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PREFACE

There is scientific consensus that some occupational exposures can cause cancer. Many current cancers are the
result of past occupational exposures. Moreover, although significant progress has been made in preventing
occupational cancer, some members of the workforce are still being exposed to agents which increase their
likelihood of developing cancer. 

Like most occupational diseases, occupational cancer is preventable. For this reason and because cancer is such a
serious disease, it is to be expected that occupational cancer prevention would be a high public health priority and
that clear guidelines would be available to compensation jurisdictions so that cancers caused by occupational
exposures can be correctly identified. Unfortunately neither is the case. Although the National Occupational
Health and Safety Commission (NOHSC) has identified and classified several exposures as carcinogenic, cancer
control initiatives by industry or by State governments - who have legislative responsibility in this area - have been
limited. In New Zealand the Ministry of Health, in its 2002 Cancer Control Strategy, has listed occupational
cancer as a priority area, and the Department of Labour (OSH) has formed a Cancer Panel.

In the case of identifying current occupational cancers, Australia has no guidelines for assessing workers’
compensation claims. The result is that claims could be determined according to which expert witness is the most
credible. Credibility does not necessarily coincide with scientific judgement, particularly when no “expert”
witnesses with competence in the relevant field are called. Moreover, the judgement of expert witnesses can be
influenced by factors such as which party to the disputed claim seeks their opinion. This differs markedly from
current practice in clinical medicine, in which clinicians are increasingly required to base their decisions - on
diagnosis, prognosis and treatment - on scientific evidence.

The Australasian Faculty of Occupational Medicine (AFOM) has prepared this document primarily for physicians,
particularly those who advise industries and unions, to help them identify industries, occupations and exposures
which may be associated with cancer. It will help them prepare advice on the actions required for primary
prevention, and measures to take to ensure that such preventive actions are effective, so that workers can be assured
that their health is being protected.

This document is also intended as a resource for compensation jurisdictions, and the physicians who advise them,
to provide principles and guidelines for identifying which cancers are attributable to work. 
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EXECUTIVE SUMMARY

There is widespread scientific agreement that many current cancers are caused by occupational exposure, and that
occupational cancer is preventable.  Yet preventing occupational cancer has not been a high public health priority
and there are no clear guidelines available to the compensation courts on how to correctly assess claims.   

This guide is intended to assist physicians who advise industries and unions in identifying occupations and
industries associated with occupational cancer and putting in place preventative measures to minimise exposure
and risk.  It is also a guide for physicians advising compensation jurisdictions seeking to identify which cancers are
attributable to work.

Chapter 1 examines the role physical and chemical agents play in causing cancer and how carcinogens are
identified.  It points out that most environmental and occupational carcinogens are difficult to identify because of
the long time delay in cancers being diagnosed, and the combination of factors that cause cancers. Occupational
cancers are indistinguishable from those unrelated to work.  Carcinogens are therefore classified as known or
suspected, and there can only be cautious estimates of the number of occupational cancer cases and their
proportion to all instances of cancer.  

It is concluded that most future occupational cancers will either be respiratory, related to past exposure to asbestos,
or non-melanoma skin cancer from solar radiation.  While occupational exposures are probably responsible for a
small proportion of cancers in the general population, within particular workgroups carcinogenic exposure is still
a significant concern.  Because it is impossible to say with certainty which agents are carcinogenic and which
individual cancer is occupationally caused it is best to treat all chemicals as potential carcinogens. 

Chapter 2 sets out the primary steps to prevent occupational cancer, which is a statutory requirement on employers
in all Australian states and territories and in New Zealand.

If it is impossible to eliminate the carcinogenic agent, the object should be to limit the number of workers exposed
and to minimise the duration of exposure for those who are.  Two important principals must be borne in mind:

• measures are best considered at the design stage rather than waiting to modify the plant once installed

• “passive controls”, that is measure which do not require the active cooperation of workers are more effective
than those needing behavioural change on the part of every individual worker.

The chapter reviews practical measures to isolate the carcinogenic agent, minimising the number of workers
exposed and exposure times, reducing the intensity of exposure and contingency plans for system failure.

The authors also review strategies for pre-placement screening of high risk individuals.  While, for example, there
is a synergistic effect from the combination of smoking and exposure to asbestos so that placing smokers away from
work where there is any likelihood of occupational lung cancer would reduce risk, they conclude that placement
measures should not be viewed as a substitute for preventing exposure.

They also conclude that with the present state of genetic knowledge, exclusionary employment practices based on
genetic screening are unlikely to significantly reduce cancer risk compared with eliminating or controlling
exposure. 

Where workers have had past exposure to carcinogens a number of measures should be considered including
avoiding exposure to other carcinogens.  The underlying principle is that workers must be provided with all
relevant information.

Chapter 3 details the surveillance regime that may be put in place to monitor workers who are exposed to
carcinogens in the workplace, with a view to ensuring control systems are working to minimise exposure and to
detect early signs of disease.  These include measuring the amount of chemical in the work environment,
monitoring the measurement of chemicals in body tissues and fluids.  

Monitoring the workplace environment and work methods are essential in identifying potential sources of
exposure, while personal monitoring is more useful for predicting risk. Comparing exposure to recommended
exposure standards should ensure that most workers are protected.   However any exposure to carcinogens, no
matter how small, should be regarded as bearing some risk.  Consequently the target level should be the lowest
level of exposure that is reasonably achievable, rather than simply meeting recommended standards.
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Biological monitoring involves tests on blood or urine for chemicals or their metabolites and can be an important
adjunct to environmental monitoring where a valid measure exists.  Tests to detect interaction between chemicals
and DNA are mainly research tools at present. Caution is required in interpreting the results of such monitoring,
which is most useful as an aid to estimating exposure rather than predicting future effects. Tests to detect genetic
or chromosomal damage require great care in execution and in interpretation as they are also mainly research tools
and require matched controls for comparison. They have no place in predicting whether a particular individual
will develop disease.

Caution is also necessary when screening individuals for early cancer or premalignant states, since the timing of
screening is crucial. Most screening programs are done by employers yet most cancers are likely to develop long
after the worker has ceased employment at the workplace where exposure occurred. The establishment of a State
or national register of workers with past exposure to carcinogens is desirable.

When identifying current occupational cancers Australia has no guidelines for assessing workers compensation
claims, so that claims can be determined on the basis of the credibility of competing expert witnesses. Yet
credibility does not necessarily coincide with scientific judgement. Chapter 4 seeks to supply those guidelines.

Unlike infectious disease, cancer in a patient previously exposed to a cancer causing agent cannot readily be
attributed to that agent. Consequently these cases must turn on the probability that the agent caused the cancer.

To assess that probability 7 questions must be considered:

• Is the agent carcinogenic to humans?

• Could the exposure have led to the uptake of the agent?

• What was the intensity and duration of the exposure?

• Is the agent associated with cancer at this site and of the same histological type?

• Is the site of the cancer consistent with the route of uptake of the agent?

• Was the time from exposure to disease onset consistent with the induction latency period of the agent?

• Were there other factors that might have contributed to the risk of cancer in this person?

After examining these questions the probability that the cancer was caused by the exposure must be quantified.
This decision can be aided by deriving an arithmetic function called the probability of causation (PC) such that

PC = (RR-1)/RR

where RR = relative risk, ie the cancer rate in an exposed population compared to an unexposed population. If RR
exceeds 2 the balance of probabilities favours the claimant.

The RR can be determined by consulting the epidemiological literature, though it may also be necessary to adjust
the estimate of PC for other causal factors, eg smoking.

While the PC model has the advantage of simplicity, though, there are problems. The PC will fall onto a
continuum between 0%, where we can be certain that the exposure was not causal and 100% when we can be
certain it was. Determining causality according to whether the PC is above or below 50% will lead to errors in
some cases. An “all or nothing” threshold could be regarded as harsh, and legislative adjustments could be made
to give the claimant the benefit of the doubt. This though is a matter for political decision making.

Asbestos exposure is the commonest cause of work related cancer. Chapter 5 summarises the main issues in
assessing the probability of causation.

If asbestosis is present the assessment is relatively simple and no quantitative estimate of exposure is required.
Furthermore this judgement can be made irrespective of smoking history. 

If asbestosis is not present the decision on whether the cancer is caused by asbestos is a matter of continuing
debate, and it is unlikely that consensus will be reached in the near future on whether asbestos exposure can cause
lung cancer in the absence of asbestosis. If it is held that asbestosis is not a necessary precondition for asbestos
related cancer the criterion for accepting a compensation claim should be whether the individual has received 
a doubling dose of asbestos: ie whether the cumulative exposure is sufficient to cause an RR of lung cancer greater
than 2. 
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Assessments of mesothelioma are simpler because, unlike lung cancer, nearly all cases are asbestos related. In
industries where there is a history of asbestos exposure mesothelioma can be confidently ascribed to exposure, even
where that exposure has been light or transient.

A recent rise in the incidence of mesothelioma in women in Australia suggests the disease can arise from asbestos
levels close to the low background levels all urban dwellers are exposed to. As achieving zero exposure to removal
workers even under strict controls is unrealistic, consideration should be given to alternatives to removal, such as
sealing or encapsulation.

An issue for occupational medicine is the occurrence of clusters in a workplace or the surrounding community.
Unlike epidemics clusters are difficult to confirm, and can occur by chance. Nevertheless clusters should be
investigated with a mind receptive to the existence of a cluster. Such investigations should involve the interested
parties in the workplace, be open, and the results openly communicated to these parties.

Chapter 6 outlines the specific steps such an investigation should work through. The diagnosis of the initial cases
that lead to concerns that a cluster might exist should be confirmed, whether there is an excess of cancers, a
suspected causal factor and whether the excess is work related. Even where a cluster is not found to be more than
chance such investigations can point to improvements in workplace conditions and may lead to the recognition
of new hazards.
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INTRODUCTION

The role of physical and chemical agents in cancer causation

Cancer is now believed to develop as a result of a series of steps, many of which involve genetic changes. If the
genetic material (DNA) in a cell is damaged or altered and not repaired, the alteration can be passed on to
successive generations of cells when mitosis occurs. Mutation is the term applied to such a heritable change in the
DNA. Subsequent division of an affected cell can lead to a cell population in which all cells carry the mutation.
A further mutation in any one cell in that cell population can lead to yet another new cell population with two
mutations and so on. Such changes in the DNA structure can lead to changes in function, particularly in the
regulation of cell division and cell death. Cancer can be the result of a sequence of such mutations, in which cells
divide in an unregulated manner. For example, cancerous tissue fails to recognise tissue boundaries, and invades
surrounding tissues and organs. 

A number of physical and chemical exposures have been shown to cause genetic changes either by direct damage
to the DNA or by causing tissue damage which in turn leads to DNA damage. The practical significance is that
exposure to these agents can be responsible for human cancers, ie they are human carcinogens.

Not all carcinogenic substances are genotoxic however. The cancer-causing mechanisms are not fully understood,
but it is likely that factors that increase the rate of cell division increase the likelihood of mutations. An example
is alcohol, which leads to toxic damage to liver cells followed by rapid cell division during the process of repair.
Some medical conditions associated with rapid cell proliferation (eg uterine hyperplasia) are associated with
increased cancer risk.

Because several steps are involved in the development of cancer, there is often a lag period of many years, even
decades, between exposure to a carcinogenic agent and the diagnosis of cancer. The period between exposure and
onset of the cancer is called the latency period (or the induction latency period) of the agent.

A substance defined as carcinogenic is a contributing cause of cancer in some individuals. It does not mean that it
can cause cancer on its own. In fact cancers usually occur as the result of exposures to a combination of causal factors.* 

Moreover to define a substance as a carcinogen does not mean that it is causal in all cases of such cancers. Unlike
the measles virus for example, which is a requisite for the occurrence of measles, most carcinogens are not necessary
causes of cancer. Even cigarette smoking, which is strongly associated with lung cancer, is not a necessary cause of
that condition: lung cancer can occur in lifelong non-smokers, even in the absence of passive smoking. It follows
that since lung cancer can occur in the absence of smoking, cigarette smoking need not necessarily play a causal
role in every lung cancer, even in those with a smoking history.

How carcinogens are identified

Some occupational carcinogens have been recognised for many years. For example, the aromatic amines beta-
naphthylamine and benzidine were easily recognised as carcinogenic in the late 19th and early 20th centuries
because a high proportion of workers using these agents in the chemicals industry developed bladder cancer.1 Vinyl
chloride monomer is another agent readily identified as a carcinogen, because of the unique cancer type -
angiosarcoma of the liver - associated with its use. 

However, most environmental carcinogens, including those in the occupational environment, are difficult to
identify, for a number of reasons:

• The responsible exposures are likely to have occurred years, even decades, before the cancer is diagnosed. The
exposures are often poorly documented and may even have been unrecognised at the time. 

• Cancers are usually caused by a number of factors acting in combination or in sequence, and different
combinations of factors may be responsible for particular cancer types in different individuals.

• Work-related cancers are usually indistinguishable in their histology and natural history from similar cancers
which are unrelated to work. For example, a bladder cancer caused by exposure to an aromatic amine is
indistinguishable from a bladder cancer due to another cause.

* A sufficient cause of a disease is one which will cause the disease in all who have that trait or exposure, and no other risk factors need 
be involved
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The last of these reasons means that individual cases of cancer cannot readily be attributed to a particular
environmental carcinogen. Carcinogens may be identified by epidemiological studies, which aim to compare the
incidence of cancer in an exposed population with the incidence of cancer that would occur in that population in
the absence of exposure. 

The possibility of other factors causing the cancer complicates such studies. Ideally the effect of an exposure should
be measured by comparing two populations which are identical in all respects except that one is exposed and the
other is not. This ideal can be achieved in animal studies but not usually in human studies.

Animal studies can be carried out under experimental conditions, which the experimenter can completely control.
The exposed and non-exposed animals are comparable, sometimes even genetically identical, and exposures are
measured precisely. Unfortunately, the findings in animals of such studies do not necessarily apply to humans.
Different animal species can handle foreign substances differently, and outcomes can be specific to the species
under study; for example some substances are carcinogenic to mice, but not to rats. Moreover animal studies
usually involve larger exposures, relative to body size, than the exposures workers are likely to incur, and it cannot
be assumed that effects on exposed workers can be inferred by extrapolating from effects observed in animal
experiments. Nevertheless, animal studies are an important guide in identifying human carcinogens. The
application of animal studies in evaluating chemicals for carcinogenicity is discussed in Appendix 1.

The evaluation of human carcinogenicity should if possible be based on evidence which includes human studies.
However, for obvious ethical reasons, experimental studies are not possible on human subjects. Reliance must
therefore be placed on observational studies, in which measurements are made of exposures (or estimates of past
exposures) which workers happen to have experienced, and their cancer incidence or cancer mortality is compared
with those of persons not exposed. Thus the person conducting the study not only has no control over the
exposures, but is usually limited in the availability of a suitable non-exposed population. Ideally the non-exposed
should be comparable to the exposed in all respects except for the exposure. Where comparability cannot be
achieved in the study design, adjustment may be required in the analysis. However, it may not be possible to
identify all the ways in which the exposed and unexposed populations are different. One of the major difficulties
in epidemiological studies is to ensure that observed differences in cancer rates due to unrecognised differences in
the two populations (eg in relation to lifestyle) or differences in the completeness of identification of disease, are
not wrongly attributed to the exposure under study. 

Another major difficulty is the long lead-time between exposure and the onset of cancer. The task of identifying
and measuring exposures that may have occurred many years ago is fraught with uncertainties: adequate
documentation of past exposures is rarely available. The lead-time in epidemiological studies is in fact an
important drawback; they require the occurrence of cancers or cancer deaths before carcinogens can be identified.
For this reason there has been extensive research in recent years to identify valid biological markers of cancer risk
in exposed workers, so that further exposure may be prevented in time to prevent cancer onset. Some of these
biological markers are discussed in Chapter 3.

In practice there are limited epidemiological data to support the evaluation of most suspected carcinogens.
Epidemiological studies are expensive and logistically complex, thus limiting the number of studies and the scope
of those that are undertaken. 

Classification of carcinogens 

Because of these difficulties, there is uncertainty and dispute as to which agents can cause human cancer. Several
agencies and organisations provide listings of chemicals that have been evaluated according to specific criteria and
have been identified as carcinogens. For example, the International Agency for Research on Cancer (IARC), a body
sponsored by the World Health Organization (WHO), attempts to resolve differences by assembling scientific
working parties to examine available evidence and to seek consensus on particular agents. The outcome is that each
agent is assigned a classification, for example carcinogenic to humans, probably carcinogenic, possibly carcinogenic.

The criteria by which carcinogenicity is assessed are described in all IARC monographs and the IARC specifically
notes that the information provided in these assessments will be used in different ways by different users (such as
scientists, regulators and physicians). A description of the IARC classification protocol is given in Appendix 1.
IARC evaluations are primarily concerned with identifying carcinogens, from which risk assessment and public
health measures may follow. They are not concerned primarily with attributing individual instances of cancer to
particular exposures. 

Classification tends to be reliant on epidemiological studies, which present difficulties in separating the effect of
occupational exposures from that of other possible causes. An important example is smoking, which is a powerful
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cause of many cancers that are also caused by occupational exposures. The findings of epidemiological studies can
be misleading if there are differences in the smoking patterns between the population with exposure to
occupational agents and the comparison population. The differences may not be simply in the proportion of
smokers in the two populations: there may be differences in the amount smoked and in the number of years since
quitting, both of which have profound effects on the relative risk of cancers, particularly lung cancer.

The application of epidemiological findings to IARC classification criteria is a matter for scientific judgment of
IARC panel members. Although IARC classifications are widely accepted, they have sometimes been based on split
decisions, and some decisions have been contentious. Examples from recent years are the categorisation of cadmium,
beryllium and silica as human carcinogens.2-16 Conversely, some decisions have been criticised for undue influence
from industry.17 Thus an IARC classification does not necessarily mean that the matter is beyond dispute. 

In Australia the National Occupational Health and Safety Commission (NOHSC) classification includes:
Category 1 carcinogens - substances known to be carcinogenic to humans, and Category 2 carcinogens -
substances regarded as if they are carcinogenic to humans. Chemicals classified as carcinogens by NOHSC are
listed in Appendix 2a

New Zealand has three categories of carcinogens: A1 - confirmed human carcinogens, A2 - suspected human
carcinogens, and A3 - confirmed animal carcinogens with unknown relevance to humans. A1 and A2 carcinogens
are listed in Appendix 2b.

How many cancers are work related?

The estimate of the proportion of cancers attributable to occupational factors is therefore hampered by
uncertainties over which agents are cancer-causing.

Individual cases of occupational cancers are usually clinically indistinguishable from cancers unrelated to
occupation. Hence there are no registers of occupational cancers (with the exception of mesotheliomas, discussed
below) which allow estimates to be made of the proportion of cancers caused by work. Reliance has to be placed
on population estimates based on epidemiological studies, rather than on registers of particular cases.

Caution is required in applying findings from epidemiological studies to assess the number of occupation-related
cancers in current Australian conditions. Several chemicals are scheduled as “human carcinogens” on the basis of
studies in overseas countries in previous decades, where there were many heavily exposed workers. Such heavy
exposures are not common in the Australian workforce (although heavy exposures no doubt occur in other
countries, particularly countries without the rights of organised labour which are taken for granted in
democracies). Therefore in assessing current risk, information is needed on current exposure levels and exposure-
response relationships.

Moreover the presence of a chemical in the work environment does not automatically mean that workers are
exposed. There is no risk of disease unless an agent either becomes airborne and is then inhaled, or is absorbed
through the skin or ingested. For example a number of therapeutic substances used for cancer treatment are
themselves carcinogenic and, while this is a concern for those cancer patients who are deliberately administered
these agents by mouth or by injection, it is only a concern to those who dispense or administer these agents if they
become airborne and are inhaled. Under current conditions it is unlikely that significant exposure is occurring.18,19

A number of estimates of the burden of cancer due to occupational exposures have been attempted, and the most
widely cited is the study by Doll and Peto published in 1981, in which an estimate of the fraction of each cancer
type attributable to occupation was applied to the number of deaths from the corresponding cancer in the US in
the year 1978.20 The resulting overall estimate was that between 2% and 8% of all cancers in the US were
attributable to occupation, with a best estimate of 4-7% in males and 1% in females. An estimate of the
occupational cancer burden in Australia, using the same methodology, was published by Winder and Lewis,21 with
the conclusion that about 1000 cancers per year are work-related. The method was again used, with minor
modifications, in a report for Worksafe Australia in January 1994.22

It is likely that the most important work-related contributor to current cancers is from asbestos exposures, which
are responsible for nearly all mesothelioma cases. In 2000, the most recent year for which national data are
available, there were 490 registered cases of pleural mesothelioma in males, and the number of such cases is
continuing to increase.23

In 1995 an estimate was made of the most significant contributors to the incidence of occupational cancer in
South Australia.24 It was estimated that between 3% and 26% of lung cancers were work related, with the most
likely figure being about 8%; it is likely that many lung cancers have occurred from past asbestos exposures,
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although whether these are still occurring is not known. (The latency period between asbestos exposure and lung
cancer is probably less than for mesothelioma.) In the same South Australian study, it was estimated that up to
29% of leukaemias and 30% of lip cancers may be work-related. Cancers of the lip are commoner in outdoor
workers, due to exposure to solar radiation. This exposure is also responsible for many skin cancers. The incidence
of non-melanotic skin cancers is not recorded in State Cancer Registries, although a study published in 1998
showed high and increasing rates of these cancers, particularly squamous cell carcinoma, which is the skin cancer
most strongly linked to occupational exposure to solar radiation.25,26 Fortunately, these cancers are not often fatal.

In the South Australian study an estimate was made of the future cancers being generated from current
occupational exposures. For the purposes of this estimate, only substances or occupations for which the IARC has
concluded that there is sufficient evidence of human carcinogenicity (ie Category I carcinogens) were included. It
was estimated that as a result of chemical exposures experienced by people presently in the workforce at current
exposure levels, 93 cancers would occur annually. Assuming that the total cancer incidence in South Australia stays
the same as at the time this estimate was made, this number would constitute about 1.35% of all cancers. Bearing
in mind that most occupational cancers would occur in men, a better estimate would be 2.44% of cancer in males,
and 0% cancers in females. This estimate did not include occupational cancers from non-chemical exposures, for
example non-melanotic skin cancers and lip cancers from solar radiation, cervical cancer in sex workers, liver
cancer from occupationally acquired Hepatitis B and C in health care workers.

In New Zealand it has been estimated that 600 cases of occupational cancer occur each year, although only 138
cases of occupational cancer were notified and confirmed by OSH in the four years to June 1996 (ie 34 cases per
year on average).27

Recent overseas estimates of the burden of cancer due to occupation vary considerably. A recent Finnish study,
conducted as a part of the WHO Global Burden of Disease study, concluded that work-related cancers were
responsible for 8.3% of deaths in Finland in 1996. This study included an estimate of 29% of lung cancers in
males caused by occupational exposures, of which one-half were caused by asbestos.28 On the other hand a review
of avoidable future cancers in the US has included an estimate that fewer than 1% of cancers would be avoided
by removing occupational pollution.29

Overall, it is likely that most occupational cancers in future will be respiratory cancers related to past asbestos
exposure and non-melanoma skin cancer from solar radiation. Otherwise, occupational exposures are probably
responsible for only a small proportion of cancers in the general population. However, within particular
workgroups, carcinogenic exposures are still a significant concern: they require adequate prevention and control
measures, and surveillance of the workforce. 

Practical implications

It is therefore likely that the proportion of future cancers attributable to current work exposures is quite low.
However, the possibility remains that many exposures, including some not yet identified, may each be partly
responsible for cancers in numbers too small to be detected by observational epidemiological studies, and that
collectively these may add up to a significant number of cancers. 

Accordingly, it is a wise precaution to treat all occupational chemicals as potentially dangerous to health. Measures
should be taken to prevent chemicals from becoming airborne and inhaled, and skin contact should be avoided.
The subject of primary prevention of occupational cancer is addressed in Chapter 2.

For those workers in industries where carcinogens or suspected carcinogens are in use, careful monitoring of the
work environment and the workers themselves is imperative. The surveillance of workers in such industries is
discussed in Chapter 3. 

In addition to any current exposures to carcinogens, cancers are occurring as a legacy of past exposures. The most
significant of these is the continuing occurrence of mesotheliomas caused by past asbestos exposures. It is
important that cancers occurring now are assessed for possible work-relatedness, both to ensure that just
compensation is awarded, and to identify any exposures which are still inadequately controlled. 

To define an exposure as carcinogenic merely indicates that the likelihood of cancer in an exposed individual or a
population is greater than it would have been had there been no exposure. Conceptually those with cancer in the
exposed population fall into two groups:

• those who would not have developed the cancer but for the exposure

• those who would have developed the cancer even had if there had been no exposure.
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Since it is not usually possible to distinguish which of the two groups to which an exposed person with cancer
belongs, the task of determining whether a cancer was work caused in an individual case is based on probabilities,
taking into account all known factors that might affect the probability of causation in the individual case. These
factors are discussed in Chapter 4.

Because so many occupational cancers are asbestos related, these cancers are specifically considered in Chapter 5.

Health and safety practitioners may occasionally be confronted with a cluster of cancers in a workplace or an
industry. Chapter 6 is a guide on the investigation of such clusters.

Considered together, the chapters of this booklet will assist health professionals in their understanding of the
estimation of risks associated with occupational carcinogen exposures, and this will further enhance the
development of practical measures adopted to reduce these exposures.
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PRIMARY PREVENTION OF OCCUPATIONAL CANCER

Prevention of occupational cancer depends on preventing exposure to any substance, mixture of substances,
conditions or processes in the workplace that has the potential to increase the incidence of cancer in workers. The
range of prevention measures detailed in this chapter constitutes primary prevention. Secondary prevention is
prevention of disability arising from a disease, and would include screening for indicators of early cancer or
incipient cancer (see Chapter 3).

Primary prevention is of course a statutory requirement on all employers, and all states and territories of Australia
have hazardous substances legislation that imposes obligations on employers and employees. State legislation is
based on the National Occupational Health and Safety Commission (NOHSC) documents National Model
Regulations for the Control of Workplace Hazardous Substances [NOHSC: 1005(1994)], National Code of Practice for
the Control of Workplace Hazardous Substances [NOHSC: 2007(1994)], and National Code of Practice for the
Control of Scheduled Carcinogenic Substances [NOHSC: 1011(1994)]. These documents describe a strategy for the
safe use of chemicals, including carcinogens, in the workplace. 

In New Zealand relevant legislation in includes the Health and Safety in Employment Act 1992, the Hazardous
Substances and New Organisms Act 1996 and the Health and Safety in Employment (Asbestos) Regulations 1998.

Elimination of carcinogenic exposures

The ideal control method is to eliminate the use of the carcinogenic agent by using alternative technology or
agents. If this is feasible decisive government action may be required. An example of such action is the case of
crocidolite (blue asbestos) which all Australian governments have banned from use. On the other hand, the
NOHSC has drawn up a Schedule of Carcinogens prohibited except for use in research.1 Most State and Territory
governments have not enacted these recommended controls. In New Zealand there is a short list of substances
subject to severe restriction.

In practice, it is unlikely that eliminating the cancer-causing process or chemical will be feasible in most cases, and
the health and safety practitioner will therefore have to consider which options are the most effective and cost-
effective for minimising exposure. 

The risk of an individual developing an occupational cancer increases with increasing exposure. Exposure is often
expressed as cumulative exposure, which is the product of exposure duration and average exposure concentration. 

The population risk of occupational cancers occurring also increases as more workers are exposed. 

Thus, when the use of a carcinogen cannot be eliminated, control measures must minimise exposure duration,
exposure concentration and the number of persons exposed.

In considering measures to prevent exposures to carcinogens, two important principles should be borne in mind.

Firstly, elimination of the hazard is best considered at the design stage, rather than waiting until plant has been
installed. It may be uneconomical to modify or replace plant if it has already been installed and still has some years
of productive use. 

Secondly, it is preferable wherever possible to institute “passive controls”, that is, measures which do not require
the active cooperation of workers. Measures requiring behavioural change on the part of every individual worker
are less likely to prevent every worker from being protected all the time.

Identification of carcinogenic exposures

Carcinogens may be identified by reference to the sources described in Appendix 2. Many chemicals used in the
workplace in relatively small quantities have not been classified for their carcinogenicity to humans. If it is
suspected that an unclassified workplace chemical has carcinogenic potential some guidance is available in the
NOHSC Standard Approved Criteria for Classifying Hazardous Substances; Appendix 1, Carcinogenic effect.2 For
example, suspicion may arise about an unclassified chemical that belongs to the same chemical group that contains
known carcinogens such as aromatic amines or polycyclic aromatic hydrocarbons.

In some cases there is an excess incidence of cancer in particular industries or occupations, although we do not know
the actual agent responsible. For example foundries are classified as causing lung cancer, although the responsible
agent (or agents) is unknown. Similarly working in coke ovens or aluminium reduction plants, or as a painter, are
all considered to be cancer risks although there is uncertainty about the causal agents and mechanisms in each case.
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Minimising the exposure

Isolating the agent or process

Isolation means separating the process so that people not directly involved in the process are not exposed, as in the
following examples. 

• Areas of asbestos removal are completely masked, with the air pressure in the enclosure slightly negative with
respect to atmospheric.

• The ethylene oxide facility in the sterilisation department of a hospital is installed as a dedicated enclosure that
has a dedicated exhaust system ducted to the exterior of the building and air pressure in the enclosure slightly
negative with respect to atmospheric.

• Polyvinyl chloride, made from polymerisation of the potent carcinogen vinyl chloride, is manufactured under
enclosed conditions.

Minimising the number of potentially exposed workers

The number of workers exposed should be minimised without increasing the average exposure of each individual
worker. An example of how this was achieved is shown by the measures taken to reduce the risk from ethylene
oxide exposures in South Australia:

• The State Health Commission centralised sterilisation units, so that only two remained to service the entire
metropolitan area. The other hospitals closed their ethylene oxide facilities and sent their equipment to one of
the two centralised facilities for sterilisation. Economies of scale from the large capacity of the centralised unit
meant that that no more than three sterilisation cycles were required in 24 hours.

• Access to the dedicated facility was restricted to personnel directly involved in the gas sterilisation process.

For a given degree of exposure, such reductions in the number of exposed workers can reduce the likely number
of resultant cancers to zero, as shown by the following example. 

Supposing the average cumulative exposure to a carcinogen is at such a level that the average risk of cancer
attributable to the exposure is 1 in 1000, and that overall there are 2000 exposed workers. The probability that
one or more occupational cancers will occur in this population is 86%. 

If steps are taken to reduce the number exposed to 100, the probability of one or more resultant cancers occurring
is reduced to 10%. 

Thus with the reduced number of workers exposed, it is now more probable than not that not even one case of
occupational cancer will occur.

Minimising the time of potential exposure

Workers should only enter the dedicated area when it is essential.

Separating the exposure from workers and others in time or in space 

Only essential personnel should be present when there is potential for exposure and, if possible, no personnel
should be present when exposure is possible, as in the following examples:

• Asbestos removal or work on asbestos in buildings should only be conducted when the building is unoccupied,
for example at weekends.

• In the ethylene oxide facility, maintenance personnel were only permitted to enter the plant room when the
facility was not in operation.

Reducing the average intensity of exposure

The most common measures for minimising exposure are the installation of dedicated exhaust systems and
personal protective equipment. Details of these controls are beyond the scope of this document.

Another important control is the institution of a double locker system in which two locker rooms - an outer room
for street clothes and an inner room for work clothes - are separated by a shower. Such facilities are common in
lead work, asbestos removal operations and in mining of uranium.
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Repair and maintenance procedures

It is quite common to find that exposures are well controlled in normal production processes, but comparatively
little attention is paid to other operations such as cleaning, repairs and maintenance. These matters are especially
likely to escape attention if they are undertaken after hours or by contractors. Accordingly the most significant
(and hence the most economically efficient) reductions in exposure may often be made by attention to these
operations. In the manufacture of polyvinyl chloride from vinyl chloride monomer, a potent cancer-causing agent,
the production has always been fully enclosed. Up to the 1970s, however, maintenance workers were in danger of
significant exposure when they entered the vessel containing significant quantities of monomer. The cleaning
process is now automated and performed under full enclosure.

Contingency plans for system failure

Where possible, alarm systems should be in place to warn of system failure or unanticipated exposure. An example
is the monitoring of an area for radiation in uranium mining and milling.

Contingency plans are essential for evacuation and for containment of spills and escapes in such a way as to
avoid exposure.

Work practices, personal protective equipment and personal hygiene

Work practice control measures are placed at the lower end of the hierarchy of controls for good reason: they
require the conscious cooperation of all workers at all times. Although it is desirable to avoid sole reliance on
worker behaviour, such measures are an important supplement to engineering controls. 

Worker induction and training

Workers potentially exposed to carcinogens must be informed of the identity and location of the substances. They
must be fully informed of the ways in which exposure can occur, and of safe operating procedures implemented
to avoid inhalation, ingestion or skin contact. (Skin contact can lead to systemic absorption either through the
skin or by transfer from the hands to food or cigarettes, leading to ingestion.) When it is necessary to perform
work with the potential for exposure to carcinogenic substances or processes, workers must be able to comply with
the requirements to minimise exposure to themselves and to other people in the workplace. It is therefore essential
that selected workers are capable of being trained to the appropriate level and are able to demonstrate their ability
to perform safe work procedures. Induction training should be documented and signed off by the worker with
appropriate periodic revision procedures.

Workplace monitoring

Workplace monitoring ensures that the opportunity for exposure by inhalation of airborne agents, or by skin
contact or ingestion is minimised. 

These measures are the province of the occupational hygienist but the essential measures are as follows:

• Inspect the processes where the carcinogen is in use, to ensure that control systems such as exhaust ventilation
are functioning correctly.

• Take quantitative measurements of airborne levels, by area monitoring or personal sampling in the breathing
zone of the operator.

• Ensure that safe operating procedures are observed.

• Ensure that personal protective equipment (eg respirators) is appropriate, individually fitted, tested for efficacy
and properly maintained by competent personnel.

• Ensure good personal hygiene such as avoidance of eating or smoking in a designated area or before hand
washing.

• Measure valid biological indexes of exposure (eg presence of a substance or a metabolite in urine or blood) if
possible. This is particularly important for agents which can be absorbed through the skin, as the uptake of
agents from this route cannot be predicted from airborne levels. The role of such biological monitoring and 
of health surveillance is discussed in Chapter 3.

• Initiate and maintain appropriate recording, notification and review processes.
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Pre-placement screening of high risk individuals

Some non-occupational factors can increase the risk of occupational cancer. For example there is a synergistic effect
from the combined exposures of smoking and asbestos, and of smoking and inhalation of radioactive dust, so that
smoking increases the risk of these occupational lung cancers.

Lung cancer is a rare disease among individuals who have never been active smokers: placement of all smokers
away from any work where there is any likelihood of occupation-related lung cancer would reduce the incidence
of such diseases to a low level. An alternative would be to allow individuals who had long since quit smoking to
work in such locations, since the risk of lung cancer falls off very sharply in successive decades since quitting,
relative to those who continue to smoke.3

Nevertheless the primary means of cancer prevention is to eliminate or control exposure to carcinogens. Placement
of smokers should not be viewed as a substitute for preventing exposure.

Genetic screening

Genetic variation plays a central role in determining the response of humans to carcinogenic chemical exposures.
Future growth in our understanding of the genetic bases of cancer raises the likelihood of future pre-employment
genetic screening of prospective employees to estimate their susceptibility to occupational cancer. 

Increased genetic susceptibility to cancer can be due to changes in a range of genes, including those that
influence activation or inactivation of carcinogens, DNA repair, cell cycle control and, possibly, immune
function.4,5 For example, reduced activity of genes coding for the glutathione-S-transferase (GST) or N-acetyl-
transferase (NAT) families of enzymes can reduce the rate of metabolic inactivation of some carcinogens and
has been shown to be associated with an increase in risk of a number of cancers.6 The purpose of screening is
to identify prospective employees who, by their genetic makeup, are more susceptible to cancers that result from
particular occupational exposures.

The question of genetic screening would not arise if hazardous exposures could be eliminated. Given that this is
not always achievable, there could be a number of motivating factors for genetic screening programs. An employer
may consider the duty of care as including identification of high-risk individuals. Similarly an employee could
assert a right to know of any genetic factor which might put him/her at increased risk of cancer. The Australian
Law Reform Commission has recently suggested that employers should be able to collect and use genetic
information for the purpose of protecting workers’ health and safety.7

However the role and justification for genetic screening is not straightforward. The very complex events leading
to the development of clinical cancers make it extremely difficult to determine with any certainty one individual’s
susceptibility compared to others. For example individuals with the NAT2 slow genotype, which confers a
phenotype of slow acetylation of arylamines, have been found to have an increased risk of bladder cancer from
exposure to these agents.8 While this genotype may mean increased susceptibility, it is not possible at present to
identify which individuals with that genotype would develop cancer. Occupational cancers are relatively rare events
and the odds ratio for the observed effect between various polymorphic groups is generally small, for example, less
than a 2-fold increase may be seen. The implications of these considerations are that most individuals who were
excluded from certain work situations on the basis of genetic screening would not have developed cancer even had
they been employed; while on the other hand some workers who pass the test and are accepted could develop the
cancer anyway.

Thus genetic screening could lead to an applicant being refused employment on the basis of a test which is not
only an invasion of privacy, but is limited in its ability to discriminate those at risk from those who are not.
Moreover, there is the risk that employers could form the comfortable but incorrect view that the screening
program will prevent work-related cancer and will relax efforts to reduce exposure of the workforce. 

Despite these concerns, a role for genetic screening cannot be totally discounted. In an individual with a genetic
trait for cancer with a high penetrance (ie many people with the trait develop the disease), the risk from even very
low exposures may be significant. There is evidence, albeit inconclusive, of some women having a genetic variation
leading to increased lung cancer risk from passive smoking.9 For individuals with an increased background risk,
reduction of exposures to safe levels may be difficult to achieve. We may then speculate that the marginal benefits
of increasingly stringent controls will be small, being ineffectual against subgroups such as those vulnerable to
familial cancers. At the same time, such stringent controls may be redundant in preventing cancers in most people,
in whom genetic repair processes can cope with a moderate volume of mutagenic insults. There may a case for
identifying such high-risk individuals so that they are not only protected from any occupational exposures, but
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* A recommended reference is the AFOM publication Australian Faculty of Occupational Medicine Genetic Screening and Occupational
Medicine: a position paper. AFOM, 1995.

that they avoid all other sources of exposure also. For example individuals with the condition xeroderma
pigmentosum, who are at high risk of skin cancer from ultra-violet radiation, should be identified so that they not
only avoid outdoor jobs, but they also avoid exposure to solar radiation at all times. 

There are also significant legal issues, addressed in the Disability Discrimination Act 1992 which is administered
by the Human Rights and Equal Opportunities Commission (HREOC). This Commonwealth legislation
prohibits exclusionary employment on the basis of disability, unless the person cannot meet the requirements of
the job, or the job cannot be reasonably altered to accommodate the disability, or that occupational health and
safety or public health laws would be contravened. However the Act does not specifically address the question of
genetic screening. In New Zealand the relevant legislation is the Human Rights Act 1993.

Although this document cannot resolve these complex ethical and legal questions, the following principles are
proposed:

• The primary means of prevention of occupational cancer is elimination or containment of the causal exposure
so as to prevent inhalation, skin contact or ingestion.

• With the present state of knowledge, exclusionary employment practices based on genetic screening are unlikely
to make any significant reduction in cancer risk in comparison with elimination or control of exposure.

• Where there is a demonstrated association between genetic variation and cancer risk, employees have the right
to be informed of the association and of the availability of appropriate testing.* 

• Where genetic testing is undertaken, it should be voluntary, that is, not a precondition for employment.

• Screening programs should be under the control of a physician with a high level of competence in genetics and
the relevance of testing in workers. The physician would have to explain the tests and their implications at the
beginning of the program, and to explain the significance of results to individual workers.

• Informed consent, protection of privacy and confidentiality, and provision of independent counselling would
also be necessary prerequisites to such screening. Test results should be available to the employee, whose
decision it would be to convey information, if any, to the employer.

Management of workers with past exposure

For workers who have had past exposure to carcinogens, a number of measures should be considered.

The underlying principle is that workers must be provided with all relevant information. The employee’s work
history should be reviewed and, if requested, the worker should be provided with their documented exposure
record together with a realistic estimate of risk. If the exposure level is low the cancer risk is low also. Another
prognostic factor is the efficacy of treatment. Some cancers have a high cure rate; for example the 5-year survival
rate in males with bladder cancer is 61%.10

Measures should be taken to ensure that no further exposure to the carcinogen occurs.

It is also important to ensure that other carcinogenic exposures are avoided. This is particularly important in the
case of tobacco-related cancers. Smoking amplifies the carcinogenic effects of a number of other exposures, for
example asbestos, ionising radiation and arsenic. Moreover, as discussed above, the risk of lung cancer falls off
sharply with increasing decades since quitting smoking. Workers who have been exposed to carcinogens, especially
lung and bladder carcinogens, should therefore be advised to stop smoking. Advise workers of appropriate periodic
screening procedures and provide them with a statement of past exposure on work separation.

Screening for pre-clinical cancer or for pre-cancerous lesions is warranted where there are valid screening tools and
where effective intervention is available if the disease is detected (see Chapter 3).

Also consider the value of dietary modification to reduce the likelihood of cancer. Epidemiological studies have
consistently shown an association between consumption of fruit and vegetables and lowered risk of many
cancers.11 Research to date has not enabled identification of many specific micronutrients for cancer prevention.
One clinical trial of beta-carotene was halted because it not only showed no benefit, but subjects in the beta-
carotene arm of the study had significant increases in lung cancer incidence and in cardiovascular and total
mortality.12 Nevertheless a number of individual studies have showed that there may be a significant potential for
dietary modification of cancer risk.13-15

The employer concerned should be reminded of the legal obligation to retain all exposure records for 30 years from
the last entry in the record.



3

18

SURVEILLANCE OF WORKERS 
EXPOSED TO CARCINOGENS

Workers exposed to chemicals may be monitored using several methods:

• Exposure monitoring (or ambient monitoring) strategies measure the amount of chemical in the environment
to which workers are exposed. This is usually in the form of air sampling and analysis but may include
measurement of chemicals on surfaces, clothing, protective equipment and other points at which chemical
contact may occur. 

• Biological monitoring is the measurement of chemicals or their metabolites in tissues or fluids, such as urine,
blood, exhaled air, hair or other media. This permits an estimate of the uptake of chemical by workers. 

• Biological effect monitoring involves the measurement of some biochemical, physiological, or other end-points
that may be affected by chemical exposure, without necessarily being associated with disease. The monitoring
of workers exposed to carcinogens include

- detecting evidence of interaction between the carcinogen and the subject’s DNA

- detecting structural change or damage to DNA.

• Health surveillance provides a method of evaluating clinically important changes that are associated with
disease processes, and may provide opportunities for early intervention and the reduction of disease severity.

The toxicological principle underpinning the use of these monitoring approaches is one of dose-related effects:
higher levels of exposure are associated with higher risks of disease development. Lower levels of exposure may be
below the effect threshold for toxicity and may be tolerated by exposed workers without ill effect. However, where
a job involves an exposure which is believed to be carcinogenic, it is prudent public health practice to assume that
there is no threshold below which there is no risk of cancer attributable to the exposure. Repeated exposures,
especially at high concentrations, carry a greater risk of causing a carcinogenic event than single, sporadic or
occasional low level exposures. The most important response is primary prevention. If the exposure cannot be
eliminated it should be controlled sufficiently to eliminate any health risk. There is also a role for secondary
prevention - monitoring workers for any exposure to carcinogens or for any effects of such exposure. 

The aims of the monitoring and surveillance strategies described are complementary, and may permit different
levels of investigation of worker chemical exposures. These aims can include:

• ensuring that physical control systems are working effectively in minimising exposure

• detecting early signs of disease or pre-clinical disease in individual workers.

There is a special need for health surveillance of workers exposed to carcinogens, not only because of the serious
outcome of many cancers, but because of the long latency period between exposure and disease onset. One of the
greatest problems with cancer epidemiology is that results are not apparent until there is a “body count”. By the
time an excess risk is found many workers will have been exposed with risk of future cancers. For example although
asbestos use has been highly regulated since the 1970s, there is likely to be a continuing incidence of asbestos-
related cancers for at least a further decade as a legacy of past exposures. Because of this limitation of conventional
epidemiology, there has been a great deal of research into identifying factors predictive of cancer, which if detected
can lead to preventive action. 

A number of monitoring measures is now possible at different stages along the path from exposure to the
carcinogen to the development of cancer. Detectable chemical or genetic effects from carcinogenic exposures are
commonly called biomarkers. 

Successive stages of cancer development following exposure to carcinogens are schematically represented in
Figure1. Although cancer is now believed to result from the cumulative effect of several mutations, this model is
simplified to include only a single mutation in the pathway to cancer formation. 
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Some form of monitoring is possible at all of these stages, as indicated in Table 1.

Figure 1. Successive events following carcinogenic exposure giving rise to opportunities for monitoring

It is important when interpreting the results of the tests to realise their limitations. Some of the tests are more
useful as indices of exposure rather than as predictors of disease, and some are the reverse. Some of these limitations
are described below. 

Environmental monitoring

Identification and measurement of exposure in the workplace is an essential part of the process of ensuring that
control systems are effective. A detailed account of environmental monitoring is beyond the scope of this
document but those responsible for health surveillance should ensure that exposure and risk are assessed with the
assistance of concurrent environmental measurements.

Environmental monitoring should begin with an inspection of the workplace and work methods, taking note of
the potential for substances to become airborne through evaporation, aerosolisation, combustion, grinding etc.
The effectiveness of the natural ventilation and any supplied dilution or local exhaust ventilation may need to be
assessed. Simple tools, such as air current tubes (smoke tubes), may assist this preliminary evaluation. However,
more complex assessments of environmental chemical exposures may require specialised equipment and the
assistance of occupational hygiene professionals.

Table 1. Types of monitoring of workers exposed to carcinogenic substances

Effect Monitoring and testing

Exposure Inspection
Testing ventilation
Area monitoring
Personal monitoring

Uptake Measurement of carcinogen or its metabolites in blood or urine

Biological effect monitoring and Identifying biochemical or other non-target tissue biological effects 
interaction with non-target tissues that are associated with exposure and uptake

Identifying evidence of carcinogen-protein binding as surrogate 
indicator of carcinogen-DNA binding

Interaction with target tissue Identifying evidence of carcinogen-DNA binding

Structural change DNA strand breaks and crosslinks Chromosome aberrations
Sister chromatid exchanges
Micronuclei
Gene deletions
Loss of heterozygosity

Precancerous change Carcinoma in situ
Dysplastic lesions

Cancer Diagnosis

Exposure to carcinogen 
(presence in workplace)

Uptake

Interaction with target (DNA)

Structural change to DNA

Precancerous state

Cancer
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Quantitative monitoring of atmospheric contaminants may be required, and either area or personal monitoring
can be undertaken. Areas are monitored at fixed locations at a workplace, measuring the level of contamination
from a particular source (eg industrial process) and examining the likely dispersion characteristics. Personal
monitoring, on the other hand, requires the monitoring device to be attached to the worker, usually in the
breathing zone, so that an integrated measure of that worker’s chemical exposure is obtained. This concentration
of chemicals may then be related to the various tasks performed throughout a work shift. 

Personal monitoring is the more useful for predicting risk, since it estimates time-weighted average exposure over
periods ranging from minutes to hours each day. Repeated sampling as part of a detailed monitoring program
provides further information on the day-to-day and longer term patterns of chemical exposure. Area monitoring
is of greater use for identifying potential sources of exposure within a workplace and for identifying workers to
whom personal monitoring programs should be targeted.

Recommended exposure standards have been established for many, although not all, workplace contaminants.1 By
measuring the levels in a workplace and comparing them to the exposure standard, we have a means of ensuring
that most workers are protected. However, in the case of carcinogens any exposure levels should be regarded as
predictive of some risk, however small, even if there is compliance with the standard. Since the likelihood of
resultant cancer will be reduced with reduced exposure levels, the target level should be the lowest level which is
reasonably achievable.

If the agent is absorbed through the skin, the potential for skin contact should be noted. There may also be a
potential for skin contact to lead to an agent coming into contact with food or cigarettes, leading to ingestion.

Biological monitoring of uptake

The most elementary step in a health surveillance program is to determine whether there has been uptake of a
chemical into the body. This is particularly important where different work patterns or work rates, or the level of
worker exertion, may contribute to greater potential for inhaling airborne chemicals. It is also important where
uptake is not solely from inhalation (eg some chemicals are absorbed through the skin). The most common
measures of uptake are of the chemical itself or of its metabolites in the blood or urine. It is clear that knowledge
of the metabolism and distribution of the indicator chemical is a prerequisite of appropriate sampling regimes and
chemical analytical techniques.

Caution is required in interpreting the results of such monitoring. One elementary precaution in urine testing is
to ensure that the measurement is standardised for urinary volume. A high concentration of a substance in the
urine may be merely due to a low urine output. A common means of standardisation is to measure the absolute
urinary output from a 24-hour collection. Since this may not be convenient or acceptable to workers, an
alternative approach is to take a “spot” urine sample and standardise according to urinary creatinine concentration,
which is an indicator of dilution (a high creatinine level indicates concentrated urine). 

It is also important to record the time of last exposure and time of urine sample collection, or the elapsed time
since last exposure, especially for carcinogenic agents having a short clearance time from the body. MOCA 
[4,4’ methylene bis(2-chloraniline)], classified as a probable carcinogen, has a half-life of about 24 hours so that a
sample of urine collected more than a week after exposure would be unlikely to contain any MOCA even with
high exposures. 

The most useful result of biological monitoring is to estimate exposure rather than to predict future effect. Even
as an index of exposure it is important to consider sources other than the occupational exposure. For example an
individual with elevated urinary hydroxypyrene levels (an index of polycyclic aromatic hydrocarbon exposure) may
have derived the excess from smoking rather than from occupational exposure. 

Another example is that of urinary 1-hydroxypyrene (1-OHP) levels in coke oven workers. 1-OHP is a urinary
metabolite of pyrene, one of the polycyclic aromatic hydrocarbons (PAHs) which are a carcinogenic hazard 
in industries where organic substances are burnt. A worker with a relatively high levels of urinary 1-OHP may 
have incurred PAH exposure from the coke oven; on the other hand it may be partly derived from smoking or
from contaminated urban air. It is preferable to interpret biological monitoring and environmental monitoring
data together.2

It is possible to be more confident in interpreting an overall excess of exposure in groups of workers. If a group of
coke oven workers has a significantly higher mean urinary 1-OHP level than a group not working near PAHs, it
is most likely that the excess is occupation related. Detection of such an overall excess would be a clear indication
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that control measures should be upgraded, and consideration given to following up exposed workers with
biological effect monitoring and medical screening.

Caution is required in using such a response as a predictor of future risk. Consider the hypothetical example of
urinary 1-OHP levels in coke oven workers in Figure 2.

Figure 2. Plot of urinary 1-hydroxypyrene levels in oven-top workers and other coke oven workers (Reproduced with permission of the
American Industrial Hygiene Society. Source: Reference 3)

On average, the urinary 1-OHP exposures have clearly been higher in the oven-top workers than the others, and
indicate the need for more stringent controls. However individual levels are not necessarily predictive of individual
cancer risk. Some individual oven top workers have lower 1-OHP levels than the average in the other group, and
some in the latter group have levels above the average of the oven top workers. While using the results to promote
preventive action, it is important to prevent undue anxiety by explaining that higher individual levels do not
necessarily indicate a higher cancer risk in that individual. 

The measurement of internal dose by biological monitoring documents whether any uptake of chemical has
occurred. The option should therefore always be taken to find out whether an index of uptake actually exists.
Observation or personal recollection of exposure can be quite unreliable, as has been demonstrated in studies of
Vietnam veterans working with Agent Orange: TCDD (dioxin) level measures in veterans’ adipose tissue showed
no significant association with four surrogate measures of probable exposure.4

For some substances there are recommended biological exposure guidelines. For example, ACGIH® (the American
Conference of Governmental Industrial Hygienists) has developed Biological Exposure Indices (BEIs®) for
selected substances as indicators of uptake of those substances. The BEIs® are guideline values, and represent the
levels of chemicals in specimens (commonly urine, blood or exhaled air) from healthy workers that typically
correlate with inhalation exposures at the ACGIH® Threshold Limit Values for those substances.5 For example,
following airborne xylene exposures at 100 ppm, one may expect end-of-shift urinary methylhippuric acid
concentrations of 1.5 g/g creatinine.( (The exceptions are BEIs® where biological monitoring is desirable because
of additional routes of entry, eg skin.) Hence BEIs® may be considered as the biological equivalents of
environmental exposure guidelines. However, while they may be useful guides to achieving acceptable exposure
levels, their interpretation is not one that identifies safe levels of exposure. The relationships between airborne
concentrations of chemicals and the corresponding biomarker have been established using data collected from
published studies. The variation in data inherent in varying experimental designs means that the derived
relationships are not exact. For example, a worker whose biomarker value does not exceed the BEI® may well have
experienced an airborne exposure significantly greater than the workplace atmospheric exposure standard.
Conversely, a biomarker value above the BEI® may occur with exposures below the exposure standard.

BEIs® are not formally cited in Australian law. In New Zealand, they are cited as guidelines in the Workplace
Exposure Standards.

Table 2 indicates some carcinogens and suspected carcinogens which have recommended standards for biological
exposure. 
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Table 2. Some carcinogens and suspected carcinogens which have Biological Exposure Indices (Reproduced
by permission of the ACGIH®)

Chemical Determinant

Aniline Total p-aminophenol in urine

Methaemoglobin in blood

Arsenic, elemental and soluble Inorganic arsenic plus methylated metabolites in urine
inorganic compounds

Benzene S-phenylmercapturic acid in urine

t,t-muconic acid in urine

Cadmium Cadmium in blood

Cadmium in urine

Chlorobenzene Total 4-chlorocatechol in urine

Total p-chlorophenol in urine

Chromium (VI), water-soluble fume Total chromium in urine

MBOCA Total urinary MBOCA

Nitrobenzene Total p-nitrophenol in urine

Methaemoglobin in blood

In the United Kingdom the Health and Safety Executive (HSE) has set a number of health guidance values
(HGVs) which are conceptually similar to BEIs®. It has also set a number of benchmark guidance values (BGVs)
for chemicals that are inappropriate for a HGV, such as for genotoxic carcinogens. If there is considered to be no
level of exposure that is protective of most workers, BGVs have been established as a means of reducing exposure
to achievable levels. A BGV is set at around the 90th percentile of available validated data, provided by a cross-
sectional study of workplaces with good occupational hygiene practices. It is thus a level which exceeds 90% of
the data, and can be achieved by most industries with good work practices.6 BGVs have been set for lindane,
MOCA and MDA (methylene dianiline), and another is proposed for urinary 1-hydroxypyrene, a marker for
workers exposed to polycyclic aromatic hydrocarbons. 

Non-quantitative indices of exposure

For some carcinogenic exposures, biological effects unrelated to the cancer process may serve as a marker of current
or past exposure. For example, exposure to chlorinated compounds such as the phenoxyacetic acid herbicides (eg
2,3,7,8-TCDD) can cause chloracne7,8; and aluminium reduction plant workers who have skin contact with coal
tar pitch may develop skin photosensitivity.

Asbestos exposure can cause pleural plaques. Plaques are different from the previous examples in that they do not
occur for many years after initial exposure, and are therefore of limited use as checks on current control systems.
If some individuals in a group of workers with past exposure to asbestos are found to have pleural plaques, the
group as a whole is at increased risk of asbestos-related cancer. Whether the presence of plaques is an indicator of
individual risk is a matter of dispute. A 1997 autopsy-based study suggests that plaques are a risk indicator.9

Identifying interaction with DNA

Most environmental carcinogens are believed to act by chemical interaction with DNA (genotoxic carcinogens),
resulting in structural alteration and altered genetic function. Some substances found to be carcinogenic bind
covalently with DNA to form so called DNA adducts (addition products). For example benz[a]pyrene binds with
DNA to benz[a]pyrene-DNA adducts. 

Methods for the detection and quantification of chemical adducts of DNA have been developed and applied to
occupational and non-occupational carcinogen exposures.10 

Tests such as these have the same limitations as the direct measurements of uptake described above. The first is
that we cannot be certain that such adducts are the result of occupational exposure. Adducts between the
polycyclic aromatic hydrocarbons (PAHs), of which benz[a]pyrene is an example, and DNA can occur regardless
of the source of the PAH. Thus coke oven workers may have benz[a]pyrene DNA adducts from their occupational
exposure to benz[a]pyrene. Equally however they may be the result of smoking or pollutants in urban air or may
even be dietary in origin.
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Second, the presence of such adducts is not a predictor of future cancer in an individual. Such tests should be
regarded as markers of exposure, not necessarily as an indicator of future disease. They should be interpreted on a
group basis, so that if on average the level of DNA adducts found in workers in a particular process is higher than
in a control group, the process may require an improvement in controls. Individuals with consistently elevated
adduct levels may be at increased risk, relative to others with consistently lower levels, either because of higher
exposure or increased susceptibility to adduct production or persistence.

Sometimes it is expedient to test for the binding of reactive chemicals to proteins instead of DNA. These protein
adducts may be used as a surrogate index of the binding of chemicals to DNA as the ultimate genotoxic target.
The advantage of using proteins such as haemoglobin as quantitative markers of DNA binding is that large
quantities of haemoglobin may be extracted from human blood samples.

Most of these studies have been experimental and it is hoped that this research will give insights into the biology
of cancer formation. However testing for these biomarkers is not readily available in Australia for surveillance of
workers exposed to carcinogens.

Tests for structural change or damage to DNA 

An alternative to searching for adducts of DNA with specific carcinogens is to look for microscopic evidence of
structural changes to the DNA. Unlike tests for DNA adducts, which are research tools, tests for structural DNA
changes are available for surveillance of potentially exposed workers. Unfortunately they have the disadvantage of
being non-specific, as they may arise from many types of chemical insults such as air pollutants, smoking, dietary
factors, prescription drugs or occupational chemicals. 

Some examples of these tests are:

• DNA breaks: In vivo repair of DNA adducts, cross-links and other lesions may give rise to transient breaks in
DNA as a part of the DNA repair process. Other genotoxic chemicals may induce DNA breaks without
forming adducts. DNA breaks may be visualised in a range of tissues using a variety of analytical techniques.
One such test, the single-cell gel electrophoresis test, or comet assay has emerged to become a simple, robust,
and quantitative method for the analysis of DNA breaks both in vitro and in vivo.11 This test has the advantage
that it may be applied to a variety of accessible tissues, including peripheral blood lymphocytes, exfoliated
urothelial cells in urine, and buccal mucosal cells. The selection of the appropriate test tissue may depend on
the likely target for toxicity of the chemical under investigation.

• Chromosome aberrations (CA): These represent a variety of changes to chromosomes, including gaps, breaks,
loss or addition of centromeres, and other changes. Specialised expertise is required in interpretation and
scoring of CA. 

• Sister chromatid exchanges (SCE): These represent the exchange of DNA between chromatids of the same
chromosome following chromosomal damage, although the specific mechanism is not fully understood. The
advantage with this method is that SCEs are more easily visualised and scored than CA. 

• Micronuclei: These occur when genetic injury results in either chromosome damage or damage to the spindle
apparatus of the cell, so that when the cell divides, either a DNA fragment or a whole lagging chromosome is
not incorporated into daughter nuclei but appears in the cytoplasm.

All of these tests need great caution in interpretation because they are associated with a wide variety of chemical
insults. Moreover, to visualise these changes, laboratory culture of lymphocytes is needed. This may itself
contribute to elevated observed frequencies, requiring concurrent analysis of unexposed or control groups.
Therefore, it is necessary to compare the average frequency of aberrations in a group of workers with an exposure
of interest with the frequency in an unexposed group. They should not be regarded as useful tests for individuals,
since other factors, such as viral infection, recent x-ray and other chemical exposures (eg diet, hobby or pastime,
or unidentified chemical exposure) may affect cytogenetic outcomes. 

Studies of chromosome aberrations in subjects exposed to chemicals have shown that the endpoint (such as
increased rate of SCEs) returns to normal after exposure ceases and damaged cells are repaired or cleared from the
body.12 This has implications for communication of results to subjects. Positive outcomes in these tests indicate
that some forms of DNA damage have occurred and there is an implicit risk if exposure continues. There is
continuing research and debate on the prognostic significance of such findings. It has been claimed that some
studies have found a higher risk of cancer in those groups in whom the frequency of biomarkers is raised but the
increased risk is unrelated to occupational exposures.13 Irrespective of current uncertainties, it is important to note
that tests for increased frequency of biomarkers are not valid for predicting whether a particular individual or
individuals will develop disease.
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Screening for pre-clinical cancer or early cancer

Screening tests for early cancer or for premalignant states are of limited use as checks on control systems, because
such changes are unlikely to be detected until several years have elapsed since initial exposure. Such screening is
worth undertaking in workers with past exposure to carcinogens if the detection of an abnormality can be followed
by action which effects cure or prolongs survival time. Survival time is the time from onset of disease to death, not
time of diagnosis to death. If early diagnosis merely lengthens time from diagnosis to death by achieving a
correspondingly shorter time from disease onset to diagnosis, nothing has been gained.

The utility of screening varies with the cancer type. In general this depends on the effectiveness of treatment of
the particular cancer. Cervical cancer is an example where screening can lead to treatment resulting in an increase
in cure rate in the population screened. On the other hand a Mayo clinic study on lung cancer concluded that the
benefit of screening by sputum cytology or chest x-rays is insignificant.14 Some recent studies have claimed a
potential benefit15,16 but a Cochrane review has failed to find support for chest radiography or sputum cytology.17

The advent of CT scanning has presented a potential advance in screening. CT scanning can detect very small
lung tumours, and some recent evidence concluded that CT-based screening (as opposed to plain x-ray) enhanced
detection of lung cancer at earlier and more curable stages.18 Randomised trials are needed to demonstrate the
extent to which screening of individuals at risk will improve cure rates and survival times. 

Before a screening measure is undertaken for detecting future disease, consideration must be given to whether the
test is a valid predictor of that disease. An example where this condition has been ignored is a past
recommendation from the US for blood examination of workers exposed to ethylene oxide, which is believed to
cause leukaemia. There are no warning signs of incipient leukaemia evident from haematological studies, so such
a test is at best invalid and at worst liable to engender a false sense of security to workers who are still exposed.

The performance of a screening test should be judged by its ability to identify persons who have or will develop
cancer. Firstly, there needs to be a high probability of a positive test in someone who has or will develop cancer.
Secondly, it is desirable that most subjects without the disease will test negative, since a high rate of false positives
can generate much groundless anxiety. Nevertheless tests may be justified if (i) they are highly sensitive and (ii) a
positive result can be followed promptly by further investigation to exclude false positives. An example is urine
dipstick testing for haematuria in workers exposed to aromatic amines, many of which can cause bladder cancer.
Such screening programs are worthwhile because the results of treatment are often excellent. Dipstick testing for
haematuria is sometimes positive from causes other than cancer or precancerous states - indeed probably a
minority of positive tests are due to these causes, but this cheap and simple test is justified since positive test cases
can readily be followed up to identify cancers and premalignant states.

The timing of screening programs is crucial. Most occupational screening programs are undertaken by employers,
yet most cancers are likely to develop long after workers have ceased employment at the workplace where exposure
occurred. For those responsible for the surveillance of workers exposed to chemicals, every effort must be made to
ensure that screening programs are undertaken at a time when they most useful. This means that employers should
maintain a roll of previous employees and notify those on the roll when their next test is due.

A more desirable solution would be to establish a State or national register of workers with past exposure to
carcinogens. Some programs already exist for workers with past exposure to mineral dusts but very little
attention has been given to other carcinogenic exposures. Only a government authority could undertake this
program effectively and unfortunately there appears to be little interest in any such programs on the part of any
Australian jurisdictions. 

Table 3 lists possible clinical screening tools for various cancer types. Most of these tests are recommended by the
National Occupational Health and Safety Commission, although some measures (eg skin examination) await
proof of efficacy.
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Table 3. Possible clinical screening tools for subjects at risk of occupation-related cancer

Cancer type Test Comment

Lung X-ray Population studies have shown possible improvement in 
cure rate or survival time 15-17

Lung Spiral CT scanning Costly, but consider for workers at risk of lung cancer18

Lung Sputum cytology No demonstrated increase in cure rate or survival time17

Mesothelioma, Chest x-ray, HRCT scan Detection of pleural plaques indicates past asbestos 
asbestos-related exposure; detection could lead to need to avoid further 
lung cancer exposure, quitting smoking, possible dietary advice

Silica-related lung Chest x-ray, HRCT scan Detection of silicosis indicates need to avoid further 
cancer exposure, quitting smoking, possible dietary advice

Bladder Clinical testing for Simple to perform but low specificity – most test-positive 
haematuria subjects will not be cancer cases

Bladder Urine cytology Tumours may shed abnormal cells intermittently

Skin Clinical examination Simple to perform; should be undertaken in all sun-
exposed workers and those exposed to skin carcinogens; 
false positives common however

Leukaemias No test available No known identifiable predictors which could lead to 
effective intervention 

Liver α-foetoprotein

Ethical and legal considerations

Tests such as those described here test healthy people not because they have presented to a medical centre for
attention but only because they happen to work at a particular location. Thus the usual element of implied consent
to undergo testing in a medical context is absent. Certain ethical considerations are therefore important in
designing a program of health surveillance or biological monitoring.

• The right to privacy should be respected. This means that results should be obtained and interpreted by a
person independent of the employer, and results withheld from the employer unless the worker gives informed
consent for them to be passed on. As discussed above, the appropriate manner of reporting to the employer
should be by work area, so that problem areas - rather than problem individuals - can be identified. South
Australian law prohibits access by employers to company medical records. Individual results must be accessible
only to medical personnel, even where the company itself runs the medical service.

• The results of the testing should not result in any discrimination, such as loss of employment, loss of pay or
any other victimisation. Workers in some industries have longstanding concerns over medical screening
programs because the employers’ response has been to blame the victim rather than address the problem of the
working conditions which caused the problem.

In some jurisdictions there may be a statutory requirement for performing health surveillance or biological
monitoring. For example, New South Wales regulations require employers to provide biological monitoring for an
employee if there a reasonable likelihood that the employee could be exposed to levels of a hazardous substance
that could be a risk to health and an effective procedure for the biological monitoring of those levels is available.
Some jurisdictions have scheduled certain substances for which biological monitoring or health surveillance is
required if there is significant risk to the health of the employee from the scheduled substance and there are valid
techniques for detecting indications of the disease or other effects on health.

However, the regulations do not address issues of consent, termination of employment or redeployment. 
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The following provisos should apply to biological monitoring or health surveillance programs:

• They should be part of a prevention program.

• Consent should be given without coercion, and should be fully informed, including information on evidence
for efficacy, sensitivity and the consequences of a false positive test result.

• In general, individuals should have the right to refuse to participate. However in some circumstances biological
monitoring may be essential to ensure the efficacy of control measures, in which case employers could require
such testing to fulfil the legal duty of care. In such circumstances employers should make clear their policy on
participation in biomonitoring programs and should seek employee consent to participate in the program
before job placement. 

• Individuals should be provided with their own results.

• There should be skilled medical advice available to provide interpretation of the results to workers. (It should
not be assumed that all doctors possess the necessary skills.)

• Results should not be passed to a third party (eg the employer) without the individual’s consent.

Conclusion

For those with a duty of care to workers handling carcinogens, the first priority must be to eliminate or control
exposure. If exposure cannot be eliminated entirely, a monitoring program must be in place to reassure workers
that they being protected against the risk of occupational cancer. 

The best evidence that workers are protected is in environmental monitoring indicating that the immediate
environment of workers is free of contamination. 

It is often desirable to supplement environmental monitoring with biological monitoring. Environmental
monitoring usually consists of monitoring for airborne substances but atmospheric concentrations are imperfect
predictors of the amount of contaminant inhaled. Furthermore some chemicals, including some carcinogens, are
absorbed through the skin, and there may be some possibility of ingestion also. The most valid index of uptake
therefore is from assay of blood or urine, which integrates exposure by all routes and over time. The main
inferences to be drawn are whether there is significant uptake in the exposed groups compared with controls,
rather than on the prognostic significance of results in individual workers. Indeed workers should be reassured that
a raised level of such metabolites does not in itself imply an increased cancer risk. 

Biological testing for effects of exposure, such as adducts of DNA with carcinogens, has the same limitations as
testing for urinary metabolites. Such testing is still regarded as a research tool, and is not readily available for
routine surveillance. 

Similar limitations apply to tests for chromosomal aberrations, which are even less exposure-specific.

Health surveillance for incipient disease or early disease is useful if it can lead to cure or to increased survival time.
This varies for different cancers. It is important that any screening program is sustained beyond the period of
actual exposure, as cancer from an occupational exposure may not occur for many years. 

Where to go for biological monitoring

A number of laboratories provide tests described in this chapter. Appendix 3 lists the addresses of professional
bodies of consultants who can give advice and assistance on monitoring programs.
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EVALUATING WHETHER AN OCCUPATIONAL EXPOSURE
HAS CAUSED CANCER IN AN INDIVIDUAL CASE

This chapter outlines the procedure for evaluating whether an occupational exposure has contributed to the
occurrence of cancer in an individual. The main application of such evaluations is in compensation or litigation.

The notion of causation of occupational cancer is different from that of infectious disease. If a person presents with
the clinical manifestations of malaria, and the malaria parasite can be found in the person’s blood, it can be said
with confidence that the patient’s condition is caused by the malaria parasite. On the other hand the occurrence
of a cancer in a person previously exposed to a cancer-causing agent cannot readily be attributed to that agent,
since work-related cancers are usually indistinguishable, histologically and in natural history, from similar cancers
unrelated to work. A decision on whether an exposure was causal in development of cancer is based on factors such
as whether exposure occurred, the extent and timing of exposure, and consideration of the balance of probabilities
in the light of current scientific evidence. This chapter sets out the successive steps required to ensure that all
relevant factors are considered in making the ultimate judgement. The risk of cancer from asbestos exposure has
been extensively studied and is discussed in Chapter 5.

The suspected cause of the cancer may be:

• a specific chemical or another exposure such as ionising radiation

• employment in a particular occupation or industry, without any chemical or other exposure being specified. 

If a specific chemical or other exposure is suspected, the analysis follows the steps below. If an occupation or
industrial process is being evaluated, general reference to work practices in a particular industry may be necessary
to determine specific substances to which the individual in question may have been exposed. If one or more
chemicals are identified as suspect causes of the cancer, each would then be evaluated by the steps below. However,
even if no particular exposure is specified, investigation of the particular occupation or process can still proceed,
to determine whether there is empirical evidence of causation, regardless of what the particular causal agent may
have been.

In assessing the probability that a cancer is causally related to a chemical exposure (or industrial process or
occupation), the following questions should be addressed:

• Is the agent carcinogenic to humans?

• Could the exposure have led to uptake of the agent?

• What was the intensity and duration of the exposure?

• Is the particular agent associated with cancer at this site and of the same histological type?

• Is the site of the cancer consistent with the route of uptake of the agent?

• Was the time from exposure to disease onset consistent with the induction latency period of the agent?

• Were there other factors that might have contributed to the risk of cancer in this person?

If the answers to these questions indicate that the agent could have been responsible for the cancer in that person,
the probability that the exposure was causal in that person must then be estimated.

Is the agent carcinogenic to humans?

A number of bodies have evaluated the carcinogenicity of occupational and environmental agents. The
International Agency for Research on Cancer (IARC), an agency of the World Health Organization, undertakes
such evaluations, which are carried out by committees of scientists selected from different countries on the basis
of their knowledge of the agent being evaluated. In Australia a committee of the National Occupational Health
and Safety Commission (NOHSC) evaluates carcinogenicity. The committee evaluations are usually similar to
those of the IARC, although the classification system is somewhat different. The NOHSC schedule of carcinogens
is given in Appendix 2a and the New Zealand schedule in Appendix 2b.
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In many instances the agent or occupation will have already been subject to a formal evaluation by a body such as
IARC. The agents studied have been classified by IARC according to the strength of evidence of carcinogenicity,
using a set of formal criteria (see Appendix 1). The IARC schedule can be viewed on its website at www.iarc.fr.

Information on carcinogenicity is given on material safety data sheets (MSDSs) but it is preferable to directly refer
to a scientific or regulatory source. MSDSs are produced by a number of different bodies, private and public, and
vary greatly in quality. If an agent has been assigned a classification by a body such as NOHSC or IARC, the
supporting documentation should be consulted. 

However, some other steps should also be taken. 

Firstly, examine and evaluate any epidemiological or experimental studies published since the classification was
made as to whether they affect the basis of that classification sufficiently to change it. Pay close attention to the
date when authoritative reviews or evaluations were made. Search the more recent literature to establish whether
new data have rendered the earlier assessment invalid. Additional data should be evaluated by a person skilled in
cancer epidemiology.

Secondly, consider the strength of the evidence on which the classification is based. A classification of
carcinogenicity may have been based on limited evidence, such as a single epidemiological study, and may not
necessarily be justified for the purpose of assessing a claim. It may well, however, be justified as a precautionary
measure to ensure that workers are given adequate protection. 

Thirdly, ask whether the classification has been subject to dispute. Some IARC classifications (eg on beryllium and
silica) have been the subject of continuing debate.

If there has been no formal evaluation of the carcinogenicity of the agent, a judgement will have to be based on a
review of the available scientific evidence. Refer to a cancer epidemiologist for such a review.

What was the intensity and duration of the exposure?

If the exposure could have led to uptake, it is necessary to determine the total effective exposure. 

The primary evidence of “exposure” is generated from an occupational history, which is best recorded by an
experienced occupational health physician or occupational hygienist. The history will record start and finish dates
for each job held. Each job should be described by actual duties performed as well as job classification. Record all
aspects of the work environment including, for example, whether particular workplaces were adequately
ventilated. Record individual workplace and out-of-work hygiene practices, such as the need for washing to
remove adherent material from skin or clothing. All aspects of “safety” may be relevant. The availability and use
made of protective clothing or related matters is a crucial aspect of the history. 

Wherever possible make a quantitative estimate of exposure using exposure records from the person’s work if they
are available. If not an estimate may be made from knowledge of the industry concerned. Such estimates may
require the help of an occupational hygienist, and would take into account the process, control methods in use at
the time and whether personal protective equipment was used. Evidence of personal exposure may be inferred
from the necessity to clean safety equipment (eg remove deposits, replace filters). Obviously if safety equipment is
not available or is inadequately maintained, this will be relevant to any discussion of exposure. Individual
experience of the workplace, as documented in the occupational history, may provide evidence of exposure such
as awareness (and persistence) of odour, the need to wash hands, face or other skin free of material, and the need
to wash clothing.

Biological evidence of exposure may be available. Direct evidence stems from documented detection of the
compound or its metabolites in body tissue or fluids, and may exist if determinations of blood or urinary levels
were made at the time of exposure. In some circumstances biological indices of exposure may still be found when
the cancer has been diagnosed. For example some pesticides are highly stable in the body and the levels found at
the time of cancer onset may be used as an index of past exposure. Blood dioxin levels have been measured in
Vietnam veterans formerly exposed to phenoxyacetic herbicides (of the Agent Orange type). In fact previous
estimates of dioxin exposure (based on exposure history or chloracne) correlated poorly with the blood dioxin
levels, and scientists concluded that the latter enabled them to make a more valid estimate of the relationship
between exposure and disease.1,2

Some metals (eg cadmium) have a long half-life in the body enabling current body burden to be used for
estimating past exposure.3
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A record of employment duration in the particular job is usually obtainable relatively easily, either from the subject
or from employment records. Both experimental and epidemiological data indicate that risk of cancer increases
with increasing duration of exposure. Most instances of occupational cancer involve exposure periods of at least
five years. The possibility of a causal relationship cannot be excluded for lesser periods, though many
epidemiological studies exclude individuals whose exposure was less than six months. 

These considerations should lead to an estimate of cumulative exposure, which is the product of time-weighted
average exposure and the duration of exposure.*

Cumulative exposure is essential as an indicator of the probability that the exposure caused the disease. The higher
an individual’s cumulative exposure to a human carcinogen the greater is the probability that it contributed to the
causation of the cancer. A low cumulative exposure does not exclude a causal role but makes it less likely. 

Could the exposure have led to uptake of the agent?

There are a limited number of ways in which a chemical agent can be taken up: inhalation, ingestion and
absorption through the skin. Uptake from at least one of these routes must occur if the agent is to cause cancer.
The potential for each of these routes must be carefully explored by somebody familiar with the principles of
occupational hygiene.

If the agent was solid, it must have become airborne in respirable form. If the cancer under consideration is the
lower respiratory tract (lung or bronchial cancer) the dust must have been respirable (ie less than 10 microns in
diameter).

Volatility of liquids is an important factor. If an agent is volatile, the vapour can be inhaled. Even non-volatile
liquids can still be inhaled through aerosolisation. 

Many substances can be absorbed through the skin, and it is therefore important to know both whether the agent
can be absorbed percutaneously and how readily. If skin absorption can occur it is important to ascertain whether
there was an opportunity for skin contact. 

Ingestion is less common in the occupational environment but can occur from smoking or eating with
contaminated hands.

In the special case of radiation exposure, the type of radiation is important. Alpha particles cannot penetrate intact
skin, and can only have a biological effect if inhaled or ingested, whereas gamma-radiation and x-rays can be
effective whether the source is internal or external. Therefore, where there is a history of radionuclide exposure, it
is important to know the type of radiation emitted. 

Is the particular agent associated with cancer at this site and of the same histological type?

Most cancer epidemiology has associated particular exposures with cancers of a specific site or a number of specific
sites. For example tobacco smoking is associated with cancers of the lung, larynx, bladder, cervix, pharynx but not
other cancers such as cancers of the brain. It is important to ascertain that the cancer site is consistent with the
target organs identified in the epidemiological studies. Some of the more common exposures and the target organs
are listed in Table 4.

It may also be helpful to identify the tumour type in some detail. Some carcinogens can cause tumours of different
histological type. Examples are wood dust with the associated sinonasal cancer adenocarcinoma; vinyl chloride
with angiosarcoma of the liver; benzene with acute myeloid leukaemia; ionising radiation with acute myeloid
leukaemia and chronic myeloid leukaemia; and inorganic acids with intrinsic carcinoma of the larynx. 

It is sometimes necessary to characterise the exposure in further detail. For example sinonasal cancer has been
identified with working with hardwoods (the evidence being weak or absent with softwoods). Mesothelioma is
most strongly associated with blue asbestos (crocidolite), although it has also been associated with exposure to
other species of asbestos. This consideration may be important where a person with mesothelioma has been
exposed to different asbestos types in different jobs.

* Cumulative exposure is the exposure estimate most commonly used, and a number of exposures have been confirmed as carcinogenic on the
basis of increasing risk with increasing cumulative exposure. However, there may be other dimensions of exposure which are important in
determining risk, such as the frequency or intensity of exposure peaks. 
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Table 4. Common carcinogenic exposures and their target cancer sites

Exposure Cancer site

Asbestos Mesothelium (pleura/pericardium, peritoneum), lung

Passive Smoking Lung

Silica Lung

Shoe manufacturing/repair Nasal epithelium

Aluminium reduction Bladder, lung, skin

Coal gas/coke production Lung, kidney

Furniture/cabinet making Sinonasal epithelium

Iron and steel founding Lung

Rubber industry Various

Painting Lung, leukaemias

Arsenic Lung, skin, bladder

Chromium Lung

Benzene Leukaemia

Nickel Sinonasal epithelium, lung

Coal tar and coal tar pitch Larynx, lung

Inorganic acids Larynx, lung

Mineral oils Bladder

Radon daughters Lung

Wood dust Sinonasal epithelium

Is the site of the cancer consistent with the route of uptake of the agent?

It is useful to consider whether the cancer has occurred at a site to be expected from the route of uptake.

The route of uptake of carcinogens influences the site of the resulting cancer. Carcinogens taken up by inhalation,
such as tobacco smoke and asbestos, are usually associated with lung cancer. Whether they can cause cancer at
other sites will depend on whether they are absorbed systemically from the point of entry. Some constituents of
tobacco smoke are absorbed, so that smoking is also associated with a number of internal cancers, such as bladder
and cervix uteri. On the other hand asbestos has a long residence time in the lung and is rarely associated with
cancers at remote locations. (A relatively uncommon exception is abdominal mesothelioma, which can be caused
by asbestos exposure.)

Lung cancer can result from exposure pathways other than inhalation. Although lung cancer has been causally
associated with inhaled arsenic, a strong link has been identified between lung cancer and raised arsenic levels in
drinking water.4

Skin cancer is commonly associated with substances which have come into contact with the skin, but there is some
evidence that it can result from exposure from other routes as well. For example cases of skin cancer have been
reported following arsenic ingestion.5

It is also possible that skin contact can lead to internal cancers as well. Some aromatic amines, for example, are
absorbed through the skin and thus may be responsible for some cases of bladder cancer in exposed workers.

Was the time from exposure to disease onset consistent with the induction latency period
of the agent?

The transformation of normal cells to malignant cells is understood to be a multi-step process. Although all
cancers are believed to be monoclonal in origin (ie derived initially from a single mutant cell), a number of
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successive mutations, each followed by a period of reproduction of the mutant cell (clonal evolution), must occur
before a malignant cell is finally produced leading to cancer. An environmental agent can contribute to cancer
formation by directly causing a mutation or by promoting rapid growth of cells thereby increasing the probability
of a mutation. The period between exposure to an environmental carcinogen, usually measured from the date of
initial exposure, and the onset of cancer is known as the latency period of the agent. Epidemiological studies
indicate that most such carcinogens have a latency period of several years. 

Therefore before attributing a cancer to a past exposure, an estimate should be made of the period between the
exposure and cancer onset to ensure that at least the minimum latency period has elapsed. Most epidemiological
studies tend to exclude cancers within 10 years of first exposure and, because of the number of steps in the
transformation from a normal cell to malignancy, greater confidence can be placed in a causal association with
longer periods following exposure. There is good evidence on the latency period of asbestos exposure in causation
of mesothelioma, as discussed in Chapter 5. There is evidence that the latency period for benzene and radiation-
induced leukaemia may sometimes be less than 10 years.6-10 However, evidence is scant on the minimum latency
period for most cancers. Therefore in the absence of good data, latency periods of less than 10 years cannot be
totally ruled out.

Were there other factors that might have contributed to the risk of cancer in this person?

It is important to search for other factors which may affect the risk of cancer, such as smoking, age, other
carcinogenic exposures and genetic factors. 

Smoking has a strong causal role in many cancers, accounting for over 90% of lung and laryngeal cancers, 50%
of pancreatic cancers and less than 10% of gastric cancers. For these cancers the smoking history should be
quantified. Smoking history is measured in pack-years, that is number of years smoked multiplied by average
number of packets per day. A record of the number of years since quitting, where applicable, is also relevant. 

However, a history of smoking does not necessarily diminish the probability that the cancer was occupation related
as well. It is clearly established that multiple factors can contribute to tumour formation, and there is a broad range
of human cancers where causation includes the combined impact of two or more factors, particularly when each
agent can cause the same tumour type. If that is the case, the risk of cancer is greater - and possibly multiplicatively
greater - than would have been the case if the exposure was to each of the agents separately. Examples extend from
the synergism exhibited between cigarette smoking and a number of carcinogens - asbestos, radon daughters and
arsenic - as contributing to lung cancer. These considerations may be important in determining the balance of
probabilities in a particular case and are discussed in the following section.

Assessing the probability that the exposure was a contributory cause of the cancer

If the exposure is considered to be carcinogenic, if the cancer is of a type consistent with the chemical agent and
its route of exposure, and if the minimum latency period has been exceeded, it remains to quantify the probability
that the cancer was caused by the exposure. 

The greater the total exposure, the greater the likelihood that it was causal.

Ultimately the decision on causation is which is the more probable of the following two alternatives:

• the cancer would have occurred in this person even if there had been no exposure 

• the cancer would not have occurred in this person but for the exposure.

Deciding causality is thus a matter of resolving the balance of probabilities - whether it is more probable than not
that the exposure contributed to the cancer. Most legal compensation jurisdictions make decisions on the balance of
probabilities. Such decisions can be aided by deriving an arithmetic function called the probability of causation (PC).

Probability of causation

In general terms, the PC is derived thus:

PC = (RR - 1)/ RR

where RR = relative risk, that is, the cancer rate in an exposed population compared with the rate in an unexposed
population. 

Where the RR exceeds 2, the probability in any single case that the exposure is causal is greater than the probability
that it is not. Where the RR is less than 2, the reverse is true.
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On the basis of this reasoning, the balance of probabilities favours the claimant if RR exceeds 2.

The exposure corresponding to a RR of 2 is sometimes called the doubling dose, meaning the exposure at which
the risk is double that of the general population.

The examples in Box 1 explain the basis of the probability of causation function.

Estimating relative risk

The probability of causation is thus seen to be dependent on the RR, that is, the ratio of the incidence rate of
cancer in a population exposed to the agent to the incidence in an unexposed population. Since RR increases with
increasing exposure, the critical question is whether the cumulative exposure was sufficient to cause more than a
doubling of the risk, that is, whether the RR exceeds 2 in a population exposed to the estimated cumulative exposure.
If it does, then the balance of probabilities favours causation.

To determine the RR it is necessary to consult the epidemiological literature to identify whether the person’s
cumulative exposure has been associated with a RR greater than 2. Some studies have computed the dose-response
relationship between cumulative exposure and RR, in which case the decision is comparatively simple.

Unfortunately, for several carcinogenic agents the relationship between exposure and risk has not been measured.
In such cases all that can be done is to decide whether the exposure of the affected individual was similar to that
recorded in epidemiological studies of the agent. The RR is best estimated where the person’s job description
coincides with that which served as a basis for epidemiological study; for example, where an individual worked as
a house painter, reference can be made to the RR in studies of occupational cancer risk in house painters. If the
circumstances are different, judgement will be required on whether the RR is different. Thus a garage mechanic
may be exposed to the same petroleum products as refinery workers, but the processes and work practices may
different, in which case judgement is required on whether the exposure and hence the RR is different. (Generally
large capital-intensive organisations such as oil refineries are able to control exposures better than small
workplaces.) Similarly employment as an instructor on automotive spray painting under ideal conditions is not
the same as working in a vehicle repair shop. 

Some epidemiological studies which lack an estimate of RR of cumulative exposure nevertheless have estimates
according to duration of employment. Thus a study of bladder cancer in the aluminium industry may have shown
an RR of 1.5 in those employed for up to five years, and an RR of 2 in those employed from six to 10 years. In
such a hypothetical case, workers who had performed similar work to that of the population in the study for more
than 10 years would have a RR of bladder cancer greater than 2, and in an individual with bladder cancer the PC
would be greater than 50%.

Box 1. The basis for using the probability of causation function

Consider a population exposed to a carcinogen which causes a doubling of the incidence of bladder
cancer, and suppose that the annual rate of bladder cancer in the general unexposed population of
comparable age and sex is 10 cases per 100,000. The bladder cancer rate in the exposed population
is therefore 20 per 100,000, that is, the RR in the exposed population is 2. Of the subpopulation of
workers exposed to the agent who developed bladder cancer, one-half will have developed the cancer
as a result of the exposure, whereas the other half would have developed the cancer even in the
absence of exposure. With a sample of, say, 20 subjects randomly chosen from this subpopulation, 10
will have developed the cancer as a result of the exposure, whereas the other 10 would have
developed the cancer even in the absence of exposure. (In reality, because of sampling variation the
numbers might not be exactly 10 and 10. The numbers would be exactly equal only with an infinitely
large number of subjects.) It is not possible to know which individual subjects belong to which
category. It is only possible to say that in each subject the probability that the cancer is causally related
to the exposure is on average equal to the probability that it is not. The probability of causation in any
individual case is 50%.

If instead the exposure causes a trebling of the cancer rate, that is the RR is 3, then it can be said that
of a sample of 30 exposed cancer cases, 20 will have developed the cancer as a result of the exposure,
whereas the other 10 would have developed the cancer even in the absence of exposure. In each
subject it is more probable than not that the cancer was causally related to the exposure, and the
probability of causation is equal to 20/30, or 0.67.

Conversely, if the exposure increases the cancer rate by one-half, that is the RR is 1.5, then of 15 cases
with a history of exposure, only 5 would be caused by the exposure. In each subject it is more probable
than not that the cancer was not related to the exposure, and the probability of causation is thus 5/15,
or 0.33.
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Usually there is little difficulty in deciding which epidemiological study to consult to determine the relationship
between risk and exposure, because the number of relevant epidemiological studies is usually quite small.
Sometimes the IARC may have made a classification of human carcinogenicity on the basis of a single study.
Where there is more than one relevant study, it is best to select a study where the exposure occurred in the same
or a similar industry to that of the case in question. If a choice must be made, consult review articles on the subject
or the series of IARC monographs on carcinogens, which tabulate all the available epidemiological studies. 

Adjusting for other causal factors

For cancers associated with occupational exposures that are also caused by smoking it may be necessary to adjust
the estimate of PC, depending on whether there is any synergistic effect from the combination of smoking and
the occupational exposure. The interaction of the two may have a multiplicative effect as in the following
hypothetical case of exposure to a chemical agent:

RR Not exposed Exposed

Non-smoker 1 2

Smoker 10 20

The RR from exposure alone is 2, from smoking alone 10, and from both 2 x 10 = 20 (approximately), that is,
the effect of the two factors combined is multiplicative. Note that the RR from the occupational exposure is 2 in
both smokers and non-smokers, that is the RR due to occupational exposure applies regardless of smoking history.
Thus where the combined effect of exposure and smoking is multiplicative, no adjustment is needed for smoking.
Where the effect is not multiplicative, the PC will have to be adjusted according to the nature of the interaction
(eg additive) and whether the person smoked and how much.11

Similar adjustments may be required for the age of the person in cases where risk following exposure is dependent
on age and the combined effect is other than multiplicative.

Limitations of the model

The PC model has the merit of simplicity but there are a number of associated problems, some of which various
jurisdictions have sought to overcome by statute.

The estimate of PC is a continuous estimate lying anywhere between 0% and 100%. Reducing this percentage
estimate to one of two alternatives - causal or non-causal - necessarily means that some errors will occur. Between
0%, where we can be certain that the exposure was not causal, and 100%, where we can be certain that it was, the
determination of causality according to whether the PC is less than or greater than 50% will lead to errors in some
cases (see Box 2). 

Box 2. How errors can occur in assessing causation

Let’s return to the examples in Box 1. Where it is found that a particular exposure causes a RR of 3, it
can be said that of a sample of 30 exposed cancer cases, 20 will have developed the cancer as a result
of the exposure, whereas the other 10 would have developed the cancer even in the absence of
exposure. In each subject it is more probable than not that the cancer was causally related to the
exposure, and the probability of causation is equal to 20/30, or 0.67. If all 30 cases were awarded
compensation, one third will have received an award to which they were not really entitled, but it will
not be known which 10 of that 30 they were. 

In the other example where the exposure increases the cancer rate by one-half, that is the RR is 1.5,
then of 15 cases with a history of exposure, only 5 would be caused by the exposure. In each subject
it is more probable than not that the cancer was not related to the exposure, and the probability of
causation is thus 5/15, or 0.33. If all 15 cases were denied compensation, 5 would have been unjustly
treated, but it is not known which of the 15 individuals they were.

In summary, if all cases are decided according to the balance of probabilities an injustice will be done
in a proportion of cases, either to the plaintiff or the defendant. (The situation is thus different from the
criminal law where it is held that “it is better that 100 criminals go free than that one innocent person
shall hang”.)
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The existence of this “all or nothing” threshold could be regarded as harsh, particularly to those claimants in whom
the PC just falls short of 50%. Some jurisdictions have sought to overcome this by instituting a system of part
payments for such cases.11,12

Other legislative adjustments could be made by statute to give the claimant the benefit of any doubt. An example
is the use of the upper limit of the 95% confidence interval to assess RR as proposed by the Canadian province of
Quebec.11 The confidence interval is a statistical estimate of the possible error in the estimated RR due to limitations
in the size of study populations on which the RR is based. The smaller the sample population on which the RR
estimate is based, the larger the potential for error and the greater the confidence interval. For example, if a given
cumulative exposure were found to cause an RR of 1.60 with a 95% confidence interval of 1.30 to 2.10, under the
system described above a person with that cumulative exposure would fail in his claim because the RR (ie the point
estimate of RR) is l.60, which is less than 2. However, if there were a rule that the upper limit of the 95% confidence
interval (in this case 2.05) were to be the basis of the estimate, the claim would succeed since it exceeds 2. 

Such departures from the use of the conventional balance of probabilities could be justified by the uncertainties
involved in accurately assessing exposure history of individuals and in deriving exposure-response relationships.
However, such rules would require enactment in law and are therefore a matter for political decision making. 

Another concern is that the adjustment for co-factors such as age and smoking, as discussed, can sometimes
involve complex computations.

Further complexities are certain to arise in the future in relation to the role of genetic factors in cancer
development, and the effect of exposure in people with different genotypes. For example people with the slow n-
acetyl transferase 2 (NAT-2) genotype who are exposed to certain aromatic amines appear to have a greater risk of
bladder cancer than those similarly exposed but who lack that genotype. Such genetic factors influence the
metabolism of some chemical agents, and may thus vary the risk of cancer in either direction. 

Even more difficult to evaluate is the occurrence of some uncommon hereditary conditions associated with
defective DNA repair. An example is the condition xeroderma pigmentosum, where the person has a greater than
1000-fold increase in sunlight-induced skin cancers. As in the previous example, solar radiation is critical in the
formation of skin cancers in such patients, but so great is the risk due to the genetic disposition that such a cancer
is almost impossible to avoid, however well the person’s job is designed to provide protection from sunlight. Where
genetic factors produce a large increase in risk, cancer could be regarded as almost inevitable regardless of the work
history. It is likely that attention will be required in the future on whether and how PC will need to be adjusted
for such factors.13

What if the exposure is found not to be causal?

The question is often asked: why did the cancer occur in this person at this time. When it is concluded that the
exposure was not causal, many people find it difficult to accept the absence of any obvious cause. However, an
explanation is lacking for most individual cancers, excluding tobacco-related cancers. Knowledge of causation for
most tumour types is fragmentary, with many cancers still being categorised as “spontaneous”. An argument that
a particular exposure caused an individual cancer cannot be sustained simply on the basis that no other cause can
be found. 

Conclusion

Assessment of causation in particular cancers can be summarised in the following steps.

• Determine whether it is possible that the agent (or process or occupation) could be a contributory factor in the
cancer. This is decided on the basis of what the agent is, whether there was uptake by inhalation, ingestion or
by other means, the timing of exposure in relation to cancer diagnosis and the cancer site and histological type.

• Assess the total exposure.

• Consult the relevant scientific data to determine whether the exposure exceeds the level found to cause a
doubling of the risk of the cancer.
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ASBESTOS-RELATED CANCERS

Asbestos exposure is the commonest cause of fatal work-related cancer, and is likely to continue to be so for some
decades. The epidemiology of asbestos-related cancer has been studied intensively and only a summary of the main
issues is presented here. 

Is asbestos carcinogenic to humans?

The association between asbestos and human cancer is established beyond any reasonable doubt.

Which cancers are associated with asbestos exposure?

The cancers associated with asbestos exposure are lung cancer and mesothelioma, the latter usually affecting the
mesothelium of the parietal (ie outer layer of ) pleura but occasionally affecting other sites of mesothelium such as
the peritoneum.

Some epidemiological evidence suggests that asbestos exposure can cause colonic cancer, although a review of 30
cohort studies up to 1993 found that there was not a consistent elevation of relative risk.1 A recent study has
suggested up to a 4-fold increase in risk in highly exposed workers, although the authors concluded that
confirmation is needed from other studies before it can be accepted that there is an excess risk of colonic cancer
from asbestos exposure.2 Laryngeal cancer has also been identified as being possibly caused by asbestos in some
cases but the supporting evidence is not strong.3

What is the route of exposure?

In nearly all cases the likely route of asbestos exposure is inhalation. Occasionally the question of ingested asbestos
may arise, since some water supplies are reticulated in asbestos-cement pipes. Some ingestion could also occur
following inhalation. Conclusive evidence of carcinogenicity of ingested asbestos is lacking.4-6 

Assessment of probability of causation: lung cancer

The evaluation is dependent on whether the subject has asbestosis.

If asbestosis is present, the assessment of probability of causation can be relatively simple, since the association
between asbestosis and lung cancer is strong and unequivocal. If a diagnosis of asbestosis is established no
quantitative estimate of exposure is required: epidemiological evidence shows that if asbestosis is present the
relative risk (RR) of lung cancer from asbestos exposure is well above 2, so that the probability of causation (PC)
can be confidently assessed as above 50% whenever asbestosis is present.7,8 Furthermore this judgement can be
made irrespective of smoking history.

The diagnosis of asbestosis is usually made by detection of lung opacities on radiological examination. Other
conditions can give a similar appearance, so that diagnosis should be corroborated by a clear history of asbestos
exposure. Further corroboration may be obtained if pleural plaques are present. Plaques are not always asbestos-
related and the diagnosis is a matter of clinical judgement supported by skilled radiological services. 

Even so, plain x-rays of the chest have been found to miss 20% of cases of asbestosis confirmed histologically.9

Therefore if there is a history of occupational asbestos exposure, high-resolution CT scanning should be
undertaken before excluding a diagnosis of asbestosis. If a biopsy or surgical specimen has been obtained, sections
of lung should be examined for the presence of asbestosis: the presence of any asbestos bodies at all, together with
diffuse interstitial fibrosis, should be regarded as diagnostic.10

If asbestosis is not present, the decision on whether the cancer is caused by asbestos is a matter of continuing
scientific debate. There is strong controversy as to whether the fibrotic changes of asbestosis are a necessary
pathway from asbestos exposure to lung cancer. In theory, there is no reason to presume that fibrosis is a necessary
precursor to malignant change following asbestos exposure. After all, pleural mesothelioma more often than not
occurs in the absence of pleural fibrosis. However, consensus is lacking on the question of whether the risk of lung
cancer is increased from asbestos exposure in the absence of asbestosis.

Some evidence points toward an absence of excess lung cancers in the absence of asbestosis. The two studies cited
which have shown excess lung cancer risk have failed to show any excess in the absence of asbestosis.6,7 An autopsy
study of insulation workers found parenchymal fibrosis in every one of the 138 cases where there was a tissue
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specimen for histological study.8 A review of seven cohort studies in which there were no cases of asbestosis found
a significant lung cancer excess (RR = 1.37, 95% CI 1.02-1.81) in one cohort but overall there was no excess (RR
= 1.00, 95% CI 0.88-1.14).11 However some observers are unconvinced and have criticised these studies on the
grounds of bias or insufficient statistical power.12 

Other studies have been claimed to show that asbestos exposure per se can cause lung cancer in the absence of
asbestosis. Some population-based studies, in which asbestos fibre counts in lung tissue or radiological evidence of
pleural plaques have been used as markers of exposure, have found excess lung cancers after all cases with asbestosis
were excluded.13,14 These studies have in turn been criticised on the grounds of bias.15,16

Realistically, it is unlikely that consensus will be reached in the near future on whether asbestos exposure can cause
lung cancer in the absence of asbestosis.

If it is held that asbestosis is not a necessary precondition for asbestos-related cancer, the criterion for acceptance of a
claim should be whether the individual has received a doubling dose of asbestos; that is, whether the cumulative
exposure is sufficient to have caused an RR of lung cancer greater than 2. 

Cumulative asbestos exposure is expressed as the product of duration of exposure (in years) and the mean exposure
concentration (measured in fibre/mL over the period of exposure. Cumulative exposure is thus measured in
fibre/mL year.

It is therefore important to estimate the cumulative asbestos exposure. Exposure records should be examined if
available, or the likely exposure can be estimated, preferably by an experienced occupational hygienist. 

In the absence of asbestosis, and if asbestosis is held not to be a precondition for asbestos-related lung cancer
(either by statute or on the basis of evidence presented), the probability of causation is contingent on the following:

• Asbestos exposure history: The issue is whether the asbestos exposure exceeded the doubling dose, which will
depend on the type of asbestos exposure. For reasons given in Box 3, the estimates shown in Table 5 are
suggested. 

• Lung fibre count: An alternative method of assessing past exposure is from fibre burden. If the asbestos fibre
burden in a surgical or biopsy specimen of lung is available, a level of 5 million fibres/g of dry lung, detected
by scanning electron microscopy, is approximately equivalent to a doubling dose in a subject without
asbestosis.13 

• Time since exposure: It is widely assumed that excess risk of lung cancer will not occur within 10 years of
initial exposure to asbestos. In fact little attention has been paid to the minimum latency period for asbestos-
related lung cancer. In one of the pioneering studies of asbestos-related lung cancers, Selikoff observed no lung
cancer deaths within 10 years of first exposure, although an excess risk appeared immediately beyond 10
years.17 In their 1985 review of the health effects of asbestos, Doll and Peto stated that while such cases do not
generally occur within 10 years of exposure, some cases may appear as soon as five to nine years from initial
exposure.18 Therefore attribution to asbestos of lung cancer should not be ruled out solely on the grounds that
it occurred within 10 years of initial exposure.* 

• Smoking history: Most studies on the interrelationship between asbestos and smoking have concluded that
the relationship is multiplicative, that is, the relative risk from asbestos exposure is the same irrespective of
smoking history. As shown in the example given in the previous chapter (page 39), it follows that the effect of
smoking is the same irrespective of asbestos exposure. It is unlikely that this relationship is so simple, in view
of the dose-related effects of both smoking and asbestos exposure. Indeed a recent review has concluded that
the relative risk of asbestos exposure is about twice as high in non-smokers as in smokers.20 However, taking
such factors into account would require a degree of mathematical modelling which available data would not
justify for compensation purposes. Accordingly it is recommended that the RR be determined on the basis of
fibre exposure as in Table 5, except that in borderline cases, where the estimated cumulative asbestos exposure
is close to the doubling dose, variation with smoking could be taken into account.  In such cases, for those
who have never smoked the doubling dose of asbestos would be less than that shown in Table 5, so that for a
given exposure the corresponding RR will be higher.  Conversely for heavy smokers the doubling dose would
be higher than in Table 5 and for a given exposure the corresponding RR will be lower.
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Table 5. Recommended estimates of risk and doubling dose according to type of asbestos exposure

Fibre type % increase in RR per Doubling dose in 
(fibre/mL).year (fibre/mL).years

Amphibole asbestos 4.8 21
(includes crocidolite and amosite)

Mixed fibres 4.8 21

Chrysotile mining 0.06 1667

Pure chrysotile other than mining 2.3 43

Assessment of probability of causation: mesothelioma

Assessment of mesotheliomas is usually simpler because, unlike lung cancer, nearly all cases are asbestos related.

As with lung cancer, the risk increases with exposure. Unlike lung cancer, however, there is no need to consider
whether asbestosis is present, since mesothelioma has been reported at exposures well below levels likely to cause
asbestosis, and in most cases asbestosis is not present. 

Risk of mesothelioma is related to exposure, and most mesotheliomas in the past have been concentrated in
industries with high exposure, such as shipbuilding, railways, insulation, asbestos mining and textile
production.21,22 These heaviest exposures were brought under control several decades ago, so that the proportion
of mesothelioma cases from these industries is declining. 

An increasing number of cases are now coming from industries such as construction, where exposures were less
intense but were brought under control at a later time than the heavy users of asbestos. Although the risk to
individuals is lower, the number of people exposed is much greater.23 Therefore in these industries with a history
of asbestos exposure, mesothelioma can be confidently attributed to the exposure even if exposure has been light
or transient.

Box 3. What is the doubling dose of asbestos?

The risk of lung cancer increases with increasing asbestos exposure. A number of studies have allowed
the plotting of risk against exposure, so that a level of exposure at which the RR is equal to 2, can be
calculated. This level of exposure is called the doubling dose (see Chapter 4).

A report from the UK Health and Safety Executive (HSE) has reviewed the risk estimates for asbestos-
related lung cancer.19 For pure amphibole exposure (eg crocidolite and amosite) the additional risk per
fibre/mL.yr has been estimated at 4.8%, giving a doubling dose of 21 fibre/mL.yr. 

For other exposures the risk estimate has proved difficult to summarise. This is largely due to a
particular study of chrysotile exposure in Carolina which showed a much higher level of risk than all
other chrysotile studies. Whereas all other studies show a summary additional risk of only 0.06% 
per fibre/mL.yr, the Carolina study shows a risk similar to that of amphibole asbestos. It is possible that
the higher risk estimate in the Carolina cohort may be due to the presence of some amphiboles, that
is an exposure to mixed fibres. The Carolina estimates are even higher than other cohorts exposed to
mixed fibres. 

The mixed fibre cohort studies themselves also show a wide range of risk estimates (from 0 to as high
as 6.2% per fibre/mL.yr). 

The multiple anomalies may be related to uncertainties in the exposure estimates in these cohort
studies. In earlier decades asbestos exposure was measured not in fibre counts but in particle counts,
and the conversion scale of particles to fibres is itself an uncertain procedure. A further anomaly may
lie in the possibility that matters other than total asbestos exposure, such as rate of exposure, may
affect risk. For example a heavy exposure over a short period may confer a greater risk than the same
total exposure over a longer time period. 

These uncertainties make the estimation of doubling dose for compensation purposes very difficult.
Since there is evidence that mixed fibre exposure can confer a risk similar to that of pure amphiboles,
it is therefore reasonable that the doubling dose be taken as the same as for pure amphiboles, that is
21 fibre/mL.yr, unless it is certain that the exposure was to pure chrysotile. The HSE report summarises
the risk from chrysotile as 0.06% per fibre/mL.yr for chrysotile mining (doubling dose 1667 fibre/mL.yr)
and 2.3% per fibre/mL.yr for chrysotile other than mining (doubling dose 43 fibre/mL.yr).

These issues are important if the jurisdiction concludes that the presence of asbestosis is not an
essential condition for asbestos-caused lung cancer, a question that is not settled at present.
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Where no occupational exposure history of asbestos use is found, the exposure may have been residential or para-
occupational. In some cases mining town residents who were not employed in the industry have been exposed
from asbestos miners or other users bringing asbestos home on their clothing, or from residential renovations
involving asbestos products.

One area of difficulty is with individuals who have had no known exposure but who have worked in a building
where asbestos insulation has been sprayed. Exposure studies in public buildings have shown that exposures in
office buildings and schools with asbestos-containing materials are no different from those where asbestos-
containing materials are not present, because asbestos fibres do not spontaneously become airborne.24 Occupants
of these buildings may therefore be expected to have no greater risk of mesothelioma than people in an asbestos-
free environment. The evidence that this is so would be found from a relative lack of mesotheliomas in women,
who make up a high proportion of office-building occupants. In fact the low and almost static incidence of
mesotheliomas in women has led to the view that background levels of asbestos are unlikely to cause
mesothelioma.25 However since the early 1990s the rate of mesotheliomas in women has risen from its previous
level of 4 to 11 per million person-years.26 This rise has only been observed in Australia and may be the result of
high use of crocidolite, which is the most potent of asbestos species in causation of mesothelioma. The implication
is that mesothelioma can arise from asbestos levels close to background levels (ie the low levels in the general
environment to which all urban dwellers are exposed).

An Australian study of asbestos fibre counts in the lungs of mesothelioma cases and controls has found that the
risk of mesothelioma does not increase until levels of amphibole fibres <10 microns (µ) in length exceed 3 million
fibres/g of dried lung. On the other hand when the analysis was restricted to fibres >10 µ in length the risk
increased at much lower fibre concentration, that is 250,000 fibres/g.27 A possible explanation is that extremely
low level amphibole exposure can cause mesothelioma in individuals whose lungs are unable to clear long
amphibole fibres. In practical terms this means that mesothelioma cases, whose only possible asbestos exposure
could have been as occupants of buildings containing asbestos, may have had such a susceptibility to
mesothelioma, in which case their exposure may have been quite minor. It is therefore important to probe for a
history of even minor transient exposure, such as being in a building during maintenance or asbestos removal.*

There is no need to consider smoking history as smoking has no role in causing mesothelioma.

The latency period from first exposure is long - up to 40 years or even more being quite common. Mesothelioma
is unlikely to be related to asbestos if it is diagnosed within 10 years of initial exposure.

If a person has had more than one source of exposure, allocation of causation may be helped by consideration of
the latency period. One review of the epidemiological literature29 has estimated that the probability of occurrence
of mesothelioma (p) is estimated from the function:

p = k.c.t3.5

where k is a constant

c is cumulative asbestos exposure

t = years since initial exposure.

This equation can be applied to estimate the relative probability of causation of exposures at different times of the
person’s working life. (Of course there is a probability that the tumour is a result of cumulative exposure from more
than one source, in which case allocation of liability is moot.)

Another consideration in allocation of liability is the species of asbestos. The risk of mesothelioma from chrysotile
is estimated to be 1/50th of comparable exposure to crocidolite.16 This consideration may be important where a
person with mesothelioma has been exposed to different asbestos types in different jobs.

A recent review stated that chrysotile does not cause peritoneal mesothelioma.30 However an Australian study
based on analysis of lung tissue found two cases of peritoneal mesothelioma where only chrysotile was found in
the lungs.31

* There is some evidence to suggest that other co-factors (including genetic factors) can increase the likelihood of mesothelioma in certain
individuals. This may explain the fact that only a fraction of those with asbestos exposure develop mesothelioma, and that mesothelioma occurs
in some individuals with minimal asbestos exposure.28 This does not mean that asbestos exposure, however small, is not a necessary causal
factor in a particular case. In compensatio jurisdictions, the possibility of other co-factors does not diminish liability from asbestos exposure.



39

Prevention of asbestos-related cancer

The recent observation of a steep increase in the incidence of mesothelioma in Australian women highlights the
risk of mesothelioma in the absence of known exposure, suggesting that very low exposures, comparable to
environmental (“background”) levels can cause the disease. Great caution is therefore still required to avoid
exposure to any airborne asbestos.

Such exposures are possible from asbestos removal operations, particularly removal of sprayed asbestos insulation
in buildings. Although such operations are usually undertaken under strictly controlled conditions, achieving zero
exposure to removal workers or bystanders may be an unrealistic expectation. Consideration should be given to
alternatives to removal, such as sealing or encapsulation, which are much less likely than removal operations to
cause asbestos to become airborne. Some Australian jurisdictions favour removal as the control method of choice.
A more appropriate regulation might simply be to require a risk assessment to determine which method of control
will cause the least harm to the fewest people.

The New Zealand Guidelines for the Removal and Management of Asbestos include a useful table which notes
when each of the control methods (removal, sealing or encapsulation, enclosure, deferral) is or is not appropriate.

Another residual concern is the continuing use of asbestos-containing materials: brake linings, clutch linings,
gaskets and non-sag adhesive putties used in the building industry. Although importation of these items is
scheduled to cease, their use is likely to continue for some time. These items contain chrysotile asbestos, which
carries a comparatively low risk of mesothelioma. Nevertheless where they are being installed or replaced protective
measures should be observed as set out in Chapter 2. Australian governments have agreed to enact a prohibition
on the use of asbestos, to take effect by the end of 2003.
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CANCER CLUSTERS IN THE WORKPLACE

An issue for occupational medicine is the occurrence of clusters of cases of cancer in the workplace or in the nearby
community. A prominent example of recent years has been the cluster of cases of leukaemia in Port Kembla near
the BHP plant.1

Clusters of disease may arouse considerable concern in the workplace and even industrial disputation or media
investigation. For occupational physicians they seem to hold out the promise of interesting investigations and new
knowledge about some exposure. But cluster investigations are usually beset with difficulties. 

The nature of clusters

In some ways clusters are quite like epidemics but there are some important differences. Last2 has defined a cluster
as “(an) aggregation of relatively uncommon events or diseases in space and/or time in amounts that are believed
or perceived to be greater than could be expected by chance”.

Although similar, clusters are not the same as epidemics. Usually, epidemics are of diseases where the natural
history and pathogenesis of the condition is well known - often (although not always) infectious disease with a
short time course. The epidemic is almost always identified by clinicians or routine surveillance and there is little
doubt that the number of cases is excessive. Clusters on the other hand are usually of non-infectious diseases, such
as cancer or birth defects, or perhaps of lung disease or renal failure. For these conditions, the pathogenesis may
not be clear. Rather than being found by doctors, clusters are commonly identified by cases or their colleagues. In
such situations it is not easy to confirm that the particular excess of cases is real. As well as identifying the cluster,
the community or workgroup often identifies what they think is the cause, perhaps some chemical or exotic
exposure.

The possible situation in a workplace is the occurrence of a number of cases of cancer. The cancers may be of a
particular type (eg bladder cancer) or may be a range of different ones. For many people the term cluster is reserved
for cancers of a single type because such cancers are more likely to have a single cause. The community or
workforce may not recognise that cancer is a common disease, affecting more than one third of people at least once
in their lifetime and causing nearly 25% of deaths. Nevertheless a collection of different cancers should not be
dismissed out of hand. 

Clusters can occur by chance

Random distribution of disease throughout the population is quite compatible with clustering. Therefore the
appearance of a cluster of diseases in a workplace at a particular time does not necessarily mean that it results from
a workplace exposure. In fact it is quite common for investigators to calculate a low “p-value”, that is, a low
probability that such a cluster could occur by chance. Interpretation of a p-value depends on whether there was a
prior hypothesis. With a prior hypothesis it may be appropriate to accept a p-value of <0.05 as significant. Without
a hypothesis such a p-value is less likely to reflect a meaningful variation.

Considerations such as this have led some authorities to state that there is nothing to be gained by investigating a
cluster and that any such investigations rarely lead to new knowledge.3-7 It is true that investigation of a cluster
will never enable chance to be excluded, only independent studies on different populations can do that. 

Box 4. A cluster report

You are the occupational physician for a medium sized foundry. The human resources manager reports
that a fitter who works in the mould area has just been diagnosed with leukaemia. The HR manager
goes on to tell you that the union is concerned that one other person in the mould area has cancer and
two people who have retired from the area in the last two years have cancer. You agree to look into the
matter. It is found that the second person mentioned is being investigated for possible bladder cancer. 

The two reports on retirees are difficult to confirm (you cannot just phone the person and ask) but it
appears likely that of the two, one has lung cancer and the other cannot be confirmed. There is no more
than one case of any individual cancer type. It is likely that the different cancers have different causes. 
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There are, however, good reasons to investigate clusters:

• Investigations can determine whether there is an excess of a particular cancer compared with the expected
number.

• They can examine whether the excess is associated with any known carcinogenic agent present in the
workplace. If there is no identifiable cause, the distribution of cases by location, time and job description can
be examined.

• This may lead to formulation of a hypothesis which can be tested in future studies.

There is a further reason to investigate clusters - concern in the workforce and the community.

Expectations of the community

Clusters arouse people’s concerns. Unexplained collections of cases of cancer or other potentially serious disease
upset people because they may be worried that they or their family could be hapless victims of an insidious
exposure in the local environment or workplace. It is this concern that may bring the presence of the cluster to the
attention of health workers but it may also hamper any investigation.

Sandman8 has called the sociocultural or emotional component involved in risk assessment issues “outrage” and
he has described many of the features of it. This concept of “outrage” applies equally well to clusters and the
community response. 

Clusters need to be investigated, and not only to gain new knowledge. The social and political reasons to
investigate clusters should not be ignored.9,10 Communities are understandably concerned about clusters and need
some explanation. An off-hand dismissal of a cluster and a decision not to investigate it tends to fuel anxiety,
industrial action, media debates and government inquiries. 

Box 5. Is a finding due to chance?

Compare two scenarios:

An investigation is being made of whether exposure to benz[a]pyrene in the aluminium industry causes
bladder cancer. A case-control study comparing benz[a]pyrene exposure in 85 bladder cases with
exposure in 255 controls showed an odds ratio of 2.70, indicating an association between
benzo[a]pyrene exposure and bladder cancer. The p-value was <0.05, indicating that the probability of
such a finding occurring by chance was less than 1 in 20. 

In the second scenario, the statisticians in the Cancer Registry do a study of cancer rates in people
whose occupational histories suggest past exposure to benz[a]pyrene. The study is a surveillance
exercise, with no hypothesis on whether benz[a]pyrene causes any particular type of cancer. Of 25
cancer types studied, only one, brain cancer, occurs at a rate higher than expected with a p-value 
< 0.05. While this may, like the first case, indicate that the probability of such a finding occurring by
chance was less than 1 in 20, in fact a chance occurrence is quite likely. Since 25 cancers are studied,
it is to be expected that at least one cancer type will occur in excess, with p<0.05, by chance alone.
The more tests we do the greater the chance that at least one of them is positive even if no specific
cause is operating. 

There is an important difference in interpretation of these two findings. In the first case, provided that
the study was free of bias, there is an inference that benz[a]pyrene exposure causes bladder cancer. In
the second example, because of the simultaneous estimation of several cancer associations at once,
in the absence of a hypothesis, no such inference may be made without supporting evidence. 

Now consider a third scenario. 

An observant company physician notes that three cases of chronic lymphatic leukaemia have occurred
in a single workplace in the last five years. After comparing the cancer rate with that of the general
population over the same period (adjusting for age differences), it is found that the rate in the workforce
is three times higher than expected, with a p-value <0.05. Clusters of excess cancers occur in
particular places and particular windows of time by chance. This situation here is in fact similar to the
second case. The occupational physician (or the workforce) did not start out with the idea that there
was excess leukaemia in the workforce. Rather they can be said to have tested every known cancer
for excesses. This of course is a very long list and some of them will have an increased rate of
occurrence by chance alone. Even though the cluster happened to be noticed by a company physician
and had a low p-value, no causal inference can be made. However, certain lines of investigation can
and should be followed.
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A suggested approach

A number of authors have suggested ways to investigate clusters.11,12,13 The following represents a practical
approach in the workplace.

General aspects

Be receptive to the existence of a cluster.

There are no grounds for disregarding clusters. 

It is important to remember that many carcinogens have been identified because of an alert observer detecting a
cluster. There are some classic papers such as Creech and Johnson’s initial report of a cluster of cases of
angiosarcoma of the liver in men who had worked with vinyl chloride.14 Had these been disregarded the
identification of some carcinogenic substances would have been delayed and more lives lost.

The nature of clusters is that their cause may not be immediately obvious. Occupational physicians who become
aware of a cluster of diseases in the workplace should not dismiss it initially. It may be simply a chance finding
and no cause for concern, but dismissing a cluster out of hand is likely to be poor industrial relations and possibly
negligence. This is also true if it is immediately clear that the reported “cluster” consists of a number of different
types of cancer or even other unrelated diseases. The industrial relations results of not doing some investigation
can be very grave.

Be open and involve the interested parties in the workplace. 

If investigating a cluster is not likely to find new knowledge, then a major objective would be to allay community
and workplace concern. Openness is the key to this. Any form of investigation that even looks clandestine will be
counter-productive. Management and workers should be involved in the investigation from the outset. This could
be through an existing structure such as a occupational health and safety committee or a special committee
convened to deal with the cluster. This is often a good idea if the investigation proceeds to a formal study and
involves many outside people.

Communicate the results. 

Part of being open and involving people is good communication of the results and progress of the investigation.
All the interested parties should get an opportunity to be given all the results and an explanation of what they
mean. Often people assume that complex scientific details and figures will confuse or scare workers. This is a
mistake and rather patronising. When results are presented in a logical format and people given a chance to ask
questions which are in turn answered frankly, most people can understand quite complex concepts if they feel they
need to. People are usually more worried if they believe that they are not being given all the facts than whatever
the facts are.

Specific steps

Decide whether to investigate.

Our first response sets the tone for the whole investigation. Respond with a mind open to the possibility of
clustering. Discuss the issues with the parties concerned and make a joint decision on whether to proceed with an
investigation. Some factors that might prompt further investigation would be an uncommon cancer, a number of
cases or a plausible exposure.

Box 6. Even a cluster of small size needs to be taken seriously

Cluster investigations in very small organisations are rarely satisfactory because of the small numbers
involved even though two or three cases can appear so spectacular. Both management and the
workforce will be concerned about any apparent cancer cluster, and the initial response should be to
discuss the situation with both management and unions and decide what to do. Cancer is a common
disease and its incidence is age-related so retirees might be getting to the higher risk age groups. 
It may well be that occurrence of a number of cancers is purely a coincidence but we should not 
jump to this conclusion. The occupational health and safety committee would be a good venue for
initial discussion.
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Confirm the diagnosis of the initial cases.

The obvious starting point in any investigation is the index cases - the cases that have drawn attention to the
cluster in the first place. Identify these cases and confirm the diagnosis. Without this no further serious
investigation is possible. If all the cases have the same diagnosis we can easily proceed to the next step. If there are
many different diagnoses then, as discussed above, the likelihood of a single cause is low. Of course, it is quite
possible that any one of the cases may be work related, and if a particular chemical exposure is suspected each case
should be evaluated for any association with work (as in Chapter 4).

Exercise great caution in approaching individual workers who are reported to have cancer. The information may not
be correct or the worker may not have been told of or come to terms with the diagnosis. However, if it is clear that
the worker is aware and able to discuss the matter, obtain consent to confirm the diagnosis with the attending
physicians and the pathologist. This should confirm if the current employees do have a particular cancer. Finding
employees who have left can be difficult even in the context of a formal epidemiological study. The employee
“grapevine” may help but it may not be possible to get good information. This can be a problem also when finding
other cases. It is unlikely (although possible) that there are other current employees with cancer that are not known.

Establish whether there is a suspected cause.

Occasionally an acknowledged cause may be identifiable for a cancer cluster in a workplace. If a known carcinogen
is in use, then each individual cancer case should be evaluated for possible association with that exposure, as
described in Chapter 4. 

In most cases no cause will be obvious, in which case it is a matter of deciding whether the cluster is likely to be
a chance occurrence or whether there is a causal factor, and in particular a work-related causal factor, responsible.
If no carcinogen is in use but the number of cancer cases observed seems extreme relative to the number expected,
a thorough search should be made of the workplace by an experienced occupational hygienist for possible
exposures. The occurrence of cases of cancer of various types is most unlikely to be caused by a single specific
chemical exposure as specific carcinogens usually have specific target organs. 

Identify all cases in current and former employees.

These days, the existence of accurate cancer registries and sophisticated computer matching techniques makes
identifying all cases relatively easy. Search the Cancer Registry to identify all current and past employees (going
back as far as possible) who have a registered cancer over a defined time period. This requires compiling a list of
all employees over a defined time period, including those who have resigned or died. The time period should not
just be for the period over which the cluster of cancers has been observed. Extending the time period backwards
may enable the existence of a cluster to be disproven. If, say, a cluster of three cancers of a particular type occurred
in the period 2001 to 2003, this may appear excessive. But if it is then found that no cases occurred in the period
1990-2000, the cancer rate (cumulative incidence rate) over the whole period will be seen to be unremarkable.

Submit the complete list of present and past employees, back to the agreed starting date, to the Cancer Registry
of the relevant State. It is also possible to search the combined cancer registries of all states and territories in the
National Cancer Statistics Clearing House, maintained by the Australian Institute of Health and Welfare (AIHW).
Data are similarly accessible in New Zealand. This will enable identification of cancers in people who have moved
interstate after leaving the workplace. 

When all the cases of cancer have been identified, describe them in terms of demography and occupational history
including occupational hygiene assessment. This may reveal common patterns such as a particular workplace,
common job type or common exposures. Examine the time relationships to see that exposure has preceded the
condition and sufficient time has elapsed from exposure to illness.

Identify whether there is an excess of cancers.

One way to identify whether there is an excess of cancers is to calculate the rate of cancer occurrence in the
workforce and compare it to the number expected based on the general population. The cancer rate is the number
of cancer cases identified in the previous section divided by the number of person-years at risk, computed from
the list of past and present employees. The comparison with the general population should take into account the
age distribution of the workplace population. Commonly indirect age standardisation is used to compute a
standardised incidence ratio (SIR), which is an estimate of the ratio of the number of cases of the particular cancer
in the workforce to the number expected in an unexposed population of the same size and age/sex distribution.15
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The validity of the SIR estimate may be enhanced if instead of the entire state population, the local community
where the workplace is located is used as a comparison. Cancer registries compile data for different regions within
each state. However, this may not be desirable in a small town (eg a mining town) if the workgroup makes up a
significant proportion of the population.

To enable this to be done the Human Resources section needs to provide the date of birth, date of hire and date
of termination of each employee over the study period. The list of employees also needs to be submitted to the
National Death Index (NDI) to identify any ex-employees who have died. The NDI is also maintained by the
AIHW. 

These estimates have a number of ethical considerations, particularly confidentiality. Moreover they require the
assistance of an epidemiologist. It may therefore be expedient for the calculations to be carried out by Cancer
Registry personnel.

In some situations it may be possible to identify all the cancers but sufficient information to allow calculation of
an SIR may be lacking. In such cases a proportional incidence ratio can be measured.15 This involves calculating
the proportion of cases of the cancer of interest to all cancers in this workforce, and comparing it with the
proportion in the general population.

Establish whether the excess is work related.

Although we cannot prove the association of an excess with work, we can investigate possibilities. A useful method
is an internal case-control study. 

The simplest study would be to match each case of the cancer of interest with a number of controls, that is
employees or ex-employees without that cancer (up to five controls per case), and to compare the duration of
employment in cases and controls. A work-related cause would be suggested if cases overall had had longer
employment periods than controls.

It is important to examine the timing of the cancer diagnosis in relation to employment. Cancers occurring within
five years of hire are unlikely to be related to any exposure at that workplace. The data should be examined to
determine whether the cancer rate varies according to the number of years since hire. 

Assess obvious exposure control.

Perhaps the most important aspect of investigating a cluster is obvious exposure control. Possible exposure in the
workplace should be assessed in an attempt to explain the cluster. Look for known causes of cancer in the workplace.

If exposures to a known carcinogen are found they should be promptly controlled (as described in Chapter 2),
even if they do not seem likely to have caused the illnesses in the cluster. Do not underestimate the industrial
relations value of a thorough assessment of the workplace in the context of concern over a perceived cluster.

Investigate for previously unknown causes.

Even if there is no known carcinogen present in the workplace, investigations should be made for a previously
unknown cause. If there is a suspected cause, such as a particular chemical in use or a particular process, a case-
control study could be undertaken, with comparison of cases and controls according to whether or not they had
been exposed to the agent or process.

Box 7. Is there an excess cancer rate?

Employees at a metal manufacturing plant become aware of 3 cases of laryngeal cancer that occurred
over a 3-year period from 1999 to 2001. 

A list is drawn up of all workers employed since 1960 and all names, with dates of birth, submitted to
the State Cancer Registry. The names are matched against all cancer registrations going back to the
commencement date of the registry, and 120 are identified with cancer, of whom 5 were laryngeal
cancers. Applying the Cancer Registry data incidence rates for the whole population to the group of
workers the expected number of cases in this population is calculated as 1.8. 

The Standardised Incidence Ratio (SIR) is therefore 5/1.8 = 2.8, that is the ratio is elevated.
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Document the investigation.

At this stage we may not be able to go further in this workplace. All the information found so far should be
explained in detail to the employees. The cluster then should be written up, perhaps as a letter to the editor of an
Occupational Health and Safety journal as a reference for people who observe similar clusters in the future.
Beyond that, further investigation can only be on a completely different study population.

Conduct a formal epidemiological study.

If the investigation suggests a possible carcinogenic exposure that has not been previously recognised, further
epidemiological investigation would involve a separate population. Although a more formal study of the same
population might find more cases and arrive at a more precise risk estimate, the statistical and interpretation
difficulties remain. Indeed, an epidemiological study may be invalid if it includes any of the cancer cases identified
in the original cluster. The only way to determine if a particular new exposure causes a particular cancer is to test
this hypothesis in a new population. A formal epidemiological study will require additional resources and expertise
which will often mean liaison with epidemiologists in a university department or public health unit. A decision
on undertaking further epidemiological studies will depend on several factors: the magnitude of the original cancer
excess, the findings of the internal case-control study, the plausibility of the excess being occupation-related, as well
as extrinsic factors such as the degree of employer and union support. The type of study undertaken will depend
on the condition and the availability of data. Cohort studies16 and case control studies17 have each been used to
investigate clusters.

What if the “cluster” consists of more than one type of cancer?

Although we may recognise the distinction between different sites and types of cancer are different, the
community rarely does so and lumps all cancer together. Thus in practice alleged clusters often include a variety
of different cancers. It is then important to explain that if the cases include more than one type of cancer, it is
doubtful that they are attributable to a single cause. However, some carcinogens, such as tobacco smoke, asbestos
and arsenic are known to cause cancer of different types and at different sites, so that it is possible that more than
one cancer type will require investigation. This will be a matter of judgement, and it is possibly better to be
inclusive initially. Attempt to confirm the diagnosis of all cancers in the alleged cluster, and then to make a decision
on which, if any, require investigation. 

One particular concern is whether different species of leukaemia can be included in the same cluster. Some
exposures have been associated with particular benzene types, for example benzene with acute myeloid leukaemia.
Some researchers nevertheless believe that the effect of benzene is not specific and that it can cause any type of
leukaemia.18,19 While this question is not settled, most haematologists consider the leukaemias to be different
diseases. If a cluster of leukaemia cases occurs, investigate it regardless of differences in leukaemia type. However,
the significance is much greater if they are all the same type. 

If a decision is made to investigate multiple types of cancer or all cancers combined, the total number of cancers that
have occurred in the workforce can be compared to the number expected based on the general population (obtained
from the State Cancer Registry or the AIHW). Indirect age standardisation can be used to compute an SIR. 

Outcome of cluster investigations

The fact that many cluster investigations do not lead to new associations between exposure and disease should not
daunt us. There are other benefits to a cluster investigation. People who are concerned about a possible threat to
their health deserve to have it addressed. The investigation may provide an impetus for assessing and improving
workplace conditions, facilitate better rapport between management and workforce, and help resolve concern by
both parties.

Conclusion

Clusters of cases of disease do occur in workplaces and may generate considerable concern. Rather than dismissing
them, occupational physicians should be actively involved in the management of workplace clusters. Systematic
investigation provides an important way of dealing with the concern surrounding a cluster, provides a focus for
the improvement of workplace conditions and just may lead to the recognition of new hazards.
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APPENDIX 1

How the IARC Classifies Evidence of Carcinogenicity

The orderly evaluation of available data is exemplified by procedures which the International Agency for Research
on Cancer (IARC - an arm of the World Health Organization) have developed. The agency publishes a series
entitled ‘IARC Monographs on the Evaluation of Carcinogenic Risks to Humans’ and the preamble of each
volume describes how carcinogenicity data are organised and evaluated. 

Evidence of carcinogenic activity is primarily established on the basis of studies on relevant human populations or
groups (epidemiological data) or chronic toxicological testing using animals (experimental data). In addition, a
range of other relevant evidence is considered, such as the reactivity of the chemical in validated in vitro tests for
mutagenicity, DNA damage and ability to cause malignant transformation, and the distribution, metabolism and
excretion of the chemical following human or animal exposure. 

A conclusion in relation to epidemiological evidence is most conveniently expressed by reference to IARC
terminology (shown in italics) as follows: 

Sufficient or definitive evidence of carcinogenicity is indicative that a causal relationship is established between
exposure to the chemical in question and development of cancer. Limited or equivocal evidence of carcinogenicity
is indicative of evidence consistent with causation, but chance, bias or confounding as contributing to the result
recorded cannot be excluded with reasonable confidence. Inadequate evidence refers to evidence which falls short
of demonstrating associations already described.

Definitive evidence that a chemical may cause cancer in humans must arise as a consequence of epidemiological
investigations. Nonetheless, an indication that a specific substance poses a carcinogenic hazard may be obtained
from experimental studies using animals, which are almost invariably rodents. 

Individual chemicals may be subject to one or more tests by chronic toxicity in experimental animals. Such
findings may provide clear or sufficient evidence of carcinogenicity which is indicated by an increased incidence of
tumours (relative to controls) consequent upon administration of the agent in question, particularly if more than
one such study has been reported and/or the yield of tumours is dose-related and/or tumours occur in more than
one species and/or the tumours produced are of a type that are particularly rare in the species used for test
purposes. The IARC has adopted the principle that a chemical exhibiting sufficient evidence of carcinogenicity in
experimental animals should be regarded as if it presents a carcinogenic hazard to humans. 

It is critical that certain standards must be met in testing chemicals for carcinogenic activity using experimental
animals. Minimal standards include proper specification of the species and strain of animals employed, the source
and composition of their diet, the source, purity and mode of administration of the test compound, the
allocation and appropriate treatment of controls, procedures for pathological assessment of organs and tissue
from control and test animals and adequate reporting and statistical analysis of any occurrence of tumours or
other pathological findings.

Evidence suggestive of carcinogenicity in experimental animals, but whose interpretation is complicated by
shortcomings in the relevant experimental design (including the availability of only one study) or the growth of
certain adenomas in mice, may be classified as equivocal or limited. Experimental findings which fall short of
those required to indicate limited evidence may be classified as inadequate evidence of carcinogenicity in
experimental animals.

Classification

When available epidemiological and experimental evidence has been evaluated (as sufficient, limited, etc)
classification of carcinogenicity is made in accordance with IARC criteria. Chemicals (or other exposures) shown
on available evidence to cause cancer in humans are categorised “Group 1 (causes cancer in humans) Carcinogens”.
This category includes agents immediately recognised as carcinogens such as cigarette smoke, radon daughters and
asbestos. Implicit in the discussion above is that Group 1 carcinogens exhibit sufficient epidemiological evidence
of carcinogenicity; evidence in experimental animals for most of these agents is also sufficient, although limited
evidence in experimental animals may be recorded for Group 1 Carcinogens.
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Chemicals categorised “Group 2A (probably causes cancer in humans) Carcinogens” are typically substances for
which there is limited epidemiological evidence, and sufficient experimental evidence. One consideration for many
industrial chemicals is that although increased risk of cancer may be demonstrated in the relevant occupationally
exposed workforce, this population may be exposed to multiple agents and attributing cancer causation to one
chemical in particular is difficult. Hence limited epidemiological evidence. Chemicals categorised Group 2A
include acrylamide and trichloroethylene. 

Chemicals categorised Group 2B (possibly causes cancer in humans) Carcinogens are typically substances for
which scant or no epidemiological data (inadequate evidence) are available, although carcinogenicity in
experimental animals may be clearly established. The consideration that such agents are deemed to present some
carcinogenic hazard to humans is implicit in the category Group 2B Carcinogens. Examples include DDT,
propylene oxide and vinyl acetate.

Chemicals unable to be categorised in the terms just summarised are allocated to either Group 3 (not classifiable
as to carcinogenicity for humans) or Group 4 (probably not carcinogenic to humans).

The classification system is summarised in Table A1.

Table A1. IARC classification (default) of agents on the basis of the strength of evidence of carcinogenicity
to humans and to experimental animals

Human data Sufficient Limited evidence Inadequate or 
evidence lack of data

Animal data Sufficient evidence 1 2A 2B

Limited evidence 1 2B 3

Inadequate or lack of data 1 2B 3

In a small number of cases the overall evaluations have been varied (in either direction) on the basis of mechanistic
data, that is, information on the mechanism of development of cancer. For example, a chemical might be classified
as Category 1 despite insufficient epidemiological evidence, on the basis of evidence of genotoxic carcinogenicity.
Conversely, a chemical could be classified as Category 2B despite sufficient experimental evidence, if the
mechanism is assessed as not occurring in humans. No fixed rules are established for this process and, where
evaluations are altered in the light of mechanistic data, this is specified in the evaluation.

As well as evaluating individual chemicals, an evaluation may be made of the carcinogenic hazard posed by a
particular occupation or work environment. Such data are often complementary to evaluation of the
carcinogenicity of specific substances. Thus the carcinogenic hazard posed by work as a painter or insecticide
applicator may be related to (but can be distinguished from) the carcinogenicity of particular paint solvents or
insecticides respectively. The criteria for evaluation of epidemiological data (sufficient, limited, etc.) are the same as
those outlined above in relation to single substances. With very rare exceptions, experimental data are not
immediately relevant to evaluation of the carcinogenic hazard associated with particular work environments. 

The schedule of substances categorised in Groups 1, 2A and 2B is set out on the IARC website at www.iarc.fr.

In the absence of an IARC evaluation, ancillary information, of the type just summarised, may be recorded in the
context of an evaluation of carcinogenicity.

In the light of all available data, specifically including epidemiological and experimental evidence of cancer causation,
a final evaluation of the carcinogenic hazard posed by a specific chemical may be made. Again, IARC procedures are
indicative of principles commonly adopted in this regard. The following summation of evidence and presentation of
examples is intended for illustrative purposes. Certain of the examples given, in terms of the relationship of strength
of evidence to final categorisation, are not the only scenarios which give rise to the category illustrated. In all cases,
referral to relevant IARC documentation is appropriate for comprehensive and definitive information.

IARC evaluations may be perceived as being primarily concerned with meeting the need for appropriate preventive
action in relation to carcinogens; such evaluations are not concerned primarily with attributing individual
instances of cancer. A principal consideration in this regard is that the evaluation system provides no specific
reference to “target” organ. That is, a chemical is usually categorised as presenting a carcinogenic hazard without
any immediate reference to a particular anatomical site or tumour type. 
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However, in some instances IARC working groups have specified a target organ in relation to sufficient or other
levels of evidence, as in the following examples:

• There is sufficient evidence in humans that tobacco smoke causes cancer of the lung, oral cavity, naso-, oro-
and hypopharynx, nasal cavity and paranasal sinuses, larynx, oesophagus, stomach, pancreas, liver, kidney
(body and pelvis), ureter, urinary bladder, uterine cervix and bone marrow (myeloid leukaemia).

• There is sufficient evidence in humans for the carcinogenicity of solar radiation. Solar radiation causes
cutaneous malignant melanoma and nonmelanocytic skin cancer.

• There is sufficient evidence for the carcinogenicity of Epstein-Barr virus in the causation of Burkitt lymphoma,
sinonasal angiocentric T-cell lymphoma, immunosuppression-related lymphoma, Hodgkin disease and
nasopharyngeal carcinoma.

• There is compelling but as yet limited evidence for a role of Kaposi sarcoma herpesvirus in the causation of
Kaposi sarcoma.

• There is limited evidence in humans for the carcinogenicity of extremely low-frequency magnetic fields in
relation to childhood leukaemia.

• There is inadequate evidence in humans for the carcinogenicity of extremely low-frequency magnetic fields in
relation to all other cancers.

• There is inadequate evidence in humans for the carcinogenicity of implanted prostheses made of silicone for
neoplasms other than female breast carcinoma.

• There is evidence suggesting lack of carcinogenicity of tobacco smoking in humans for cancers of the female
breast and endometrium.

As yet, the IARC Preamble does not provide for such statements. The statements, nonetheless, provide insight,
and reference to “target” organs in this context may become standard practice.

Virtually all known chemical carcinogens cause tumours of one type/one site or cause tumours at a limited number
of sites and of limited type. Accordingly, the outcome of any assessment of carcinogenicity must include reference
to the strength of evidence (as already described) and an indication of the tumour type(s) caused by the agent in
question. The latter information is generally implicit in the relevant epidemiological data. If only experimental
data are available, the site of possible tumorigenesis may be subject to speculation on the basis of the behaviour of
chemically related carcinogens and/or other biological data particularly including criteria determining absorption,
metabolism and excretion in experimental animals and, where possible, in humans.

On the basis of data summarised in this section, an evaluation of the carcinogenicity of particular substance(s)
and/or work in a particular context may be made. Confidence in any such evaluation(s) is greatly increased if
appropriate reference can be made to authoritative sources such as IARC. However, an IARC determination
should not necessarily be regarded as the ultimate authority on whether an agent is carcinogenic. IARC
classifications are made on the basis of scientific evidence available at the time. Quite often there is only limited
information. Moreover not all the information may come to the attention of the evaluating group: a particular
concern is publication bias, which leads to significant studies remaining unpublished. This can particularly apply
to negative studies, where the researcher may feel that the absence of any demonstrated association between an
exposure and cancer is not of sufficient interest to submit for publication. Alternatively, editors may believe that
such “negative studies” may be of no interest to their readership. Negative studies are particularly prone to rejection
because they lack statistical power; that is, the study population may be too small to ensure that a statistically
significant effect has not been detected (Type II statistical error.) Such criticisms cannot be made of studies of
comparable size where the findings are “positive”.
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APPENDIX 2. 

Identification of Chemicals as Carcinogens

Sources of information

The following sources provide information that helps determine whether a substance is carcinogenic:

• Schedule 2 of the NOHSC National Model Regulations for the Control of Scheduled Carcinogenic
Substances. [NOHSC: 1011 (1995)]. www.nohsc.gov.au/publications/

• Carcinogenic category listed against a chemical in the NOHSC Exposure Standards for Atmospheric
Contaminants in the Occupational Environment. [NOHSC: 3008 (1995)]
www.nohsc.gov.au/databases/exp/toc/expsearch.asp

• NOHSC Approved Criteria for Classifying Hazardous Substances. Appendix 1, Carcinogenic effect.
[NOHSC: 1008 (1999)] www.nohsc.gov.au/publications/fulltext/standards/ 

• International Agency for Research on Cancer (IARC) Monographs on the Evaluation of Carcinogenic Risks to
Humans. www.iarc.fr

• American Conference of Governmental Industrial Hygienists (ACGIH) list: Identification and classification of
carcinogens.

• National Institute of Environmental Health Sciences (US): ongoing program of carcinogen evaluation and
classification. ntp-server.niehs.nih.gov/NewHomeRoc/AboutRoC.html

• Labels and material safety data sheets (MSDS).
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Appendix 2a. NOHSC Schedule 1 and Schedule 2 Carcinogens

Schedule 1: Prohibited Carcinogenic Substances 

Substance name [Chemical Abstract Number]

2-Acetylaminofluorene [53-96-3]

Aflatoxins

4-Aminodiphenyl [92-67-1]

Amosite [12172-73-5] (brown asbestos) 

• except for removal and disposal purposes and situations where amosite occurs naturally and is not used for
any new application.

Benzidine [92-87-5] and its salts (including benzidine dihydrochloride [531-85-1])

bis(Chloromethyl) ether [542-88-1]

Chloromethyl methyl ether [107-30-2] (technical grade which contains bis(chloromethyl) ether)

Chrysotile [12001-29-5] (white asbestos) 

Crocidolite [12001-28-4] (blue asbestos)

• except for removal and disposal purposes and situations where crocidolite occurs naturally and is not used
for any new application.

4-Dimethylaminoazobenzene [60-11-7]

2-Naphthylamine [91-59-8] and its salts

4-Nitrodiphenyl [92-93-3].

Schedule 2: Notifiable Carcinogenic Substances

Substance Name [Chemical Abstract Number]

Acrylonitrile [107-13-1]

Benzene [71-43-2] 
• when used as a feedstock containing more than 50% of benzene by volume

Cyclophosphamide [50-18-0] (cytotoxic drug) 
• when used in preparation for therapeutic use in hospitals and oncological treatment facilities, and in 

manufacturing operations

3,3’-Dichlorobenzidine [91-94-1] and its salts (including  3,3’-Dichlorobenzidine dihydrochloride [612-83-9])

Diethyl sulfate [64-67-5]

Dimethyl sulfate [77-78-1]

Ethylene dibromide [106-93-4] 

• when used as a fumigant

4,4’-Methylene bis(2-chloroaniline) [101-14-4] - MOCA

2-Propiolactone [57-57-8]

o-Toluidine [95-53-4] and o-Toluidine hydrochloride [636-21-5]

Vinyl chloride monomer [75-01-4]
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Appendix 2b. Category A1 and A2 Carcinogens in New Zealand

Category A1: Confirmed Human Carcinogens

4-Aminodiphenyl

Benzidine

β-naphthylamine

4-Nitrodiphenyl

Arsenic and soluble compounds

Asbestos

Benzene

Beryllium and compounds

Bis(Chloromethyl) ether

Chromite ore processing

Chromium (VI) compounds (certain water insoluble)

Coal tar pitch volatiles as benzene solubles

Nickel sulphide roasting, fume and dust

Vinyl chloride

Zinc chromates

Category A2: Suspected Human Carcinogens

1,3-Butadiene

Antimony trioxide

Benzo(a)pyrene

Benzo(b)fluroanthrene

Cadmium and compounds

Calcium chromate

Carbon tetrachloride

Chloromethyl ether

Chrysene

Diazomethane

1,4-dichloro-2-butene

Dimethyl carbamoyl chloride

Ethylene oxide

Formaldehyde

Lead chromate

4,4-methylene bis(2-chloroaniline)

4,4-methylene dianiline

n-phenyl-β-naphthylamine

2-nitropropane

Strontium chromate

Sulphuric acid

Triethanolamine

Vinyl bromide

Vinyl fluoride
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APPENDIX 3. 

Occupational Health Related Professional Bodies
in Australia and New Zealand 

Toxicology

Australasian Society of Clinical and Experimental Pharmacologists and Toxicologists (ASCEPT)

Secretariat Office: 145 Macquarie Street, Sydney NSW 2000 Australia. 

Phone: +61 2 9256 5456. Fax: +61 2 9252 0294. Email: rguss@mail.usyd.edu.au; 

Webpage: ascept.facbacs.uq.edu.au/ASCEPT.html

Mutagenesis and Experimental Pathology Society of Australasia

Hon. Secretary, Jack Dempsey

PO Box 100, Woden ACT 2606 Australia

Phone: +61 2 6270 4357 (w); Fax: +61 2 6270 4353; Email: secretary@mepsa.org

Occupational Medicine

The Australasian Faculty of Occupational Medicine

145 Macquarie Street, Sydney, 2000.

Website: www.racp.edu.au/afom/

For New Zealand: 

c/o Surgeon Commander Alison Drewry

RNZ Naval Hospital, Devonport New Zealand

Australian and New Zealand Society of Occupational Medicine

PO Box 304, Collins Street West Melbourne Victoria 8007

For New Zealand

c/o Dr C Walls

Occupational Medicine Specialists Ltd

Private Bag 28911, Remuera Auckland New Zealand

Occupational Hygiene

Australian Institute of Occupational Hygienists

82 Carrick Drive, Tullamarine Victoria 3043

PO Box 1205, Tullamarine Victoria 3043

Phone: +61 3 9335 2577; Fax: +61 3 9335 3454; Email: aiohcc@ozemail.com.au 

New Zealand Occupational Hygiene Society Inc

PO Box 11-303, Ellerslie Auckland New Zealand
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