and death registers, state and national
cancer registries and electronic white pages, established the vital status of more than
70% of the former female workers by the end of 2000.

Female residents of Wittenoom
Former residents (e.g. those not employed directly in asbestos mining or milling – non
ABA workers), male and female, of Wittenoom12,13 were identified from several
sources: state primary school records (22%), admission and out-patient records from the
Wittenoom hospital and General Practitioner (20%), participants of a cancer prevention
program14,15 and associated publicity (18%), questionnaires sent to ABA workers
(14%), the State Electoral Roll for the Pilbara district (12%), and Wittenoom birth
records (4%). Other sources included records from the Catholic Church, Wittenoom
burial records, employment lists from the school, hotel, police, hospital and banks and
information from the Asbestos Diseases Society of WA (10%). Five thousand and
ninety seven individuals were identified from 18,553 records.9,12 Between 1991 and
1993 a questionnaire was sent to all former residents of Wittenoom traced to an address
in Australia (N=3,244; 64%), excepting those participating in a cancer prevention
program (N=641; 13%) from whom the information had already been collected. Date,
length and place of residence at Wittenoom, occupation at Wittenoom, whether lived
with an asbestos worker or washed the clothes of an asbestos worker, smoking and past
medical history as well as demographic information were collected.16

Follow up status as at the establishment of the cohort in 1993 was; 47% returned a
questionnaire, 14% were participating in the cancer prevention program, 17% had not
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returned a questionnaire, 10% were dead, 11% were not traced since leaving Wittenoom
and 1% had permanently departed Australia.13

To make the residents data as complete as possible, some assumptions were made
where the person remained untraced, did not return a questionnaire or were dead. If they
were related to an ABA worker, then dates and place of residence were assumed
identical to that of the worker.

For those unrelated to an ABA worker, dates of

residence were assumed the same as other family members provided that at least one
family member had known exposure. Dates of residence were taken as those found on
the various sources used to establish the cohort for all other residents.9,13 If the untraced
person was the wife of an ABA worker and known to have lived with that worker, it
was assumed that she washed his clothes. The residents‟ cohort was considered
complete when comparisons between it and the population of Wittenoom recorded at
various census dates showed a close correspondence.12

Work has continued on the development of this cohort since 1993 and this accounts for
differences in the number of persons from those earlier papers.9,12,13 To the end of 2000
there were 2,608 women in the residents‟ cohort.17 The mortality of these women
environmentally exposed has been assessed earlier.10

Asbestos exposure measurements
Asbestos exposure measurements have been defined elsewhere for the former workers8
and residents.9
Workers: numerous measurements of dust concentration using a konimeter were taken
in the mine and mill between 1948 and 1958 (when a new cleaner mill was established),
and in 1966 a survey of fibre counts using a Casella long running thermal precipitator
was undertaken across the industry and at various sites around the town.8 Estimated
fibre concentrations ranged from 20 f/ml in the mine to 100 f/ml in the bagging room.
The ABA employment records, contributions to a mine workers relief fund for workers
prior to 1943 and the measurements taken during the surveys enabled cumulative
exposure in f/ml-years to be calculated for each worker, by adding over all of their jobs
the product of the length of time in the job and the estimated fibre concentration related
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to that job. An additional amount was added to their occupational exposure to account
for 16 hours of daily residential exposure and a two day weekend. This was calculated
according to the residential exposure methodology (described below) for the period they
were at Wittenoom. For example, an ABA worker who worked at Wittenoom for 60
days in 1965 had a cumulative exposure of 14.78 f/ml-years from their occupational
exposure. An extra 0.055 f/ml-years (0.5/365.25)*((60*16)/24) was added to their
cumulative exposure to account for their residential exposure.

Residents: environmental monitoring throughout the town and surrounds occurred in
1966, 1973, 1977, 1978, 1980, 1984, 1986 and 1992.9 Based on the surveys that used
personal monitors residents of the township (not working directly with asbestos) were
assigned an intensity of exposure of 1.0 f/ml from 1943 to 1957 and 0.5 f/ml between
1958 and 1966 when the mine and mill was closed. Interpolation between surveys
established exposures of 0.5 f/ml in 1966 to 0.010 f/ml in 1992. Duration of residence
was extracted from a questionnaire sent to each former resident or was taken as that
found on documentation used to establish the residents‟ cohort. Cumulative exposure
was derived by summing over the years of residence, the product of fibre concentration
for each year of residence and the length of time spent in Wittenoom during that year.9

The estimates of asbestos exposure have been shown to be internally valid
demonstrating an agreement with lung fibre burdens18 and an exposure-response
relationship for all asbestos related diseases.8,13,19-21 Further, Hodgson and Darnton,
found the Wittenoom exposures comparable to those exposures reported from other
crocidolite mines and the risk of lung cancer among the Wittenoom workers (RL) was
similar to that in other studies.22

Case ascertainment
Fifty six women were excluded because they had insufficient identifying information
(missing date of birth, first name etc) or because they were residents of Wittenoom for
less than one month. Therefore 2,968 women (416 workers and 2,552 residents) were
followed up at the Western Australian Cancer Registry and Mesothelioma Register and
Australian Mesothelioma Register for notification of mesotheliomas. The Western
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Australian Registrar General was sought for deaths occurring in Western Australia to
the end of 2004. The National Death Index and the National Cancer Clearing House
through the Australian Institute for Health and Welfare were searched for deaths and
cancer incidence occurring in all other Australian states to the end of 2000. Women are
difficult to follow up over long periods of time, given their changes of surname upon
marriage, divorce and remarriage. Despite the use of these national resources 27% of
the women were lost to follow up at the end of 2004.

Statistical Analysis
Person years at risk were calculated assuming that all women not known to be dead and
not known to have migrated were alive at the end of 2004 (or if they were residents of
other Australian states alive until September 2000). This assumes that all those who
were lost to follow up remained alive to the end of follow-up and is therefore likely to
overestimate actual person-years at risk (and minimise the rate estimate).

Mesothelioma rates, per 100,000, were derived by dividing the number of deaths for
each category of cumulative exposure or time since first exposure by the person years at
risk and multiplying by 100,000.
Derivation of mesothelioma mortality rate models
It has been established that mesothelioma mortality rates are related to time since first
exposure raised to a power k, a constant, lying between 3 and 4.4,23,24 This relationship
is modelled as rate=c tk where c represents cumulative exposure. When time since first
exposure is lagged (to account for the time between initial malignancy and diagnosis or
death) the relationship is modelled as rate=c(t-w)k where w is the lag period. These
models hold where every increase in exposure represents continuous exposure to the
carcinogen. This was considered reasonable for amphibole asbestos fibres because they
are retained in the lung for very long periods after exposure. However, there is also
evidence that asbestos fibres, including the amphiboles, are cleared from the lungs. This
has been observed in experiments in rats25 and baboons26 as well as lung fibre counts on
lung tissue at post-mortem among occupationally exposed cohorts.18 Lung fibre counts
at post-mortem from female gas mask workers exposed to a high intensity but relatively
short duration of crocidolite asbestos suggested a rate of clearance of approximately
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15% per annum.24

Further, epidemiological evidence suggests that mesothelioma

mortality rates may begin to decline in occupationally exposed cohorts after fifty years
since first exposure.27,28

To include a parameter for the rate of asbestos clearance the above models have been
amended to:

mesothelioma rate= ce  t (t-w)k where λ is the rate of clearance of

crocidolite from the lungs.24 Maximum likelihood estimates for the parameters of c, k
and λ for each of the models were calculated using Stata 9.29 Correlation between the λ
and k made joint estimation of these parameters difficult, therefore clearance rates of
6.7% and 15% per year were fixed and a generalised linear model with a Poisson
distribution was used to estimate k only. Elimination of 6.7% per year equates to a half
life of 10 years.24 A model incorporating 15% elimination per year and a 5 year lag
closely approximated the observed rate of mortality among the male Wittenoom
workers.7

Predicting future mesothelioma mortality
To predict future mortality the method devised by Berry 19914 was used and various
assumptions were made:


All cause mortality for the Wittenoom women was assumed to be the same for
Western Australian women for the period 2000-2004. Work in progress showed the
Standardised Mortality Ratio (SMR) for all cause mortality was 0.98 (0.90-1.06)
assuming those women who were lost to follow up were alive at the end of 2004.



Mortality from lung cancer was higher among the Wittenoom women than women
in the WA population. Therefore the WA lung cancer mortality rate, for the period
2000 to 2004 was multiplied by the SMR for lung cancer (for the Wittenoom
women) for categories of cumulative exposure.

The probability of dying in a year, averaged over each age, was applied to the women
not known to be dead at the end of 2004. This gave the number of women who
survived to the end of 2005. The probability of dying in a year was then applied to the
surviving women of 2005 which gave the number of surviving women up to the end of
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2006. And so on, until 2029. The deaths for each year were calculated by subtracting
the number of survivors in year x+1 from year x. The annual number of mesothelioma
deaths was calculated by multiplying the mesothelioma death rate, averaged for each
age, by the number of surviving women in each year.

Results
Mesothelioma Mortality
There were 40 deaths from malignant mesothelioma among the Wittenoom women
between 1950 and 2004, 10 among workers and 30 among residents. The mortality rate
for workers was greater than that for residents for every period of time since first
exposure. The rate appears to peak for workers at 30 or more years since first exposure,
but for residents the rate is still increasing, with the rate at 40 or more years since first
exposure 43% greater than the rate for 30 – 39 years since first exposure (Table 4.24).
Mesothelioma rates tended to increase for every increased category of cumulative
exposure for residents but the pattern was not as clear for workers.

Cumulative

exposure was derived differently for workers and residents (see Methods).
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Table 4.24

Mesothelioma mortality rates, per 100,000 person years*, by cumulative
exposure and time since first exposure among Wittenoom women, 1950 –
2004.
Workers

Time since first
exposure (years)

Deaths

Rate

95% CI

Residents

All

Deaths

Deaths

Rate

Rate 95% CI

95% CI

20 - 29

3

80

26-248

4

17

7-46

7

26

12-55

30 - 39

5

159

66-381

14

79

47-133

19

91

58-142

40+

2

161

40-643

12

138

78-243

14

141

83-237

0 - <5

6

42

19-94

7

11

5-24

13

17

10-30

5 - <10

0

0

6

34

15-75

6

32

14-71

10 - <20

3

434

140-1346

7

54

26-113

10

73

39-136

20 - <30

1

478

67-3390

5

117

49-281

6

134

60-298

30+

0

0

5

171

71-411

5

166

69-400

Cumulative
exposure
(f/ml years)
-

-

*women lost to follow up were assumed alive to the end of 2004, CI= Confidence Interval

The number of mesotheliomas and person years at risk by categories of time since first
exposure and cumulative exposure are shown separately for residents and workers in
Table 4.25. Few women have contributed person years to the later periods of time since
first exposure. The median time since first exposure for residents was 40.6 years interquartile range (IQR 33.7-46.1) and for workers 40.8 years (IQR 35.9-44.6). The values
used to calculate maximum likelihood estimates of c and k, for the mesothelioma rate
models, using Poisson regression are shown in Table 4.25.
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Table 4.25

Number of mesotheliomas (Meso.) and person-years at risk (PYR) for former residents and workers by categories of time since first
exposure to asbestos at Wittenoom and cumulative asbestos exposure

Time Since First Exposure (years)
Workers (n=416)
Cumulative Exposure
(f/ml years)
0-<5
Meso.
PYR
5-<10 Meso.
PYR
10-<20 Meso.
PYR
20-<30 Meso.
PYR
30+
Meso.
PYR
Residents (n=2552)
Cumulative Exposure
(f/ml years)
0-<5
Meso.
PYR
5-<10 Meso.
PYR
10-<20 Meso.
PYR
20-<30 Meso.
PYR
30+
Meso.
PYR

0-9

10-14

15-19

20-24

25-29

30-34

35-39

40-44

45-49

50-54

55-59

60+

0
3619.9
0
260
0
160
0
50
0
20

0
1783.3
0
126.3
0
80
0
25
0
10

0
1742.2
0
125
0
80
0
25
0
10

0
1676.9
0
123.4
0
80
0
25
0
10

2
1606
0
118.2
1
79.5
0
25
0
10

2
1504.3
0
115
1
71.7
0
25
0
10

1
1229.8
0
112.6
1
57.7
0
20.3
0
7.3

0
646.1
0
70.5
0
48.2
1
14.1
0
1.8

1
300.4
0
31.9
0
23.9
0
0
0
0

0
88.2
0
8.1
0
9.8
0
0
0
0

0
0
0
0.67
0
0.25
0
0
0
0

0
0
0
0
0
0
0
0
0
0

0-9

10-14

15-19

20-24

25-29

30-34

35-39

40-44

45-49

50-54

55-59

60+

0
16221.5
0
4216.4
0
2929.9
0
930
0
630

0
8011.9
0
2098.3
0
1437.2
0
459
0
315

0
7906.9
0
2076.4
0
1416.6
0
453.3
0
307.1

0
7668.7
0
2052.7
0
1407.8
0
448.1
1
302.2

1
7047.2
0
2010.2
1
1372.8
0
438.5
1
286.5

1
5901.9
0
1904.2
3
1331.1
0
421.1
0
269.4

4
4418.0
2
1608.4
1
1218.4
2
406.6
1
251.2

1
2499.1
3
1124.1
2
988.1
1
361.1
0
234.1

0
993.7
1
503.7
0
608.4
2
255.1
1
198.8

0
265.9
0
156.6
0
205.8
0
96.9
1
108.3

0
34.6
0
7.1
0
25.5
0
2.8
0
22.3

0
1.6
0
0
0
.01
0
0
0
0
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Maximum likelihood estimates of c and k and parameters for categories of cumulative
exposure and worker or resident status for the nine mesothelioma rate models are shown
in Table 4.26. The model with zero lag and zero clearance estimated a power (k) of
3.00. Inclusion of a lag period reduced the power to 2.51 with a five year lag and 2.01
with a 10 year lag. Using the parameters shown in Table 4.26, the mesothelioma rates
were

then

estimated

for

each

woman

using

the

equation:

mesothelioma

rate=exp[a+b+k*ln(t-lag)], without clearance and mesothelioma rate=exp[a+b+k*(tlag)-0.067t] or mesothelioma rate=exp[a+b+k*(t-lag)-0.15t] for 6.7% and 15%
clearance rate respectively.
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Table 4.26

Parameters (s.e) for Mesothelioma rates (MR), using Poisson regression, and equations used to estimate future mortality from all
causes and malignant mesothelioma among the Wittenoom women.
Cumulative exposure (fibre/ml-year)

Mesothelioma Rate Model (MR) a

k

<5

5-<10

10-<20

20-<30

30+

Worker

GOF χ2 (df)

P-value

-18.92 3.00 0
0.69 (0.51) 1.40 (0.44) 1.95 (0.52) 2.12 (0.56) 1.33 (0.40)
53.16 (97)
0.99
Model 1 Zero lag
-24.23 5.18 0
0.69 (0.51) 1.41 (0.44) 1.97 (0.52) 2.16 (0.56) 1.32 (0.40)
50.06 (97)
1.00
Model 2 6.7% clearance
-31.15 7.97 0
0.69 (0.51) 1.43 (0.44) 1.99 (0.52) 2.21 (0.56) 1.31 (0.40)
47.49 (97)
1.00
Model 3 15% clearance
-16.75 2.51 0
0.69 (0.51) 1.40 (0.44) 1.96 (0.52) 2.12 (0.56) 1.33 (0.40)
52.08 (87)
0.99
Model 4 5 year lag
-20.62 4.36 0
0.69 (0.51) 1.42 (0.44) 1.98 (0.52) 2.17 (0.56) 1.31 (0.40)
48.91 (87)
0.99
Model 5 6.7% clearance
-25.71 6.74 0
0.69 (0.51) 1.43 (0.44) 2.00 (0.52) 2.22 (0.56) 1.31 (0.40)
46.46 (87)
0.99
Model 6 15% clearance
-14.65 2.01 0
0.69 (0.51) 1.40 (0.44) 1.96 (0.52) 2.14 (0.56) 1.32 (0.40)
50.64 (87)
0.99
Model 7 10 year lag
-17.09 3.53 0
0.69 (0.51) 1.42 (0.44) 1.99 (0.52) 2.19 (0.56) 1.31 (0.40)
47.49 (87)
0.99
Model 8 6.7% clearance
-20.45 5.50 0
0.69 (0.51) 1.44 (0.44) 2.01 (0.52) 2.24 (0.56) 1.30 (0.40)
45.40 (87)
0.99
Model 9 15% clearance
2.71 1.78
2.55
0.98
1.12
SMR Lung Cancer
Western Australian death rate from all causes, 2004 (women) (WADR)
WADR =exp(-11.1199 +.098978*age at January 1st)
Western Australian death rate for lung cancer 2000-2004 (women) (DRLC)
8.1, 39.7, 81.9, 161.9, 286.2, 457.8, 594.9, 1034.2, 1596.1, 1712.5, 3666.1 for age groups, 35-39, 40-44, 45-49, 59-54,55-59, 60-64,65-69, 70-74, 7579, 80-84, 85+.
Total Death Rate (TDR)=WADR+(SMRLC-1)*DRLC+MR
Probability of dying in year=TDR/(1.0+0.5*TDR)
Derived from data in Table 4.25; GOF – Goodness of fit
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The observed pattern of mesothelioma for the period 1950-2004, fitted to the
mesothelioma rate models with zero, 5 and 10 year lag periods and zero lag period and
6.7% and 15% clearance rate per annum is shown in Figure 4.3.
Figure 4.3

Fitted mesothelioma rates over average exposure

Mesothelioma rate per 100,000 person years

600
zero lag
5 year lag

500

10 year lag
zero lag, 6.7% clearance

400

zero lag, 15% clearance
300
200
100
0
10

20

30

40

50

60

Years since first exposure

The models fit the data equally well up until about 45 years since first exposure, which
covers most of the observed follow up. At 40 years since first exposure the
mesothelioma rate is approximately 150 per 100,000 person years which concurs with
the observed rate in Table 4.24. The models diverge quite markedly after 45 years since
first exposure given the fewer observations.

Introducing a clearance rate into the

mesothelioma model reduces the mortality rate substantially. The model with zero lag
reaches 550 per 100,000 person years at 60 years since first exposure. When a 6.7% and
15% clearance rate are incorporated into the model the rates reduced to approximately
360 and 220 per 100,000 person years. Introducing a lag period into the model also
reduces the mortality rate. Compared with the zero lag at 60 years since first exposure,
the mortality rate with a five year lag reduces to 500 and further reduces to 450 with a
10 year lag. Figure 4.3 demonstrates the wide range of estimates obtained from the
various mesothelioma models given the various clearance and lag scenarios. All of
these models will be used to predict mesotheliomas to cover the wide range of possible
future scenarios.

Parameters and equations used to predict future mortality are listed in Table 4.26.
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Two thousand four hundred and two Wittenoom women were not known to be dead as
at the end of 2004. This included 650 (27%) women who were lost to follow up. 20%
of the women were aged less than 45 years in 2004. The median age for workers was 68
years (IQR 62-78) and residents 55 years (IQR 46-67).

Mortality from all causes and malignant mesothelioma, for the period 2005 - 2030 for
the nine mesothelioma rate models are shown in Table 4.27.

Around 49% of

Wittenoom women are predicted to die from all causes over the 25 year period. Model 1
(zero lag) estimated the highest number of deaths from all causes (1,181) and the
greatest number of deaths from mesothelioma (87). Including a 5 year lag period
slightly reduced the number of deaths (1,179 deaths, 85 from mesothelioma), with a
marginally greater reduction for the model with a ten year lag (1,178 deaths, 83 from
mesothelioma). Including clearance rates in the models with zero lag predicted fewer
mesotheliomas 79 and 72 for 6.7% and 15% clearance respectively. Including clearance
rates in models with 5 and 10 year lags further reduced the number of deaths from
mesothelioma and all causes. Model 9 which included a ten year lag and 15% clearance
rate predicted the fewest deaths from all causes (1,167) and mesothelioma (66). This
lowest number of predicted mesotheliomas is over one and a half times greater than the
number of mesothelioma deaths that have already occurred to the end of 2004 (n=40).

203

Table 4.27

Predicted mortality from all causes and malignant mesothelioma for all
mesothelioma rate models for the period 2005-2030.
Mesothelioma Model
Model 1
Model 2
Model 3
Model 4
Model 5
Model 6
Model 7
Model 8
Model 9

Zero lag
6.7% elimination
15% elimination
5 year lag
6.7% elimination
15% elimination
10 year lag
6.7% elimination
15% elimination

All Causes
N
1181
1176
1171
1179
1175
1171
1178
1171
1167

Mesothelioma
N
87
79
72
85
77
69
83
74
66

The distribution of deaths from all causes and mesothelioma, in 5 year periods and 5
year age groups, as predicted by model 6 incorporating a 5 year lag and 15% clearance
rate are shown in Table 4.28. This was the model that most closely predicted mortality
to that observed among the male Wittenoom workers.7 Deaths from all causes among
the Wittenoom women steadily increase over this time span from 190 deaths in 20052009 to 308 deaths in 2025-2030. The number of mesothelioma deaths are relatively
stable over this time period, increasing slightly from 12 deaths in 2005-2009 to 16
deaths in 2025-2030. The age distribution of mesotheliomas is similar to the pattern
that was observed up to the end of 2004, in which the median age at death was 60 years
(IQR 52-75).
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Table 4.28

Age and period distribution of predicted mortality from all causes and
mesothelioma for mesothelioma model 6 with lag of 5 years &
elimination of 15%
All
Cause

Malignant
Mesothelioma

N

N

2005-2009
2010-2014
2015-2019
2020-2024
2025-2030

190
201
226
246
308

12
13
14
14
16

Age
<40 years
40-49 years
50-59 years
60-69 years
70-79 years
80+ years
Total

1
13
55
147
296
659
1171

0
4
13
15
15
22
69

Year

Discussion
There have been 40 deaths from malignant mesothelioma among the women of
Wittenoom between 1950 and 2004. Using models that incorporate competing risks
from other causes, time since first exposure, lag periods and rates of clearance of
crocidolite from the lungs, we predict to 2030 there will be between 66 and 87 deaths
from malignant mesothelioma among 2,402 women not known to be dead at the end of
2004. This is over one and a half and up to two and a half times the number of
mesothelioma deaths that have occurred to date. The number of deaths each year is not
predicted to decline over the period to 2030.

Including a parameter for fibre clearance in the mesothelioma model attenuated the
predicted number of mesothelioma deaths. In an earlier comparison between observed
and predicted numbers of mesotheliomas among East London factory workers, not
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including a rate of clearance tended to overestimate the predicted number of
mesotheliomas. For the period 1976-80 17 mesotheliomas occurred compared with a
predicted range of 28 to 37, although in the period 1972 to 1975 23 mesotheliomas
occurred compared with a predicted range of 17 to 22.30 Evidence suggests that between
ten and 15 percent lung fibre clearance occurs per annum in humans.24 Among the male
Wittenoom workers, followed up to 2000, the pattern of observed mesotheliomas was
most closely estimated by a mesothelioma model that included a 5 year lag and a 15%
annual clearance rate.7 If the pattern observed among the male workers holds true for
the Wittenoom women, then a further 69 deaths from mesothelioma may occur up to
2030. Berry estimated that clearance of 15% per year occurred among female gas mask
workers with heavy but short exposure.24

The Wittenoom women obtained their

asbestos exposure largely from their environment (tailings from the mining process
were distributed throughout the town) and those with occupational exposure were
generally not exposed in the mine or mill.11 To our knowledge this is the only study that
has predicted future mortality from mesothelioma among women who have been
environmentally exposed to asbestos. Inhaled fibres resulting from environmental
exposure are shorter and finer and therefore more rapidly removed from the lungs than
longer fibres.31 Therefore lung clearance among the Wittenoom women may have
occurred at rates faster than 15% per annum. However Baraldo et al suggested that
women have a smaller lung volume but a higher forced expiratory flow rate than men
and therefore a higher ratio of FEV1 to FVC32, which may lead to greater fibre retention
than in men with larger lungs.33 If this was the case we might expect a higher risk of
mesothelioma in women at the same levels of exposure as men, yet this has not been
observed.17

Until the end of 2004 the mesothelioma mortality rate appeared to be increasing for the
Wittenoom women although there was some evidence that the maximum rate may have
been reached for the women workers. This pattern also holds for the predicted
mesotheliomas. Absolute numbers of predicted mesotheliomas are relatively stable
over the whole period 2005 to 2030, with no obvious decline. Among male Wittenoom
workers Berry predicted a peak of 9 cases per year occurring between 2001 and 2005, 6
cases per year between 2006 and 2010, 4 cases per year between 2011 and 2015 falling
to 2 cases per year in 2016-2020, for the model with 5 year lag and 15% elimination.4
We earlier reported a longer latency period for Wittenoom residents compared to ABA
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workers.17 A longer latency period appears to be consistent with lower exposures to
asbestos and therefore a lower risk for mesothelioma. A longer latency period among
the women may explain why there has been no obvious decrease in absolute
mesothelioma predicted numbers to 2030.

Far fewer cases and lower rates of mesothelioma have occurred among the Wittenoom
women, compared with the (largely male) asbestos miners and millers cohort, with 202
cases of pleural and 33 cases of peritoneal mesothelioma up to the end of 2000.7 Male
ABA workers had very heavy levels of asbestos exposure - median cumulative exposure
was 6 f/ml-years although the duration was short - median 4 months.8 Similarly fewer
deaths from malignant mesothelioma are predicted to occur among the Wittenoom
women compared with the male asbestos workers. de Klerk et al3 predicted 692 cases
between 1987 and 2020 and Berry4 estimated 255 to 654 cases for the same period.
Follow up by Berry et al in 2004 showed that the model that estimated 255 deaths to
2020 was the one that most closely described the observed mesotheliomas to the end of
2000. Using this model he predicted that 110 deaths from mesothelioma would occur
between 2001 and 2020.7

These predictions may be overestimates for two reasons. The first concerns the age at
first exposure to asbestos. Forty one percent of the Wittenoom women were aged 14
years or younger when first exposed to asbestos at Wittenoom.11 We have earlier
reported a mesothelioma mortality rate for those aged 14 years or less half that of those
aged 15 years and older at first exposure, 47 and 112 respectively per 100,000.17 But
the lifetime risk for mesothelioma for those exposed at younger ages may well be
higher. Age at first exposure was not incorporated into the mesothelioma rate models.

Secondly we predicted mortality from mesothelioma in women who were not known to
be dead at the end of 2004. This number included 27% who were lost to follow up,
most not having been traced since the date they left Wittenoom. Median cumulative
exposure (2.02f/ml-years) and median duration of residence (307 days) was lower
among those lost to follow up compared to those who were still alive (2.98 f/ml-years
and 548 days) or dead (2.63f/ml-years and 396 days) in 2004. More ABA workers
(26%) compared to residents (21%) were lost to follow up. It is not impossible that
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many of these women may already be dead, including some having died from
mesothelioma. Ascertainment of mesothelioma is very good in Australia and Western
Australia particularly, but we have no knowledge about those women who may have
changed their name in a state other than Western Australia or who may have
subsequently departed from Australia.

There is also potential for some underestimation of the future cases of mesothelioma.
The projected downward trend in all cause mortality after 2004 would lead to a larger
at-risk population and therefore larger expected numbers. Clements et al found that
using current mortality gave predictions 16% less than using a projected life table. 34
Their predictions went to 2060 whereas we predict only to 2030 so the difference would
be considerably less.

Forty women have died from malignant mesothelioma of the pleura from approximately
3,000 women and girls exposed to blue asbestos at Wittenoom between 1943 and 1992.
We predict that there will be at least another 66 to at most 87 more mesothelioma cases
among these women until 2030.

The legacy of blue asbestos mining in Western

Australia will continue to exact a high price well into the future.
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Main Messages


66 to 87 predicted mesotheliomas between 2005 and 2030 among 2,402 women
exposed to crocidolite environmentally and occupationally at Wittenoom.



This is over one and a half and up to two and a half times the number of
mesotheliomas that have already occurred to the end of 2004.
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Abstract
Introduction: Animal studies have suggested an association between asbestos and
ovarian cancer and asbestos fibres have been detected in human ovaries.

Sexual

intercourse may introduce asbestos fibres into the vagina and to the cervix and ovaries.
Occupational cohorts have reported excess mortality from reproductive cancers, but
exposure-response relationships are inconsistent. We examine the incidence and
exposure-response relationships of these cancers among 2,968 women and girls exposed
to blue asbestos at Wittenoom, Western Australia (WA).
Methods: 2,552 women were residents of the town and 416 worked for the asbestos
company (ABA). Standardised Incidence Ratios compared the Wittenoom women with
the WA population. A nested case-control design and conditional logistic regression
examined exposure-response relationships.
Results: Ovarian (SIR 1.27), cervical (SIR 1.44) and uterine cancer (SIR 1.23) were
increased, but not statistically significantly among the Wittenoom women, compared
with the WA population. Among the ABA workers cervical cancer was twice that of the
WA population (SIR 2.38), but ovarian cancer was less (SIR 0.65). Women who first
arrived at Wittenoom aged 40 years or more had an OR 13.9 (95%CI 2.2-90.2) for
cervical cancer compared with those who were aged <15 years. Women who lived with
or washed the clothes of an ABA worker did not have an increased risk for any of the
gynaecological or breast cancers.
Discussion: There is no consistent evidence of an increased risk of gynaecological and
breast cancers among the women from Wittenoom. Ovarian cancers and peritoneal
mesotheliomas were not misclassified in this cohort.
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Introduction
Mortality studies among women exposed occupationally to various types of asbestos
have reported increased risks of ovarian1-5 and cervical2, 6 cancers. Excess mortality has
also been reported for uterine cancer where corpus and cervix were not differentiated.7-9
The number of cases of each cancer was small in most cohorts and exposure-response
relationships were generally not demonstrated. Examination of pathological material,
where undertaken, found that some of the ovarian cancers were malignant
mesotheliomas of the peritoneum that had been misdiagnosed.1, 5 Excess breast cancer
mortality has also been reported among female asbestos textile factory workers with
severe exposure lasting more than two years.10 No studies have examined incidence of
these cancers among women with asbestos exposure.

Asbestos fibres have been found in the ovaries of women whose household contacts
worked with asbestos and among Norwegian paper and pulp workers.11,

12

The

mechanism of transportation of asbestos fibres to the ovary is not clearly understood.
One hypothesis suggests passive transfer of fibres via the vaginal canal11 as the transfer
of pathogens from the lower to the upper genital tract has been shown to occur this
way.13 This route may also explain any association between asbestos exposure and
cancer of the cervix and uterus. To further support this argument, tubal ligation has been
found to reduce the risk of ovarian cancer in several studies14, including a Danish
population based study that followed up 65,000 sterilised women. Compared with the
Danish population, tubally sterilised women have a lower risk of ovarian cancer SIR
0.82 (95%CI 0.6-1.0). There was no effect on cervical cancer in this study.15
Alternatively, fibres could penetrate to the ovary and other genital organs through the
mesothelium.

Whatever their method of distribution, once the fibres have reached the specific organ,
disease initiation may occur in the same way as for the other asbestos-related diseases.
These include; mechanical irritation from the fibre leading to scarring or cancer;16
“frustrated phagocytosis” whereby the macrophage is unable to fully digest the whole
asbestos fibre because of its long length resulting in an incessant production of hydroxyl
radicals and reactive oxygen species which induce cell injury.17,

18

Generation of

hydroxyl radicals may be particularly relevant for asbestos carcinogenesis because these
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molecules can modify and damage cellular DNA. Inadequate repair of this oxidative
damage may lead to mutations or DNA strand breaks.19, 20

The aims of this study were: (i) to determine if there were excess risks of cancer of the
ovary, cervix, uterine corpus and breast among 3,000 women and girls exposed to blue
asbestos at Wittenoom; (ii) to examine the potential for disease misclassification by
reviewing pathological material on ovarian, colon and peritoneal cancers.

Methods
Women and Girls at Wittenoom
Almost three thousand women and girls were documented to have lived and worked at
the crocidolite (blue asbestos) mining and milling town of Wittenoom in remote
Western Australia (WA) over the period 1943-1992. Forty six per cent were aged less
than 15 years when they first arrived.21 The Australian Blue Asbestos Company (ABA)
operated the principal leases and mined and milled crocidolite between 1943 and 1966
when the industry closed for economic reasons. Four hundred and sixteen women
worked for ABA, mostly in the company offices, hotel and shop, whilst the remaining
2,552 women were wives and daughters of ABA workers, or were there as Government
service workers, teachers and nurses. Tailings from the minesite, rich in crocidolite
fibres, were distributed around the town in an attempt to contain the red dust and this
process did not cease until 1966.

The Wittenoom workers‟ and residents‟ cohorts22,

23

and the women‟s cohort21 have

been described elsewhere. Employment records provided by ABA identified 416
women (6% of the workforce) and their dates and places of employment. For the
residents‟ cohort, the following public records were searched (with the percent of
people they identified in parentheses); state primary school records (22%), General
Practitioner and Wittenoom hospital records (20%), the state Electoral Roll for the
Pilbara region (12%), questionnaires sent to former ABA workers (14%) and
participants in a cancer prevention program (18%).24, 25 Table 4.29 shows in detail the
establishment of the residents‟ cohort. Briefly,

5,097 residents who had lived at
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Wittenoom but who did not work for the asbestos company were identified.23, 26, 27 The
residents‟ cohort was considered complete when it corresponded with the population of
Wittenoom recorded at various population census dates.23
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Table 4.29

Establishment of Wittenoom Residents Cohort 23, 26-28

5,097 Residents identified from 18,553 records collected
3,885 (76.2%) traced to an address in Australia between 1991 and 1993
3,244 (63.6%) sent a questionnaire in 1993
641 (12.6%) participating in cancer prevention program, (not sent a questionnaire as
information already obtained)
460 (9.0%) dead
51 (1%) permanently departed overseas
701 (13.8%) untraced
Following receipt of questionnaires
438 deleted from cohort
209 (47.7%) denied living at Wittenoom
22 (5%) lived at Wittenoom less than one month
152 (34.7%) no details on date of birth or period of residence
55(12.6%) duplicate records
4,659 Cohort total and status as at 1993
2,173 (46.6%) returned a questionnaire
641 (13.8%) participating in cancer prevention program
460 (9.9%) dead
51 (1.1%) permanently departed overseas
401 (8.6%) questionnaire not returned
383 (8.2%) questionnaire returned to sender
549 (11.8%) whereabouts unknown
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All former residents traced to an address in Australia (N=3,244, 64%) were sent a
questionnaire in 1993, excepting 641, (13%) who were participating in the cancer
prevention program and on whom the information was already available.24,

25

The

questionnaire ascertained their asbestos exposure experience including place and dates
of residence at Wittenoom, whether they lived with and/or washed the clothes of an
ABA worker as well as demographic characteristics. Upon receipt of questionnaires 438
were deleted from the cohort because they denied living at Wittenoom or there were no
details on date of birth or duration of residence at Wittenoom. As at the end of 1993
2,814 (61%) had returned a questionnaire or were participating in the cancer prevention
program, 460 (10%) were dead, 51 (1%) had permanently departed from Australia, 784
(17%) had not returned a questionnaire and 549 (11%) were not traced beyond the date
they left Wittenoom (Table 4.29).

People who were related to an ABA worker but were dead, untraced or did not respond
were assumed to have stayed at the same place and for the same period as the worker.
For those unrelated to an ABA worker, dates of residence were assumed the same as
other family members providing that at least one family member had completed a
questionnaire providing this information. For all other residents, dates of residence were
assumed identical to those listed on the public records used to identify the residents. If
the wife of an ABA worker who was known to have lived with that worker at
Wittenoom remained untraced it was assumed that she washed his clothes.

The residents‟ cohort has been continually updated since 1993 and this reflects any
difference in numbers shown here from previous reports.23, 26-28 As of 2000 there were
2,160 male and 2,608 female former residents of Wittenoom.29
Asbestos exposure measurements
Several surveys of dust counts were undertaken by the Mines Department of WA
between 1948 and 1958 using a konimeter. In 1966 airborne respirable fibres greater
than 5 microns in length were measured in a survey using a Casella long running
thermal precipitator at the minesite and in the town.22 Seven more surveys to gauge
environmental levels using personal and fixed positional monitors were undertaken in
and around the town from 1973 to 1992 when the town was officially closed.26 Based
on the results from these surveys, former residents were assigned an exposure intensity
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of 1.0 fibres per millilitre of air (f/ml) between 1943 and 1957 when a cleaner mill was
built and 0.5 f/ml for the period 1958 to 1966 when the mine and mill closed. Assigned
values ranged from 0.5 f/ml in 1966 reducing to 0.010f/ml in 1992 based on
interpolation from surveys using personal monitors. Cumulative exposure (f/ml-years)
for each resident was calculated by summing the product of fibre concentration for each
year and length of time spent at Wittenoom over the years of residence at Wittenoom,
and adjusted by a factor of 4.2 [=(24*7)/(8*5)] to allow for environmental exposure
occurring over 24 hours a day rather than the 8 hour working shift which was used to
determine the fibre levels.26 Cumulative exposure was calculated for the former ABA
workers by summing the product of estimated fibre concentration and length of time
spent in the job, for all their jobs.22 An additional amount was added to reflect 16 more
hours of daily residential exposure and a two day weekend.

Follow up and Case Ascertainment
Follow up of the women from Wittenoom and case ascertainment have been previously
described.21 All women not known to be dead and not participating in the cancer
prevention program24, 25 were searched for in the Marriage Register of WA from their
date last known to be alive to ascertain any possible change of name. Additionally birth,
death and marriage certificates of spouse or offspring were also sought in an attempt to
obtain the wife or mothers‟ date of birth and maiden name. Two hundred and thirty five
women (7% of those previously lost to follow up) were traced by this process. Fifty six
women were excluded from the dataset because they were resident at Wittenoom for
less than one month or because of insufficient identifying information. The final cohort
consisted of 2,968 women, (416 former ABA workers and 2,552 former residents). At
the end of 2004 556 (19%) were dead, 1,762 (59%) were alive and 650 (22%) were lost
to follow up.

Incident gynaecological and breast cancers were obtained from the Western Australian
Cancer Registry for the period 1982 – 2006. Cancers diagnosed between 1960 and 1982
were obtained by manually searching printed computer records of all cancer
registrations in Western Australia, as well as hospital admission records at all public
hospitals in Australia. Pathologists throughout Australia, and state and territory cancer
registries were sent a list of names of all cohort members and asked to search their
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records. The completeness of cancer registrations for cancers diagnosed before 1982 is
not known, therefore cancers prior to 1982 have not been included in the Standardised
Incidence Ratios. Incident cancers for women not resident in Western Australia were
obtained from every State and Territory Cancer Registry via the National Cancer
Statistics Clearing House to the end of 2002, excepting the state of Victoria which had
data available only to the end of 1997. Cancers were defined using the International
Classification of Diseases for Oncology, Second Edition30.

Verification of diagnosis
The WA Cancer Registry was searched for pathology reports on all women from
Wittenoom identified as being diagnosed with or dying from cancer of the ovary and
colon and peritoneal mesothelioma. Forty reports were reviewed by a pathologist (AS).
Histological sections were not reviewed in cases described as conventional
adenocarcinomas arising within the colon (N=25). Where the report stated ovarian
tumour, peritoneal fluid or colonic resection with unusual features, histological sections
were retrieved and reviewed and additional stains performed as necessary. Sections
were reviewed in 15 cases, 9 ovarian tumours, two peritoneal biopsies, two peritoneal
fluids, one case of peritoneal mesothelioma and one adenocarcinoma of the colon
extending into ovary.

Statistical Analysis
Standardised Incidence Ratios (SIRs) were calculated as the ratio of observed to
expected cancers. Expected cancers were calculated in five year time periods, using age,
period and cause specific cancer incidence rates provided by the WA Cancer Registry
for the period 1982-2006.

Expected cancers were calculated two ways to derive

minimum and maximum estimates because of loss to follow up among these women
and the almost complete ascertainment of cancers in Western Australia.22 To create the
minimum estimate, all women not diagnosed with a cancer, not known to be dead or to
have migrated were assumed cancer-free at the end of 2006, or if they were residents of
another Australian state or territory to the end of 2002 (excepting the state of Victoria to
the end of 1997). This method overestimates person-years at risk. To create the
maximum estimate all women not known to be diagnosed with a cancer, dead or
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migrated were assumed cancer free at their date last known to be alive. This method
underestimates person-years at risk. Both methods censored women at the age of 85
years if they were not known to have a cancer or to have died before reaching that age.
Ninety five percent confidence intervals were calculated assuming a Poisson
distribution of the observed cases.

A nested case-control design was used to examine exposure-response relationships
between asbestos exposure and cancer incidence with all available matching controls
who were born in the same 5 year period and who were at risk at the time the case was
diagnosed. Conditional logistic regression was performed to investigate the association
between asbestos exposure and cancer incidence. All gynaecological and breast cancers
diagnosed between 1960 and 2006 were included in this analysis, which was undertaken
using Stata 9.0.31

Results
Pathological Review
Among the nine ovarian tumours the original diagnosis of ovarian serous carcinoma
was confirmed in five cases, all of which demonstrated negative staining for the
mesothelial marker calretinin. Of the remaining four cases originally diagnosed as
ovarian tumour: one demonstrated serosal involvement of the colon by a serous
carcinoma of ovarian origin: one was confirmed as a borderline ovarian mucinous
tumour: one was a bilateral ovarian borderline serous tumours and one was a malignant
Brenner tumour.

The two peritoneal biopsy specimens both showed features of

adenocarcinoma, consistent with an ovarian primary. One other case showed extension
of a primary caecal adenocarcinoma into adherent ovarian tissue. In the remaining three
cases; two cases were of peritoneal fluid only, both demonstrating metastatic
adenocarcinoma which could not be further typed. There was one case of mesothelioma
in an abdominal wall biopsy, confirmed by immunohistochemistry and electron
microscopy; in this case it was difficult to determine whether the tumour was arising in
the pleural or peritoneal cavity. In short, none of the specimens had been misclassified
and the original diagnosis was confirmed in all instances. The borderline ovarian
tumours were included as ovarian cancers in the statistical analysis.
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Cancer Incidence
There were 145 incident cases of breast or gynaecological cancer among the 2,968
Wittenoom women between 1960 and 2006 (Table 4.30). There was no difference
between cases and non cases in terms of decade of arrival at Wittenoom, but 56% of
subsequent ovarian cancer cases and 37% of cervical cancer cases were 40 years or
older when they first arrived, compared with 10% of non cancer cases. Duration of
residence at Wittenoom differed between women with more than 60% of ovarian,
cervical and uterine cases staying for one year or less compared with 47% of breast
cancer cases or 45% of non cases. Most women had an estimated cumulative asbestos
exposure of less than 10 f/ml-years. Of those women who were former residents 83% of
uterine, 54% of ovarian and cervical and 68% of breast cancer cases compared with
64% of non cases were known to have lived with an ABA worker. Forty six percent of
cervical cancer cases among former residents reported washing the clothes of an ABA
worker.

222

Table 4.30
ICDO-2 Code

Characteristics of cancer cases and non cases among women from Wittenoom for all cancers diagnosed between 1960
and 2006
Ovarian Cancer
C560 – C569
N (%)

Year of arrival at Wittenoom
1940s
1950s
1960s
1970s
Unknown
Age of arrival at Wittenoom
<15 years
15 - < 40 years
40 years or more
Unknown
Duration of Exposure
< 1 Year
1 - < 3 years
3 - < 5 years
5 years or more
Unknown
Cumulative Exposure f/ml years
0-9.9 f/ml years
10-19.9 f/ml years
20-29.9 f/ml years
30.0-39.9 f/ml years
40 + f/ml years
Unknown
Cohabit with asbestos worker (residents only)
Yes
No
Unknown
Wash clothes of asbestos worker (residents only)
Yes
No
Unknown
Former ABA Worker
Total

Cervical Cancer
C530 – C539
N (%)

Uterine Cancer
C540 – C549
N (%)

Breast Cancer
C500 – C509
N (%)

Non Cases
N (%)

0
7 (44)
8 (50)
1 (6)
0

0
8 (42)
10 (53)
1 (5)
0

2 (14)
7 (50)
4 (29)
1 (7)
0

6 (6)
39 (41)
42 (44)
8 (8)
1 (1)

109 (4)
1030 (36)
1257 (45)
402 (14)
25 (1)

3 (19)
4 (25)
9 (56)
0

2 (11)
10 (53)
7 (37)
0

2 (14)
11 (79)
1 (7)
0

25 (26)
61 (64)
9 (9)
1 (1)

1190 (42)
1329 (47)
269 (10)
35 (1)

11 (69)
3 (19)
1 (6)
1 (6)
0

12 (63)
2 (11)
2 (11)
3 (16)
0

9 (64)
4 (29)
1 (7)
0
0

45 (47)
20 (21)
18 (19)
13 (14)
0

1261 (45)
752 (27)
430 (15)
350 (12)
30 (1)

15 (94)
1 (6)
0
0
0
0

16 (84)
3 (16)
0
0
0
0

12 (86)
2 (14)
0
0
0
0

75 (78)
16 (17)
2 (2)
3 (3)
0
0

2345 (83)
289 (10)
96 (3)
36 (1)
26 (1)
31 (1)

7 (54)
6 (46)
0

7 (54)
6 (46)
0

10 (83)
2 (17)
0

54 (68)
25 (32)
0

1559 (64)
823 (34)
52 (2)

3 (23)
5 (38)
5 (38)
3 (19)
16

6 (46)
5 (38)
2 (15)
6 (32)
19

4 (33)
4 (42)
3 (25)
2 (14)
14

25 (32)
33 (42)
21 (27)
16 (17)
96

528 (22)
1242 (51)
664 (27)
389 (14)
2823
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Among all Wittenoom women and the former residents the incidence of gynaecological
cancers, but not breast cancer, was slightly higher than that of the Western Australian
female population, irrespective of which censoring method used (Table 4.31). However,
none of these findings were significantly different from the Western Australian female
population rates. The incidence of breast cancer was similar to that observed in the WA
female population.
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Table 4.31

Observed cases and Standardised Incidence Ratios (95% CI) for reproductive and breast cancers in Wittenoom women,
1982 – 2006

Cancer Incidence

Ovarian Cancer

Cervical Cancer

Uterine Cancer

Breast Cancer

ICDO-2 Code

C560 – C569

C530 – C539

C540 – C549

C500 – C509

All women
Observed
SIR 1* (95% CI)
SIR 2**(95% CI)

11
1.05 (0.43-1.67)
1.27 (0.52-2.02)

13
1.21 (0.55-1.86)
1.44 (0.66-2.22)

13
1.01 (0.46-1.56)
1.23 (0.56-1.90)

88
0.90 (0.73-1.10)
1.10 (0.87-1.33)

ABA Workers
Observed
SIR 1* (95%CI)
SIR 2**(95%CI)

1
0.49 (0.01-2.74)
0.65 (0.02-3.64)

3
1.85 (0.38-5.41)
2.38 (0.49-6.96)

2
0.79 (0.10-2.84)
1.04 (0.13-3.74)

14
0.82 (0.39-1.25)
1.07 (0.51-1.62)

Residents
Observed
SIR 1* (95%CI)
SIR 2**(95%CI)

10
1.18 (0.45-1.91)
1.40 (0.53-2.28)

10
1.10 (0.42-1.78)
1.28 (0.49-2.08)

11
1.07 (0.44-1.70)
1.27 (0.52-2.03)

74
0.92 (0.71-1.13)
1.11 (0.86-1.36)

* minimum estimate - censored at earliest of: date of diagnosis, date of death, date aged 85 or end-date of State Cancer Registry follow-up.
** maximum estimate censored at earliest of: date of diagnosis, date of death, date aged 85 or date last known to be alive.

225

Among former ABA workers the incidence of ovarian cancer was less than half of that
of the WA female population. The incidence of cervical cancer was between 85% and
240% greater than that of the WA population but this increase was not statistically
significant and was based on only three cases. The incidence of uterine and breast
cancers among former ABA worker was similar to that of the WA population.

Exposure-response relationships between characteristics of asbestos exposure and the
four sites of incident cancer are shown in Table 4.32. For all sites, the risk decreased
with categories of time since first exposure. Those women who had 40 or more years
time since first exposure had a statistically significant lower risk for all cancer sites,
excepting uterine cancer, than those who had less than 20 years time since first
exposure.
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Table 4.32

Characteristics of asbestos exposure and cancer incidence, 1960-2006,
among the former Wittenoom women. Nested case control, cases and
non cases matched on age. OR (95%CI)

Time Since First Exposure
Ovarian Cancer
Cervical Cancer
Uterine Cancer
Breast Cancer
Intensity of Exposure
Ovarian Cancer
Cervical Cancer
Uterine Cancer
Breast Cancer
Year of Arrival
Ovarian Cancer
Cervical Cancer
Uterine Cancer
Breast Cancer
Age of first exposure
Ovarian Cancer
Cervical Cancer
Uterine Cancer
Breast Cancer
Duration of Exposure
Ovarian Cancer
Cervical Cancer
Uterine Cancer
Breast Cancer
Live with Asbestos worker±
Ovarian Cancer
Cervical Cancer
Uterine Cancer
Breast Cancer
Wash clothes±
Ovarian Cancer
Cervical Cancer
Uterine Cancer
Breast Cancer
Former ABA Worker
Ovarian Cancer
Cervical Cancer
Uterine Cancer
Breast Cancer

<20 years
1.00
1.00
1.00
1.00
<2 f/ml
1.00
1.00
1.00
1.00
1940/50s
1.00
1.00
1.00
1.00
<15
1.00
1.00
1.00
1.00
<1 year
1.00
1.00
1.00
1.00
No
1.00
1.00
1.00
1.00
No
1.00
1.00
1.00
1.00
No
1.00
1.00
1.00
1.00

20-<30 years
0.12 (0.02-0.67)*
0.44 (0.15-1.26)
0.32 (0.02-5.08)
0.86 (0.41-1.88)
2+ f/ml
0.66 (0.24-1.81)
0.29 (0.12-0.72)**
2.43 (0.54-10.9)
0.93 (0.60-1.45)
1960s
1.84 (0.66-5.13)
1.61 (0.63-4.14)
0.68 (0.21-2.21)
1.22 (0.79-1.88)
15-40
0.27 (0.05-1.41)
2.53 (0.53-12.1)
0.40 (0.07-2.14)
0.49 (0.29-0.83)
1-<3 years
1.46 (0.13-1.66)
0.26 (0.06-1.17)
0.75 (0.23-2.42)
0.79 (0.46-1.34)
Yes
0.38 (0.13-1.15)
0.39 (1.13-1.17)
1.55 (0.34-7.08)
0.77 (0.48-1.27)
Yes
0.40 (0.09-1.75)
1.28 (0.37-4.41)
0.43 (0.11-1.62)
0.66 (0.39-1.14)
Yes
1.01 (0.29-3.55)
2.30 (0.87-6.11)
0.64 (0.14-2.87)
0.86 (0.49-1.50)

30-<40 years
0.22 (0.06-0.77)*
0.07 (0.02-0.27)**
0.68 (0.08-5.84)
0.56 (0.27-1.16)

40 + years
0.02 (0.01-0.10)**
0.01 (0.00-0.06)**
0.24 (0.03-1.99)
0.10 (0.04-0.21)**

1970/80s
1.43 (0.17-11.9)
0.84 (0.10-6.83)
1.09 (0.14-8.69)
1.15 (0.51-2.55)
40 + years
1.90 (0.35-10.5)
13.9 (2.2-90.2)**
0.11 (0.01-1.44)
0.24 (0.10-0.59)
3+ years
0.27 (0.06-1.20)
0.61 (0.21-1.73)
0.17 (0.02-1.33)
1.15 (0.72-1.84)

Unknown
1.30 (0.37-4.57)
0.72 (0.14-3.76)
0.73 (0.17-3.06)
1.01 (0.58-1.77)

±

Residents only
* p<0.05, **p<0.01

The risk of cervical cancer increased twofold among those aged 15 to 40 years
compared with those aged less than 15 years when first exposed to asbestos, but this
increase was not statistically significant. However, women aged 40 or more years at
first exposure had a statistically significant 14 fold risk of cervical cancer (p<0.01)
compared with those aged less than 15 years when first exposed to asbestos. Similarly,
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among women first exposed to asbestos aged 40 years or older the risk of ovarian
cancer was increased, but not statistically significantly. There was a more than twofold
increased risk of cervical cancer among women who were former ABA workers
compared with those who were former residents, and a slight increase (30%) among
those who reported washing the clothes of an ABA asbestos worker, but neither of these
increases was statistically significant. There was an inverse relationship with intensity
of exposure and cervical cancer risk with the risk being 70% lower among those who
had an intensity of 2 f/ml or more compared with those with an intensity of <2 f/ml,
(Table 4.32). Excepting time since first exposure, ovarian, uterine and breast cancer
were not associated with any other measure of asbestos exposure.

Discussion
In this study the incidence of gynaecological cancer among the former Wittenoom
women and girls has tended to be higher than among those in the Western Australian
female population. In particular, cancer of the cervix was two times greater among the
former ABA workers than among the WA female population. However these excesses
were not statistically significant.

None of the ovarian, colon or peritoneal cancer

specimens available for examination had been misclassified and the original diagnosis
was confirmed in all instances. Examination of exposure-response relationships showed
that the risk of ovarian, cervical and breast cancer were inversely related to time since
first exposure.

Excess mortality from ovarian cancer has been reported in earlier studies of women
occupationally exposed to asbestos, although exposure-response relationships have been
inconsistent. Two cohort studies of World War II gas mask workers in England,
exposed to crocidolite, showed excess mortality from ovarian cancer.1, 2 The excess was
greatest among those heavily exposed (SMR 1,481, p<0.001).1 Another cohort of gas
mask workers exposed to chrysotile reported non significant excesses of ovarian cancer
mortality.2 Studies of women exposed to asbestos in textile factories or asbestos cement
manufacturing reported a statistically significant excess mortality from ovarian cancer
but no consistent relationship with asbestos exposure.3-5,

10

Female ABA workers at

Wittenoom mostly worked in the company offices, shop and hotel. Their occupational
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exposure was unlikely to have been as high as that reported for women in the earlier
cohorts, which may explain why no excess risk of ovarian cancer was observed.

Mesothelioma has until relatively recently been difficult to diagnose and it was
particularly difficult to distinguish between peritoneal mesothelioma and ovarian serous
carcinoma.32 Peritoneal mesotheliomas have also been reported in several of the studies
that reported excess mortality from ovarian cancer. Among East London factory
workers a review of pathology showed that one peritoneal mesothelioma had been
misclassified as an ovarian carcinoma.5 Misclassification of peritoneal mesotheliomas
as ovarian cancers, in these studies with so few cases of ovarian cancer, would
overestimate any reported effect of asbestos exposure. Possible misclassification of
peritoneal mesotheliomas as ovarian cancers may explain why these earlier studies
reported excess mortality from ovarian cancer. In this present study we reviewed all
pathology specimens of ovarian and colon cancer and peritoneal mesothelioma and
failed to find any misclassification. If misclassification of peritoneal mesothelioma as
ovarian cancers occurred in those earlier studies that reported excess mortality from
ovarian cancer, our not finding any misclassification of peritoneal mesotheliomas may
contribute to why we also failed to find any excess risk for ovarian cancer in this cohort.

Experimental studies have shown that injection of asbestos fibres (tremolite) into the
peritoneal cavity produced epithelial changes in the ovaries of guinea pigs and rabbits,
similar to those seen in early ovarian cancer patients.33 Heller et al11 found significant
numbers of asbestos fibres in the ovaries of 9/13 women with household asbestos
exposure. Three women had asbestos fibre counts over one million fibres per gram wet
weight.

Six out of 17 women with no reported history of asbestos exposure had

significant amounts of asbestos fibre detected in their ovaries. The authors concluded
that particulate matter can reach the peritoneal cavity via the transvaginal route and that
sexual contact with a male contaminated with asbestos fibres may introduce those fibres
into the vagina and subsequently to the ovaries.11 However, this sexual contact
hypothesis has generally not been supported by the results shown here from the
Wittenoom women. Women who reported washing the clothes of an ABA worker were
more likely to be sexual partners of ABA workers. No particular excesses for any of the
cancers examined were observed among this group or among those who reported living
with an ABA worker.
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Occupational exposure to asbestos has also been associated with excess mortality from
cervical cancer. Cervical cancer mortality was increased, but not statistically
significantly, among World War II gas mask workers.1, 2 Another cohort of gas mask
workers exposed to chrysotile reported non significant excesses of cervical cancer
mortality,2 and non statistically significant excesses of cervical cancer have also been
reported among asbestos textile and cement manufacturers but again with no consistent
association with asbestos exposure.6, 10 Among women compensated for asbestosis in
Italy there was an increased risk for uterine cancer but the authors did not distinguish
between cervix and corpus and could not examine exposure-response relationships.7
The present study has the advantage of examining cancer incidence rather than
mortality, with mortality reflecting both risk and survival, whereas incidence reflects the
risk of disease. A non statistically significant excess incidence of cervical cancer among
former ABA workers has been found in the present study, but this was based on only
three cases. Former ABA workers had a two fold risk of cervical cancer compared with
former residents.

Excess mortality from breast cancer has not been found in most of the studies that
examined the mortality of women occupationally exposed to asbestos.1, 2, 4, 7 The only
study to suggest any association found a non significant excess (p=0.08) among women
factory workers with severe exposure of two or more years duration.10 Consistent with
this, excess incidence of breast cancer has not been found among the former Wittenoom
workers and excepting an inverse relationship with time since first exposure, no other
exposure-response relationships were confirmed.

Among women exposed environmentally or domestically to asbestos only a few studies
have reported mortality or incidence from causes other than mesothelioma or lung
cancer.34 Excess mortality (but not significant statistically) from ovarian cancer was
reported among the wives of asbestos factory workers. Reduced risks for uterine and
breast cancer were also reported.35 The associations did not change with longer followup.36 Crude death rates were similar for breast and cervical cancer mortality among
residents of Da-yao China, exposed to surface crocidolite and a comparison group
located 200km away. Ovarian cancer was not examined.37

Among the former
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Wittenoom residents, there was no statistically significant excess incidence of ovarian,
cervical or breast cancer.

The women from Wittenoom had a lower risk of ovarian cancer and a higher cervical
cancer risk compared with the Western Australian population. Wittenoom was an
isolated mining town, working and living conditions were hard and its population was
largely transient. Sociodemographic factors such as low socioeconomic status and
related life-style risk factors of parity, number of sexual partners, age at first childbirth,
tobacco smoking and human papilloma virus may be largely responsible for the cancer
incidence patterns observed in this cohort.38-40

Twenty two percent of the women were lost to follow up, most from the time they left
Wittenoom. Western Australian marriage, birth and death records were searched to
identify any name changes and to improve follow up. However, follow up was more
difficult among women who were not living in Western Australia subsequent to leaving
Wittenoom. Cancer incidence was available to the end of 2006 for women in Western
Australia, but only until 1997 for Victoria, the second most populous Australian state,
or 2002 for the remaining states and territories. In the same vein, we do not know how
complete our cancer records are prior to 1982 when the Cancer Registries were
established. Also, former male ABA workers who returned to Italy have been traced but
not their wives or families.41,

42

Consequently the results of this study may

underestimate the number of gynaecological and breast cancers that have occurred
among the Wittenoom women.

A further limitation of this study was its inability to account for individual and lifestyle
factors that may influence the incidence of gynaecological cancers. Follow up of the
Wittenoom was passive via cancer and mortality registers and does not provide any
women

information about childbearing, use of oral contraceptives, age of menarche or
menopause, tubal ligation or presence of human papilloma virus. These factors are not
confounders as they are unlikely to be associated with asbestos exposure, although they
are independent risk factors. These factors have not been adjusted for in the creation of
the expected rates using the WA age adjusted female population so lacking this
information should not overestimate our risk estimates.
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Conclusion
Among the Wittenoom women there was no consistent evidence of an increased risk of
gynaecological and breast cancers compared with the WA population. Ovarian cancers
and peritoneal mesotheliomas have not been misclassified in this cohort.
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Abstract
Among 2,968 women and girls exposed to crocidolite (blue asbestos) at Wittenoom,
three cases of choriocarcinoma and three cases of hydatidiform mole have been
identified. The women with choriocarcinoma were resident at Wittenoom at the time of
disease development whereas hydatidiform mole occurred much later in women who
had first been exposed to asbestos as young girls. Four out of the six cases were known
to have lived with asbestos company workers who brought their dusty work clothes
home for washing. Asbestos fibres have been reported in the lung and pleural and
peritoneal mesothelium and the human ovary.

They have also been detected in

placental digests of live and stillborn infants. This cluster of gestational trophoblastic
diseases, with some biological plausibility for asbestos causation, raises the possibility
of a causal relationship. Taking an occupational and residential history and examining
pathological specimens for asbestos fibres or bodies may prove useful in patients with
gestational trophoblastic disease.
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Background
Gestational Trophoblastic Disease (GTD) collectively names a spectrum of disorders of
abnormally proliferating trophoblasts from benign hydatidiform moles to malignant
choriocarcinoma (cancer of the placenta). Most commonly they occur after a
pregnancy.1 They are very rare.

In Australia in 2003 there were 6 cases of

choriocarcinoma recorded nationally.2 In 2003-04 there were 540 reported hospital
separations with the principal diagnosis of hydatidiform mole.3

Known risk factors for GTD include maternal age, (those younger than 20 years and
older than 40 years experiencing the highest risk), having a history of hydatidiform
mole and using oral contraceptives (the risk increasing with the duration of use). The
incidence of these diseases is highest in Asia (excepting Japan), South America, Africa
and the Middle East and lowest in Oceania, Japan and Southern, Western and Northern
Europe.4

Almost 3,000 women and girls (41% were aged less than 15 years on first arrival) lived
and worked at Wittenoom, a crocidolite (blue asbestos) mining and milling town in
remote Western Australia, between 1936 and 1992. Between 1943 and 1966 the
principal mining leases were operated by the Australian Blue Asbestos Company
(ABA). Two thousand five hundred and fifty two women lived in the town (about
12km from the mine and mill) but did not work for the asbestos company whilst a
further 416 were ABA employees (mostly in the company shop, offices and hotel). The
mine-site and township were heavily polluted with asbestos and tailings from the mine
were distributed around the town.5 The mortality and cancer incidence of this cohort of
women has been reported elsewhere.6,7

Three cases of choriocarcinoma were brought to our attention following publicity about
our study examining the health of the women from Wittenoom.7 A survivor of
choriocarcinoma contacted one of us (AR) and gave details of her hospital admission
and treatment in 1963. She discussed two other women from Wittenoom being treated
for the same condition at around the time she was treated. She named one whose death
certificate and pathology specimens have subsequently been traced. She was unable to
name the second case, but was definite that her disease was the same and that she
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worked for ABA at Wittenoom. Linking our cohort to the Hospital Morbidity Data
Collection for WA (a record of all WA hospital separations), from 1970 to the end of
2004 identified three cases of hydatidiform mole (International Classification of
Diseases Volume 8, 634.2 and Volume 9, 630) among the 63% of women who were
known to have resided in WA subsequent to leaving Wittenoom.

All three choriocarcinoma cases were living at Wittenoom at the time they developed
the disease. Two died from the condition (Cases Two and Three) although we could
only trace one death certificate. Two worked for ABA: Case One in the shop in town
whilst Case Two was listed as „casual‟ in her employment records. Case One was
exposed to asbestos for two years prior to her diagnosis (just after the birth of her
second child). Her father, mother and sisters were all ABA workers. ABA workers
brought their dusty work-clothes home for washing. Case Two lived most of her life at
Wittenoom, her father and brothers were ABA workers. She was also resident in
Wittenoom at the time when the “old mill” was in operation and the town was shown to
be much dustier.5 She developed choriocarcinoma 13 years after first exposure to
asbestos. We have limited knowledge about Case Three, other than anecdotal
information that she worked at the mine office which was located within one kilometre
of the mill and was documented to have been heavily polluted with asbestos dust. 8 She
spontaneously aborted whilst living at Wittenoom.

The age at first exposure to asbestos among the three women who subsequently
developed a hydatidiform mole was very young. All three were born at Wittenoom or
were there from one month of age. Case Four‟s father worked for ABA. Case Six was
born at Wittenoom after the closure of the mine and mill, but lived in the town for 20
years. Her father was a miner, but did not work for ABA. Time since first exposure to
asbestos was shorter among the women who developed choriocarcinoma than among
the women who developed a hydatidiform mole.

Pathological Findings
Pathology specimens were obtained for one case of choriocarcinoma and two cases of
hydatidiform mole. The choriocarcinoma, in addition to a malignant mixed germ cell
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tumour (dysgerminoma and choriocarcinoma) showed a component of gonadoblastoma.
Gonadoblastomas are almost exclusively (96%) found in patients with gonadal
dysgenesis9, so it is unlikely that asbestos caused this particular choriocarcinoma.

The hydatidiform moles showed fragments of decidua and gestational type
endometrium admixed with chorionic villi. Immunostaining showed the loss of staining
in the villous trophoblast in one (an early complete hydatidiform mole) and no loss of
staining in the other (a partial hydatidiform mole).

Asbestos (ferruginous) bodies were looked for on both the Hematoxylin and Eosin (H &
E) Stain and a Prussian Blue Reaction (PBR), performed on slides cut from each block
of the cases and examined under light microscopy. No asbestos or ferruginous bodies
were observed in any of the slides.

Discussion
It is biologically plausible that asbestos exposure could be associated with these
uncommon diseases. Asbestos fibres have been reported in the placental digests of live
and stillborn infants10-12 of women who were not specifically asked about asbestos
exposure. The fibre burden was higher in the infants of employed mothers. The mean
placental asbestos fibre count was 52,894 fibres/g (range 12,000 – 252,000 fibres/g). A
statistically significant association was found between the presence of fibres and
placental diseases OR 2.8 (95%CI 1.0-7.8 p=0.041).11 Haque et al found that the
number of fibres present in the stillborn placenta were similar to the number present in
the stillborn foetal tissue and that placental and foetal liver digests had higher fibre
burdens than foetal lung and muscle digests suggesting that the fibres were blood borne.
This suggests that transplacental transfer of fibres occurs via the maternal circulation.11
In support of this theory, chrysotile (white asbestos) fibres have been observed in
newborn mice following gavage feeding of their pregnant mothers suggesting that the
fibres can pass across the placental barrier.13,14 The placental fibre burden may be
greater among women with known, heavy asbestos exposure, such as occurred among
the women at Wittenoom.7 Asbestos fibres or asbestos bodies have been found in the
lung, pleural and peritoneal mesothelium, the spleen and the ovary, many years after
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exposure to asbestos.15,16

Among the cases reported in this paper, asbestos or

ferruginous bodies were not observed in any of the specimens.

The rate of GTD increased sharply during the 1970s and 1980s in the Ho Chi Minh City
(Saigon) area of Vietnam, which was heavily bombed and targeted with herbicides and
pesticides during the Vietnam war.

The effects of Agent Orange and dioxin

contaminants and incidence of GTD has been investigated and no increased risk of GTD
found, although the exposure levels were measured indirectly.4 Vietnam imported
asbestos from Russia, Canada and China for use in the manufacture of asbestos cement
roofing tiles from the 1970s.17 It is likely that asbestos was released into the
environment as a result of the bombing of Hoh Chi Minh City and therefore may have
contributed to the observed increase in GTD incidence. Among the Wittenoom women,
the choriocarcinomas occurred when the women were living at Wittenoom, and may
have been a more immediate response to asbestos exposure. The hydatidiform moles
occurred years later in women who had been very young girls at Wittenoom, possibly as
a result of the prolonged presence of asbestos in ovarian tissue.

It was possible to obtain documentary evidence on only one of the cases of
choriocarcinoma. The treating hospital had destroyed records prior to 1966 and the
treating physician had died. The Hospital Morbidity Data Collection did not commence
until 1970 and the Western Australian Cancer Registry did not commence until the early
1980s. Hydatidiform mole information is further limited because our search of the
Hospital Morbidity Data Collection was restricted to those women still residing in
Western Australia, or being admitted to hospital in Western Australia. This could
underestimate the incidence of choriocarcinoma and hydatidiform moles in this cohort.

Conclusion
This cluster of gestational trophoblastic diseases, with some rationale for asbestos
causation, warrants further research. Taking an occupational and residential history and
examining pathological specimens for asbestos fibres or bodies may prove useful in
patients with gestational trophoblastic disease.
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Chapter 5.

DISCUSSION

This thesis has confirmed the relationship between occupational and general
environmental exposure to crocidolite asbestos and malignant mesothelioma in the
women from Wittenoom. It has not confirmed a relationship between asbestos exposure
and lung cancer. Like other studies of non-occupationally exposed cohorts, it did not
find a significant exposure-response relationship between environmental exposure to
asbestos and lung cancer mortality or incidence.

The thesis has broadened our

knowledge about the relationship between crocidolite exposure and reproductive
cancers and gestational trophoblastic diseases. It has identified that men and women
may respond differently when exposure to asbestos appears to be the same. These
findings have implications for further research and public policy which will be
discussed later in this chapter.

Women from Wittenoom were more likely to die from malignant mesothelioma and
lung cancer, all causes and all-cancers, than the Western Australian female population.
The female residents also had excess mortality from symptoms signs and ill-defined
conditions and pneumoconiosis whilst cervical cancer (SMR2) was in excess among
female ABA workers compared with women in the Western Australian general
population. Mortality from upper aero-digestive cancers, diseases of the genitourinary
system, mental disorders, alcoholism and cirrhosis of the liver and cancer of the kidney
and larynx were also in excess among the former female ABA workers, but not
statistically significantly so. All of the Wittenoom women had a lower risk of dying
from circulatory diseases than the general population, which may result from a „healthy
worker‟ effect or competing risks. Exposure-response relationships between cumulative
asbestos exposure and malignant mesothelioma mortality and incidence, but not lung
cancer, were observed among women residents as well as workers.(Papers One, Two,
Three and Supplement to Paper Three). These findings generally concur with the cohort
studies of women occupationally and environmentally exposed to asbestos discussed in
Chapter Three, although the majority of those studies were not able to examine
exposure-response relationships.
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There are several possible reasons why a significant exposure-response relationship
between cumulative asbestos exposure and lung cancer was not found among the
Wittenoom women. Possible errors in estimating the women‟s exposure may have
biased the results towards the null, therefore showing no relationship. For the resident
women the exposures were based on environmental measures taken at certain time
points. Additionally the number of sites sampled included in the dust surveys was small
and did not permit any differences in exposure across town to be gauged. This provided
a somewhat limited range of exposure values which may have lead to a reduced
statistical power resulting in an inability to demonstrate any possible association.

A primary hypothesis considered in this thesis is that women are more susceptible to
mesothelioma than men. This has been suggested by several studies1-3 discussed in
Chapter Three but none of these studies have been able to account for the degree of
asbestos exposure. The findings from this thesis show that women residents from
Wittenoom are not more susceptible to mesothelioma than their male counterparts.
Women residents had a steeper exposure-response curve but consistently lower rates of
mesothelioma mortality compared with male residents. Although the exposure-response
curve was steeper among the women the overall risk of mesothelioma was greater
among men with exposures of 50 f/ml-years and less, a dose which covered 99% of the
residents (Paper One).

There are several potential explanations for why it is that men who were also exposed as
residents, at the same levels of exposure, have higher rates of mesothelioma. Lung
physiology may play a role however numerous lung function studies show that women
have smaller lung volumes, but a higher expiratory flow rates (and higher ratio of FEV1
to FVC) than men which may lead to a greater alveolar fibre deposition rate and greater
fibre retention than in men with larger lungs.4-6 If this is so then it is not sufficient to
measure the environmental concentration as there are potential differences in uptake and
clearance of fibres. Secondly, it may be related to the nature of exposure and
consequently greater exposure measurement error in men than women. Men may be
exposed in different ways in the residential environment than women. They may have
had exposure subsequent or prior to their residence at Wittenoom and also their
residential exposure may have been enhanced by hobbies such as home handyman,
gardening or casual labouring. The resident men who developed mesothelioma had a
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shorter latency (lag) period than the resident women, which suggests that they may have
had higher exposure than the resident women. Latency has been found in this study and
others to be shorter among those with higher exposure (Paper Two).7

One of the major challenges in environmental epidemiology is exposure assessment.
The Wittenoom residents‟ study has attempted to improve exposure assessment but it
still did not provide individual exposure levels and there were several interpolations
between years and across areas. If individual levels of exposure were available then any
differences in mesothelioma rates and exposure levels between women and men, as
reported in Paper One, may have been seen more clearly. The resident men probably
had higher exposures but there is no way to confirm this. The use of personal monitors
is probably unrealistic in an environmental setting (although it might be possible to
correct for exposure based upon laboratory experiments).

Nine

cohort studies of occupationally exposed women2,8-13, and one cohort of

environmentally exposed women14,15 discussed in Chapter Three reported excess
mortality from cancer of the ovary and cervix and suggested that asbestos exposure may
cause ovarian cancer. However, few of these studies were able to account for the
intensity of asbestos exposure and several also reported a high incidence of peritoneal
mesothelioma. The findings from the present study generally do not concur with those
earlier studies. Ovarian cancer incidence and mortality were not increased among either
group of Wittenoom women, while excess mortality from but not incidence of cancer of
the cervix was found among former ABA workers but not residents. (Papers Two, Three
and Five and Supplement to Paper Three). Generally exposure-response relationships
were not present, although there were inverse exposure-response relationships for all
reproductive cancers and time since first exposure, and for cervical cancer and intensity
of exposure. All available ovarian, colon and peritoneal cancer pathology specimens
were reviewed in this study and all had their original diagnosis confirmed. None were
considered to be misclassified. The excess mortality from ovarian cancers reported in
earlier studies may have been malignant mesotheliomas misdiagnosed. Breast cancer
risk was not increased among the women from Wittenoom and was not associated with
cumulative asbestos exposure in this study (Paper Five), a finding similar to most other
studies discussed in Chapter Three.
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This study reported a cluster of gestational trophoblastic diseases among the Wittenoom
women (Paper Six). Review of pathology specimens available on three of the cases (one
choriocarcinoma and two hydatidiform moles) and staining with Prussian Blue Reaction
confirmed the original diagnosis but did not reveal any asbestos bodies. These diseases
have not been examined in other cohorts of asbestos exposed women.

Finally, using models that accounted for competing risks, time since first exposure and
allowing for an annual rate of fibre clearance from the lung, this study predicted that a
further 66 to 87 mesotheliomas would occur among the Wittenoom women to 2030.
(Paper Four)

5.1.1.

Strengths and limitations of this thesis

Comprising almost 3,000 women, the cohort of Wittenoom women is one of the largest
studies of women exposed to asbestos. Only one published report of a cohort of
chrysotile spinners in China contained more women.16 In addition, the Wittenoom
women have been followed up for more than 60 years both retrospectively and
prospectively at national and state cancer, mesothelioma and death registries, as well as
through participation in a cancer prevention program.17 However, following up women
for decades is difficult. Many workers were transient, moving to take mining or other
work when it was available and as a result the women moved frequently. In addition
there were frequent name changes because of marriage and divorce. Hence among the
Wittenoom women 22% were lost to follow up, most from the time that they left
Wittenoom. A thorough search of the Marriage Registry of Western Australia identified
more than 200 women who had changed their names. Because this work required an
individual to trawl through paper records at the registry, this search was not possible to
conduct in the other states of Australia. In an attempt to overcome the problems of
under or overestimation depending on the method used to censor those lost to follow up,
maximum and minimum estimates of the SMR‟s were presented in this thesis with the
expectation that the „true‟ SMR would lie somewhere in between.

Wittenoom provided the opportunity to study women who were exposed to asbestos in
their environment and/or occupation. Yet this was a small community and at its largest
had a population of around 500, with less than 50% women. So while over the lifetime
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of the mine and mill operation and the existence of Wittenoom, the number of women
who were exposed accumulated, the outcomes for specific diseases were often too small
for exposure-response relationships to be examined.

Quantitative asbestos exposure measurements have been estimated previously on the
Wittenoom women.18,19 Measures of intensity of exposure (f/ml) and cumulative
exposure (f/ml-years) were estimated and duration of exposure was obtained from
public or employment records. However there are limitations with these measures
resulting from the way they were derived. The ABA workers‟ exposures were estimated
from their place and period of work and the residents from their duration and period of
residence. Therefore, they may differ from the „actual‟ exposure the women received
during their time at Wittenoom. For the residents we have information on whether they
lived with an ABA worker and laundered the clothes of an ABA worker, but we have no
knowledge about any particular behaviour of the women that may have influenced their
exposure experience whilst at Wittenoom. Also, the exposure measurements are likely
to be underestimates for the women ABA workers as was discussed in Paper Two. We
do not know which ABA workers lived with or washed the clothes of their ABA-worker
partners. Nevertheless, the presence of exposure-response relationships indicate some
internal validity.

This study examined both cancer incidence and mortality, unlike most studies of
asbestos exposed women discussed in Chapter Three which examined the cause of
death as listed on the death certificate. One benefit of examining cancer incidence lies
largely in the confirmation of the disease by pathology, whereas the cause of death
listed on the death certificate is prone to misclassification.20,21 Also, for some cancers,
the patterns of incidence and mortality may be quite different.

Among the ABA

workers the SMR for ovarian cancer showed a twofold non significant increase (SMR1
1.81-SMR2 2.52), whilst the SIR was non significantly reduced (SIR1 0.50- SIR2 0.72).
For all the other cancers in which incidence and mortality was examined the magnitude
was similar in both.

Comparing the findings from the Wittenoom women with findings reported
elsewhere18,22 among the Wittenoom workers (largely male), this study has shown that
there were fewer cases of mesothelioma among the women, that their pattern of
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mesothelioma incidence was different, that they had less asbestos exposure and
demonstrated no exposure-response relationship for lung cancer. Women residents also
had lower mesothelioma rates but a steeper exposure-response curve than the male
residents. This highlights the value of examining outcomes separately for women and
men.

This study reviewed the pathology records of all cases identified as ovarian cancer,
peritoneal cancer, peritoneal mesothelioma and colon cancer in an attempt to confirm
the original diagnosis and to ascertain that misclassification with peritoneal
mesothelioma had not occurred. Specimens were re-examined where the report stated
ovarian tumour, peritoneal fluid or colonic resection with unusual features and the
findings discussed (page 217) in Paper Five. I am reasonably confident that ovarian and
colon cancers have not been misclassified as peritoneal mesotheliomas and vice versa.
This may explain why ovarian cancer incidence was not greater among the Wittenoom
women than among the Western Australian female population.

This study lacked information on potential confounders for many of the women. The
most serious omission was information on smoking status. This was important in
particular for lung and cervical cancer. Sixty percent of the women residents and 34%
of the women workers had completed a smoking history and by using Axelson‟s
adjustment we were able to adjust the lung cancer SMRs and SIRs down to account for
tobacco smoking. In the examination of reproductive cancers we had no individual
information on reproductive history, oral contraceptive use, sterilisation, age of
menarche or menopause. However, these are not likely to be confounders as they are
improbably associated with asbestos exposure.

This study did not examine benign pleural diseases in the Wittenoom women, but
instead restricted the analysis to diseases listed on death certificates or cancer pathology
reports. Serial x-rays have been performed on approximately 600 Wittenoom women
participating in a cancer prevention program17,23 but for the vast majority no such record
exists. It is expected that the prevalence of benign pleural diseases would be high in this
cohort of women, but further research is needed to confirm this.
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5.1.2.

Original contribution

This original work has contributed to scholarship in several ways. Explicitly, through
its examination of the health outcomes of the women from Wittenoom, it has increased
our knowledge of the „industrial disaster‟24 that was Wittenoom and its impact on the
health of Western Australians. Specifically, it has informed us about the diseases that
the women from Wittenoom are developing and dying from, and has predicted the
future number of women who will die from mesothelioma until 2030. It has found that
reproductive cancers in the Wittenoom women do not appear to be associated with
asbestos exposure. A cluster of gestational trophoblastic diseases have been identified
that may or may not be a result of their asbestos exposure at Wittenoom.

More broadly this thesis has contributed to our understanding of women and asbestosrelated diseases because it has been one of a very few studies that have examined
disease outcomes, other than mesothelioma, in women exposed to asbestos
environmentally. Similarly, it is one of only a few studies to examine and confirm an
exposure-response relationship between mesothelioma and women environmentally
exposed to blue asbestos. Following reassessment of histology specimens, no excess
risk from ovarian cancer among women occupationally exposed to blue asbestos was
found. This was in contrast to some other studies, few of which examined pathology
specimens.

In terms of the thesis‟ contribution to knowledge about asbestos exposure and humanity
in general, the findings from this study concur with others in that it did not find a
significant exposure-response relationship with lung cancer following non occupational
asbestos exposure. It addressed statistically the question about whether women are more
susceptible to mesothelioma and found that although women had a steeper exposureresponse curve, men had an overall greater risk of mesothelioma, therefore refuting the
suggestion that women are more susceptible to mesothelioma.

5.1.3.

Conclusions, further research and policy implications

This study has characterised the risks to health of exposure to blue asbestos among the
Women from Wittenoom. Focussing on women has shown different mortality patterns
than those that have occurred among the largely male ABA workers cohort and enabled
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an examination of female specific diseases. Exposure to crocidolite from the mining and
milling operation has had a lasting and catastrophic impact on the Wittenoom women.
It has proven a source of high cancer mortality for the women who worked for ABA in
their offices, or the hotel and shop in town, as well as the wives and daughters who were
there with their miner or miller partners and parents.

Findings from this thesis and the literature review suggest avenues for further research.

To attempt to clarify the relationship between asbestos exposure and cervical and
ovarian cancer, a meta-analysis of the existing cohorts that have examined this issue is
warranted. All the studies examining this issue have suffered from similar weaknesses,
in particular small numbers of outcomes and no quantitative asbestos exposure
measures. However, combining all the cases would increase the power to detect any
possible relationship with asbestos exposure. Although quantitative measures could not
be examined, most studies possessed duration of exposure (which is the exposure
measurement probably most accurately measured) and mortality rates could be related
to this.

However, all cases of ovarian cancer should be confirmed histologically

beforehand if possible.

The finding of a possible cluster of gestational trophoblastic diseases among the
Wittenoom women calls for examination in other asbestos exposed cohorts. Similarly,
women presenting with choriocarcinoma and/or hydatidiform moles should have a
thorough history taken to assess for possible asbestos exposure. Questions should not be
limited to the woman‟s own occupational history, but also that of her
father/brothers/partners etc. A residential history should be included in this assessment.

Several studies in the literature review and the findings from this study (Paper Two)
suggest that mesothelioma incidence may decline after 50 or more years of follow up.
Longer follow up of this cohort therefore is necessary in order to examine this
hypothesis.

Longer follow up may also help to clarify the exposure-response

relationship between environmental asbestos exposure and lung cancer, in which this
study and several discussed in the literature review found no statistically significant
association.
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In terms of policy implications, this thesis has shown that exposure to the lesser
environmental levels of asbestos are harmful to human health and at lower levels may
be more harmful to men than women. Crocidolite, in the form of asbestos cement was
distributed widely throughout Australia and Western Australia particularly.

The

Departments of Health and/or Environment should conduct a health risk assessment to
determine the amount of asbestos in situ in the community in order to determine future
risk.

Knowledge of future risk is important for health planning and also for

compensation.

Among the Wittenoom women we calculate a further 66 to 87 mesotheliomas will occur
by 2020. This knowledge impacts on future health planning, service provision and
compensation. It underlines the need for mesothelioma research in order to improve
treatment options especially as survival is still poor for this disease with a median of
nine months.

Wittenoom illustrates the complexity of exposure and disease within a community: as
Layman has described, the pattern of disease that has emerged among Wittenoom
residents was one influenced not only by the exposure, but also by the social conditions
in which the problem emerged.25,26 Wittenoom was isolated, occupational hygiene was
in its infancy and inspections occurred rarely or with warning. While some health
officials tried to raise the concerns about the potential for future disease, the risk was
not perceived by the workers and not acknowledged by the ABA managers. Asbestos
was freely used around the town, illustrating the lack of knowledge about the potential
health effects. Wittenoom was Western Australia‟s frontier, where a prevailing attitude
was to not complain about the conditions but to get on with the job. The workforce was
transient, not unionised and had no real tradition of being organised. In addition many
workers spoke little English and negotiating for better conditions required language
skills they did not yet have.

Many lessons have been learnt from Wittenoom and other industrial disasters and
stronger occupational and environmental legislation is now in place. Also there is a
greater focus on the precautionary principle and a greater questioning by the public.
These situations should no longer occur. However last year in Western Australia a town
on the south coast was contaminated with lead, and this happened in a time when the
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health effects of lead are well established. Occupational Health and Environmental
legislation still requires political will and resources to administer the legislation.
Political environments that support self regulation may undermine the degree of
protection offered to workers in hazardous industries. The greater challenge however, is
in less developed countries, such as China and India, where asbestos is still mined and
where the exposure is not limited to the workers but extends into the surrounding
community. This thesis documents the results of ignoring the evidence and allowing the
population to be exploited.
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APPENDIX ONE –
PUBLISHED MANUSCRIPTS PRESENTED FOR THIS THESIS
Only the first page of each manuscript is included here.

Paper 1.

Reid A, Berry G, de Klerk NH, Hansen J, Heyworth J, Ambrosini GL,
Fritschi L, Olsen N, Merler E, Musk AW. 2007 Age and sex differences
in malignant mesothelioma after residential exposure to blue asbestos
(crocidolite). Chest 131;376-382

Editorial

Roggli VL. Environmental Asbestos Contamination: What are the risks?
Chest 2007;131;336-338

Paper 2.

Reid A, Heyworth J, de Klerk NH, Musk AW. 2008 Cancer Incidence
among women and girls environmentally and occupationally exposed to
blue asbestos at Wittenoom, Western Australia. International Journal of
Cancer 122(10); 2337-2344

Paper 3.

Reid, A, Heyworth J, de Klerk NH, Musk AW. 2008 The mortality of
women exposed environmentally and domestically to blue asbestos at
Wittenoom, Western Australia. Occupational & Environmental Medicine
65;743-749
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