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In 1974, an issue of Newsweek entitled ‘What causes cancer?’
suggested that ‘At least 60 per cent, and as much as 90 per cent of
human cancer is caused by environmental factors, probably
chemicals’. This widely-accepted belief was a factor in
establishing the United States National Toxicology Program,
through which hundreds of chemicals were subjected to chronic
toxicity testing in rodents. The goal was to identify those otherwise
‘unknown’ carcinogens that accounted for a significant proportion
of human cancer.

This goal has not been realised. Rather, the intervening years
have witnessed the development of a clearer understanding of
what ‘environmental factors’ means. Such factors are now
recognised to include not only a number of specific chemicals
encountered in an occupational, medicinal or dietary context,
but also complex mixtures encountered in foodstuffs, tobacco
smoke, pollutants and workplace conditions. There is also a
range of carcinogenic factors that do not readily, if at all, qualify
as chemicals. These include ionising and non-ionising radiation,
certain infections, chronic inflammatory states, some
behaviours, reproductive status, and the competence of the
immune system. All of that said, the term ‘environmental
carcinogen’ is still often employed to categorise chemicals. It
is in this limited sense that the term is used as the focus of this
issue of the NSW Public Health Bulletin.

Implicit in the identification of any cancer-causing agent is the
possibility of developing interventions for cancer prevention.
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Prevention may be achieved by reducing or eliminating
exposure to the agent in question. The scope for cancer
preventive measures is broad, as illustrated through the
following examples:

• solar radiation causes skin cancer; prevention may be
achieved by avoiding intense sun exposure, taking
advantage of shade, wearing protective clothing, and
using sunscreens. A major challenge lies in facilitating
widespread adoption of preventive behaviour and
discouraging deliberate exposure (such as sunbaking);

• the brewing of beer may result in the formation of
dimethylnitrosamine, a compound that is proven to
be carcinogenic in a dozen animal species, including
the non-human primates. It is metabolised by the
human liver and by other tissues in humans. A marked
reduction in the amount of dimethylnitrosamine in
beer has been achieved by modifying brewing
conditions.

Within the spectrum of cancer preventive measures, a
recognised method of prevention is the adoption and
implementation of regulatory measures; an option that
often concerns (but is not restricted to) government
departments and statutory authorities.

It is the prevention of cancer caused by environmental
carcinogens that is addressed in the articles contained in
this issue. The first three articles describe options for
establishing that a hazard exists. Andrew Penman discusses
the development of strategies that respond to the
distribution of disease and which might lead to an
increased understanding of those diseases. The means of
identifying hazardous agents are considered by Bernard
Stewart, while John Beard and Kathy Jong describe the
means of emerging molecular epidemiological methods
to elucidate the effect of pesticides. Julie Billett decribes
how here in NSW recognised hazards are addressed
through regulatory action. In the articles that follow, two
recognised hazards are discussed in detail. Benzene causes
leukaemia and Julia Brotherton outlines control of
exposure to this solvent by action through NSW and
Commonwealth authorities. In their article, Elayne
Mitchell and John Sanders concern themselves with one
aspect of tobacco control, controlling exposure to tobacco
smoke in the environment, and describe the NSW Tobacco
Action Plan 2001–2004.

Determining which environmental carcinogens warrant
regulatory action is a challenge; however, it is certain
that, in specific contexts, cancer can be prevented through
regulatory means. 
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This article describes the need for a strategy for the control
of environmental carcinogens in Australia, which extends
from identifying causative agents through to the
implementation and confirmation of measures that improve
health outcomes.

It is well accepted that, with current knowledge, many
cancers are preventable by reference to a variety of risk
factors.1 Thus, smoking, over-nutrition, low intake of fruit
and vegetables, sunlight exposure, lack of exercise, alcohol
intake, and certain infections, all affect the burden of cancer
and represent categories of risk that are avoidable to some
extent. The challenges presented for control of these
factors are widely recognised, often in the context of the
so-called ‘healthy lifestyle’ and its outcome. However, in
respect of cancer specifically, there are instances of
individual disease, and some types of tumours generally,

ENVIRONMENTAL CARCINOGEN CONTROL IN AUSTRALIA: THE
NEED FOR A STRATEGY

which are not attributable to recognised causative agents
or risk factors. Information is also limited regarding
individual susceptibility, particularly in relation to genetic
makeup or hormonal influences. Systems of addressing
carcinogenic hazards rarely take account of these
considerations, and the systems themselves are subject to
marked variation. While the comprehensive regulatory
approach to tobacco has been noteworthy, the degree of
control for this substance may be perceived as lax by
comparison to some current procedures limiting exposure
to occupational asbestos, given that tobacco is one of the
few substances proven to be carcinogenic in humans
according to the International Agency for Research on
Cancer.2

The distribution of cancer readily establishes strategic
needs. Testicular cancer, non-Hodgkin’s lymphoma and
thyroid cancer (Figures 1 to 3) are common cancers, the
incidence of which has more than doubled over 30 years.3

Asbestos use, and the consequent epidemic of mesothe-

FIGURE 1

TESTICULAR CANCER, AGE-STANDARDISED
INCIDENCE, NSW, 1970–2000

Source: The Cancer Council NSW.3
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FIGURE 2

NON-HOGKIN’S LYMPHOMA, AGE-
STANDARDISED INCIDENCE, NSW, 1970–2000

Source: The Cancer Council NSW.3
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FIGURE 3

THYROID CANCER, AGE-STANDARDISED
INCIDENCE, NSW, 1970–2000

Source: The Cancer Council NSW.3

FIGURE 4

MESOTHELIOMA, AGE-STANDARDISED
INCIDENCE, NSW, 1970–2000

Source: The Cancer Council NSW.3
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lioma, is another example (Figure 4). Indeed, there has
been recent recognition that Australia has the highest rate
of mesothelioma in the world.4

The conclusion that environmental factors have variously
played a role in the increased incidence of these cancers
is unavoidable. Also unavoidable is the inference that the
science of quantitative carcinogenic risk assessment—
and the considerable controls in place throughout the
Western world that limit exposure to known hazards—
have failed to prevent or even to predict these changes.
These trends are not unique to Australia.

I venture to suggest that, if cancer were a communicable
disease, we would spare little expense in funding programs
of strategic research to find a cause; and that such a
program would be wide-ranging, mobilising the
considerable portfolio of scientific methods now
available. Instead, we rely on investigator-initiated
research that, in most cases, is only initiated after achieving
success through fiercely competitive grant funding.

Of course, equally incisive scientific insights may be
obtained from the study of positive trends in the incidence
of malignant disease. Stomach cancer rates have

plummeted in Australia and elsewhere, but despite clear
inferences about the reasons for this—among them, food
preservation techniques and Helicobacter Pylori
infection—other factors may still be revealed. These
observations are but a few of the inferences concerning
environmental carcinogenesis that can be drawn from
descriptive epidemiology. Appropriate follow-up might
illuminate our understanding of carcinogenesis and
contribute to the refinement, focus, and development of
those anticipatory controls that may be the responsibility
of multiple departments within the structures of
government.

Limiting or preventing exposure to environmental
carcinogens is the responsibility of multiple authorities.
Two decades of public sector reorganisation has seen the
principal responsibility for carcinogen control fall to
specific agencies  (such as the National Industrial Chemical
Notification and Assessment Scheme of the National
Occupational Health and Safety Commission, and the
National Registration Authority for Agricultural and
Veterinary Chemicals), and the regulation of exposure
settings assigned to environment and workplace portfolios
(such as the NSW Environment Protection Authority and
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WorkCover). While these changes have been for the better,
specialisation has its disadvantages in terms of the
development of clear, comprehensive strategies.

Currently the Commonwealth Department of Health and
Ageing has no core focus on environmental carcinogens.
NSW Health has a range of statutory and regulatory
responsibilities, particularly in relation to the containment
and to the control of environmental carcinogens. Yet there
may be additional ways in which health departments can
make a strategic contribution. The first of these, adequate
response to population distribution of tumour types, has
been considered. The second, the surveillance and
assessment of particular hazards, builds on the traditional
role of health departments in health surveillance, and may
extend to the systematic collection and analysis of tissue
specimens to demonstrate evidence of exposure.

Cancer is a preventable disease that kills prematurely,
with 270,000 years of life lost (to age 75) nationwide in
1995.5 Cancer tops the health concerns of Australians,6

and the results of cancer are tragic, costly, and long lasting.
There have been many proposals for a national cancer
act. Certainly, in relation to environmental carcinogens, a

means is needed to harness the resources of government
to address priorities and facilitate better surveillance and
impact assessment. A national cancer act would be part of
a national strategy for the control of environmental
carcinogens in Australia.
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There are two questions fundamental to the prevention of
cancer by limiting or preventing exposure to carcinogenic
agents: ‘Which agents present a hazard?’ and, if this is
answered in the positive, ‘Who, in consequence, is at risk?’
Both of these questions have been the subject of research,
in respect of particular substances and exposures, for more
than half a century. Answers to these questions have the
potential to reduce cancer-associated mortality and
morbidity; however, the means of finding answers remains
limited when considered against the background of
progress in other fields of health research. This article
describes which agents pose a carcinogenic hazard, who
is at risk, and the future prospects of research in and
development of carcinogen control.

WHICH AGENTS POSE A CARCINOGENIC
HAZARD?
When presented with the question ‘Which agents pose a
carcinogenic hazard?’ one assumes that the answer must
involve a list. However, the answer to the question is not
to be found in a list, and an understanding of why ‘lists’ of
chemical carcinogens are a problem is fundamental to
both the public health and the research aspects of
carcinogenesis.

The most authoritative assessments of carcinogenicity
data—the International Agency for Research on Cancer’s
(IARC) Monographs on the Evaluation of Carcinogenic
Risks to Humans—arose because in the early 1970s the
IARC was asked by governments from around the world
to list known carcinogens. It became apparent that
definitive biological criteria to generate such a list (both
in respect of determining compounds to be on or off the
list) were not available. Rather, the IARC initiated a
program to evaluate carcinogencity data for any given
agent, using a protocol that ensured that all relevant
findings were taken into account. While the Monograph
series has given rise to ‘lists’ these were secondary to the
individual evaluations and depend on the interpretation
(sometimes disputed in individual cases) of the individual
data sets.

The means of identifying carcinogens has not changed
markedly over the last fifty years. During this time,
understanding of the mechanism by which agents cause
malignant transformation has moved from reference to
tumours in particular animals to the structure and effect
of altered gene sequences.2 Operationally, knowledge has
only marginally altered the generalisation that evidence

RESEARCH AND DEVELOPMENT IN CARCINOGEN CONTROL

of carcinogenicity is drawn from appropriately designed
epidemiological studies and testing of chronic toxicity
in animals. Insight regarding a chemical of unknown
biological potential can be gained using ‘short term tests’
for carcinogenicity, most commonly based on mutations
of specifically-developed ultrasensitive strains of bacteria;
or otherwise involving mutation or transformation of
mammalian cells in culture.3 Tests are generally based on
simulating the metabolism of carcinogens so that reactive
intermediate products, capable of becoming bound to
DNA, are formed in the presence of sensitive bacteria or
other ‘indicator’ populations. While occupying a vital
niche, for example, in toxicological evaluation of new
drugs, short term test data are supplementary to
epidemiological and animal testing data with respect to
agents to which humans are already exposed. Finally, it
must be acknowledged that, for the majority of specific
chemicals, reliance is placed on animal studies, since the
occurrence of human exposure to the agent in question—
say, a specific pesticide—at high concentration and in
the absence of other compounds, is rare.

Despite these generalizations, which concern all
carcinogens, data for each compound must be considered
on its merits. In some instances the findings are clear: for
example, 1,3-butadiene, tris(2,3-dibromo-propyl)
phosphate and 2,4-diaminotoluene present a carcinogenic
hazard to humans and their use in children’s sleepware
and in hair dyes has been controlled; likewise sodium
fluoride is not carcinogenic and its addition to water
supplies is therefore appropriate.

Carcinogenicity data for other compounds, however, are
far from clear, and there are plenty of examples that
indicate that once relevant studies have been completed,
an understanding (and a basis for action) does not
necessarily follow. For example, exposure to
trichloroethylene is associated with an increased risk of
tumours at different sites, or with no increased risk,
depending on the occupational context studied;4

causation of lymphoma by chloro-phenoxy herbicides
may be inferred from agricultural and forestry work
findings, but studies based on exposure to these
compounds have generally failed to confirm this
hypothesis, and dioxin (2,3,7,8-tetrachlorodi-
benzodioxin) appears to increase risk of cancer generally
without being characterised as causing a particular tumour
type. In all instances, the corresponding experimental data
do not clarify the picture.

Apart from short-term tests, research has not contributed
greatly to the assessment of putative carcinogenic hazards.
Regarding electromagnetic fields, research data are
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unhelpful.5 In this context, as in the testing of chemicals,
it was supposed that artificially transferring genetic
material from one animal species to another might provide
an improved vehicle for chronic testing, but this hope has
yet to be realised. And, for the purpose of elucidating
specific mechanisms that account for increased risk of
cancer in people occupationally exposed to complex
mixtures of agents, novel effective methodologies have
not emerged.

WHO IS AT RISK?
Regarding exposure to a specified carcinogen, the facile
answer to the question ‘Who is at risk?’ is “Whoever is
exposed’. The dimensions of the category ‘exposed’ have
increased markedly through the achievements of research.
Such research addresses limitations inherent in the use of
broad indicators to identify persons at increased risk by
comparison with a wider comparative population. Thus
the populations  exposed to toxins produced by the fungus
Aspergillus flavus (aflatoxins) growing on peanuts and
maize, which causes liver disease (and especially cancer
of the liver), are those living in tropical Africa and Asia.

Sometimes the carcinogen under consideration implicitly
suggests who is at risk: painters and paint manufacturers
are exposed to paint solvents; asbestos workers are
exposed to asbestos. However, the limitations of such
statements are well recognised: administrative staff at a
paint factory may never come into contact with paint,
while demolition workers (rather than asbestos workers)
may have the highest exposure to asbestos.

Nothwithstanding their limitations, broad categories will
continue to usefully identify persons at risk. Thus,
accumulation of lipophilic pesticides in breast milk may
result in the newborn being exposed to relatively high
concentrations of carcinogens: a scenario meriting
intervention without waiting for direct evidence of harm.
Other broad categories of individuals at risk include those
who are immunocompromised by, for example, HIV
infection or the administration of immune-suppressing
drugs.

Finally, a separate body of evidence indicates that not all
circumstances of carcinogen exposure result in increased
risk. So far as is known, cigarette smokers receive 10 times
the amount of benzene as non-smokers,6 but do not appear
to suffer a commensurate increased risk of leukaemia.7

Ingestion of water containing asbestos derived from
piping does not appear to present the hazard posed by
respired asbestos. Indeed, the current reporting of a
recognised carcinogen such as acrylamide, which is
produced in some foods prepared at a high temperature,
may be characterised as alarmist. However, if a new route
of exposure can identify a higher risk than previously

recognised, publicity of relevant observations is justified.
Research has contributed little in this context.

Quantitation of individual exposure to many carcinogens
is assessable. Elucidation of relevant metabolic pathways
has allowed detection of indicative compounds in body
fluids. Much more significantly, and subject to on-going
study, patterns of mutation attributable to specific
carcinogens mark the interface between exposure and
mechanistic analysis. Thus, patterns of mutation
attributable to aflatoxin, benzo[a]pyrene, or ultraviolet
radiation, not only indicate that a relevant exposure has
occurred but provide insight into the mechanism of cancer
causation 8. Mutation is the commonest specific genetic
alteration exhibited in human malignancy. Such insight is
gained from studying tumours, and does not provide any
simple immediate means of prevention. However, some
progress is being made on the use of genetic information
to indicate people at risk from environmental carcinogens.
Intense effort has been directed toward the relationship
between carcinogen metabolism (assessed genotypically
or phenotypically) and risk of malignancy. Differences in
risk are sometimes indicated, but variation is not so marked
as to have public health implications.9

FUTURE PROSPECTS
In common with virtually every area of medical science,
understanding of carcinogenesis is certain to be affected
by advances in molecular genetics: we are in the
postgenomic era. The recent publication Cancer Cell
epitomises the focus of molecular analysis on the biology
of malignancy.10 Discovery of a ‘new gene’ that is crucial
is unlikely. But the capacity of available technology, such
as microarrays (that is, matrices in which cDNA
corresponding to 10,000 or more individual genes are
‘arrayed’ so that the expression of each gene may be
evaluated relative to expression of the same gene in some
reference context) to assess thousands rather than one or
two genes on a single analysis, may change beyond
recognition the identification of people at risk from a
specific hazard. At the level of public health policy, the
exploitation of chemoprevention—whether based on
pharmaceuticals or micronutrients—has a limited history
but continues to provide an opportunity for action outside
the frame of simply ‘preventing exposure’.11

CONCLUSION
Environmental factors that influence cancer are known to
include diet, certain infections and some behaviours.
Nonetheless, causation of cancer by specific substances
has been, and will remain, a singular opportunity to
prevent malignancy. Hopefully, the design and implemen-
tation of such preventive measures will continue to be
assisted by progress in research.
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Within NSW and Australia, a number of agencies are
engaged in a wide range of activities—and in deploying a
variety of tools—directed towards controlling and
managing exposure to environmental carcinogens in
industrial, domestic, and agricultural settings, and in the
environment. In 2001, The Cancer Council NSW
undertook a mapping exercise to establish ‘who does
what’, with respect to the control of environmental
carcinogens. The objectives of this exercise were to map
out the functions and responsibilities of key state and
national organisations involved in the control of
environmental carcinogens; to describe the underpinning
legislative and regulatory framework; and to identify
possible weaknesses and limitations that may exist in the
management of environmental carcinogens. This article
describes the picture of environmental carcinogen control
that emerged from this mapping exercise, which is a picture
of a complex array of organisations—working at state and
national levels—each with overlapping functions and
responsibilities.

Based on current knowledge, over 200 substances, agents,
or mixtures are known—or are reasonably anticipated to
be—carcinogenic to humans.1,2 For the purpose of this
exercise, we limited our focus to those chemical and
physical agents and substances that are amenable to direct
and socially-acceptable control measures, thereby
excluding behavioural risk factors for cancer such as diet
and physical activity.

Fifteen agencies involved in the control of environmental
carcinogens were identified (Table 1). Relevant individuals
from each agency were contacted and invited to participate
in a semi-structured interview. Information obtained from
these interviews was supplemented with information
gathered from websites, annual reports, and other
literature. In addition, semi-structured interviews were
conducted with a second set of organisations with an
interest or expertise in environmental carcinogens,
including universities, consumer and environmental
groups, trade unions, and associations of public and
environmental health professionals.

WHO DOES WHAT?
The infrastructure and activities for the identification,
assessment, and control of environmental carcinogens in
NSW and Australia is complex. Responsibility is dispersed
among multiple agencies, which reflects both the diversity
of the substances and agents involved, and the range of

THE IDENTIFICATION, ASSESSMENT AND CONTROL OF
ENVIRONMENTAL CARCINOGENS IN NSW AND AUSTRALIA

settings and routes through which potential exposures
could occur. For the majority of agencies involved, their
concern with carcinogens is part of a much broader
responsibility for environmental and/or public health
protection. None, with the possible exception of the
Australian Radiation Protection and Nuclear Science
Agency (ARPANSA), has a direct focus on carcinogen
control per se; nor, unsurprisingly, is there any apparent
sense of a community of organisations jointly responsible
for environmental carcinogen control. There is also
evidence of significant overlap in the organisational
responsibilities of the key state and national agencies,
with additional complexities imposed by Australia’s three-
tiered system of government at the Commonwealth, state,
and local levels.

Taking the two examples of radiation and (carcinogenic)
atmospheric contaminants, Table 2 lists those agencies
that have an organisational responsibility that includes
the assessment, monitoring and/or control of these
carcinogens, and provides an indication of the extent of
each agency’s involvement.

The instruments and measures employed by each of the
15 key agencies for the control of environmental
carcinogens reflect the nature of each agency’s particular
responsibility, as well as any regulatory powers invested

TABLE 1

FIFTEEN KEY FEDERAL AND STATE AGENCIES
RESPONSIBLE FOR THE CONTROL OF
ENVIRONMENTAL CARCINOGENS

Australian Nuclear Science and Technology Organisation
(ANSTO)
Australia and New Zealand Food Authority (ANZFA)

Australian Radiation Protection and Nuclear Science Agency
(ARPANSA)

Commonwealth Department of Health and Aged Care,
Environmental Health Section

Therapeutic Goods Administration (TGA)

Environment Australia

National Occupational Health and Safety Commission
(NOHSC)

National Industrial Chemicals Notification and Assessment
Scheme (NICNAS)

National Registration Authority for Agricultural and Veterinary
Chemicals (NRA)

NSW Agriculture

NSW Environmental Protection Authority (NSW EPA)

NSW Health, Environmental Health Unit

Roads and Traffic Authority NSW (RTA NSW)

Sydney Water Corporation

WorkCover NSW
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by underpinning legislation. A broad spectrum of
approaches to control is represented including: the
development of policy and guidelines; the setting of
standards; the provision of expert advice to government,
industry and the public; education, training and
information; research, surveillance and monitoring; and
the enforcement of regulatory and economic controls.

Besides the 15 agencies involved directly in the mapping
exercise, participants identified other agencies with
responsibilities that are directly relevant to the control of
environmental carcinogens. These include: at the federal
level, the National Drugs and Poisons Schedule
Committee, the National Health and Medical Research
Council and Agriculture, Fisheries and Forestries Australia;
and at the state level, Planning NSW, Waste Services NSW,
and local government.

LEGISLATIVE AND REGULATORY
FRAMEWORK
The legislative and regulatory framework underpinning
carcinogen control in NSW and Australia mirrors the
complex picture of overlapping organisational
responsibilities described above. This complexity is due
to Australia’s three-tiered system of government with
numerous fields of regulation that have a bearing on
carcinogen control. These include regulation in:
environmental protection, occupational health and safety,
transport and storage of waste, contaminated sites,
radiation and nuclear safety, food, tobacco, public health,
agricultural and industrial chemicals, urban planning, and
land use. Although the Commonwealth Government has
some important national responsibilities, particularly with
respect to chemicals, therapeutics, food standards, tobacco,
and radiation, legislation at the state and territory level
gives those jurisdictions extensive responsibilities for
managing and controlling exposures to environmental
carcinogens in the home, at work, on the farm, and in the

environment. A convenient way of differentiating
Commonwealth responsibilities from those of the states
and territories is that the Commonwealth tends to deal
with ‘threshold’ questions, through activities such as
national standard setting and the registration of chemicals.
The states and territories tend to regulate the application
and/or use of chemicals in places and activities governed
by relevant legislation. Local government also has
responsibilities in the areas of waste disposal and land
use and planning that can potentially affect environmental
carcinogen control.

As with other public health issues, Australia’s jurisdictions
have endeavoured to achieve a degree of uniformity in
the laws affecting environmental carcinogen control.3

Approaches to legislative uniformity in this area can be
thought of as ranging along a continuum, from unitary
pieces of Commonwealth legislation that provide for
centralised, national controls, such as the Commonwealth
Agricultural and Veterinary Chemicals Act 1994, to more
cooperative approaches that enable states and territories
to legislate for their own codes of practice and other
measures, and which are developed through a process of
collaboration and consultation with the Commonwealth.

LIMITATIONS AND WEAKNESSES
All participants in the mapping exercise were asked to
highlight any perceived limitations and weaknesses within
existing arrangements for environmental carcinogen
control in Australia and NSW. A high degree of consistency
was evident in the issues raised, despite the diversity of
organisational perspectives. The common themes that
emerged are summarised below.

System complexity and multiple jurisdictions
The complexity of the current system of carcinogen
controls in NSW and Australia, and the multiple
jurisdictions and agencies that contribute, engenders
occasional gaps and duplications, and leads to variations

TABLE 2

ORGANISATIONAL RESPONSIBILITIES FOR THE PREVENTION AND CONTROL OF SELECTED
ENVIRONMENTAL CARCINOGENS IN NSW AND AUSTRALIA

Environmental carcinogen Core business Within organisational responsibility but not core
business 

Atmospheric contaminants, • Environment Australia • ANSTO 
including air toxics and • NSW EPA (ambient only) • ARPANSA
diesel exhaust • NSW Department of Health • Commonwealth Department of Health and Ageing

(Environmental Health Branch) • NSW Agriculture
• RTA NSW • TGA

Radiation • ANSTO • Commonwealth Department of Health and Ageing
• ARPANSA • NSW Department of Health (Environmental
• NSW EPA Health Branch) 

• NOHSC
• WorkCover NSW

Note: See Table 1 for names in full.
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in approach to the control of carcinogens, particularly in
those areas where nationally uniform legislative controls
are lacking, such as radiation. Achieving effective
communication and coordination between the relevant
agencies is perceived as vital to effective carcinogen
control, yet is also regarded as a major challenge by the
agencies involved. Nationally, a number of cooperative
mechanisms have been established in recent years—such
as the EnHealth Council, the National Public Health
Partnership, and the Chemicals Clearing House—largely
as a response to this challenge of improving coordination
and communication. Increasingly, agencies operating at
the state level see the need to develop more formalised,
structured channels for inter-agency working, rather than
relying on ad-hoc partnerships on specific projects.
Participants also flagged the need for more ‘holistic’
whole-of-government approaches to environmental and
public health policy development. The management of
environmental carcinogens and other important
environmental health issues requires recognition of their
inter-sectoral and interdependent nature, and the
development of approaches and structures that support and
reinforce joint working. Transport, environmental health,
and public health were highlighted by participants as
policy areas in which there are clear contradictions and
tensions between policy objectives.

Current controls are largely reactive rather than
proactive
New environmental and public health issues are emerging
all the time. Although some disease control programs have
an element of active surveillance, these tend to focus on
acute health problems rather than health outcomes that
may result from long-term exposures such as cancers.
Participants highlighted a lack of long-term surveillance
programs linking environmental and occupational
exposures to health outcomes data. Participants also
underlined the importance of anticipating changes in the
environment, which may predicate new or increased
exposures to carcinogens, as a means of facilitating a more
precautionary and proactive approach to carcinogen
control. These environmental changes may be qualitative
in nature; for example, changes to fuel formulations or
engine design; or may be quantitative in nature, such as
the increase in absolute numbers of diesel vehicles on our
roads.

Specific limitations in the control of chemicals
Under current arrangements for chemical control, existing
chemicals are not subject to the same regulatory scrutiny
as new chemicals. While the National Industrial Chemicals
Notification and Assessment Scheme (NICNAS) and the
National Registration Authority for Agricultural and
Veterinary Chemicals (NRA) both maintain review
schemes for existing chemicals, under which these are

reviewed on a priority basis, such schemes only scratch
the surface of the thousands of industrial and agricultural
chemicals already available for use in Australia. Moreover,
there is scepticism among consumers about an assessment
process that relies on industry-generated data, and
evaluates chemicals on a one-by-one basis, rather than
examining the health effects of the total ‘chemical load’
to which we are exposed. Also of concern is the difficulty
of regulating and controlling the use of chemicals in the
domestic environment. Reviews commissioned by the
National Health and Medical Research Council (NHMRC)
have highlighted widespread ignorance of chemical
hazards in the home.4

Regulatory compliance in occupational settings
It has been estimated that in excess of 1250 deaths occur
each year in Australia as a result of occupational exposure
to carcinogens.5 Yet relatively little is known about the
numbers of people exposed to carcinogenic or potentially
carcinogenic substances in the workplace, and the extent
and distribution of occupational cancer in Australia.
Serious concerns were expressed by participants about the
degree of compliance with occupational health and safety
regulations and standards governing exposure to hazardous
substances, including carcinogens. Several participants
highlighted failures or inadequacies in implementing
controls for a range of carcinogenic substances, including
asbestos, trichloroethylene, and benzene. Itinerant or
casual workers employed in small-scale enterprises are
thought to be at greatest risk of hazardous exposures.
Moreover, the resources available to oversee compliance
with occupational health and safety standards are seen as
inadequate by the key agencies consulted for this exercise.

Information and skills deficit
One of the most straightforward themes to emerge was the
deficiency of scientific information on many actual and
potential carcinogenic hazards. This deficiency was
thought to span the range of scientific evidence necessary
to undertake robust health risk assessments, from studies
of carcinogenesis at the biological and molecular level, to
human epidemiological studies of environmental and
occupational exposures. Improving our understanding of
the toxicity of chemicals and their effect on human and
environmental health was seen as a key challenge, as were
long-term studies of environmental exposures and an
improved understanding of the synergistic effects of
particular exposures. This deficiency of knowledge
severely limits the ability of organisations to undertake
health risk assessments, and to provide robust evidence-
based policy advice and recommendations necessary to
protect public health. Interviewees also observed a skills
shortage in environmental and public health risk
assessment, and particularly in relation to the scarcity of
toxicological expertise available to public health units
across NSW.
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Risk perception and communication
At a societal level, perceptions of risk drive government
policy and ultimately affect the nature of regulatory and
other control mechanisms. There is significant public
concern about the health risks posed by modern
environmental health issues such as environmental
pollution, ozone depletion, and chemical exposures.6 Yet
we have only a limited understanding of environmental
risk perception, risk thresholds, risk tolerability, and their
determinants in an Australian setting. Improved
understanding of public perceptions of environmental and
behavioural risk factors, the determinants of those
perceptions, and influences over the acceptability or
tolerability of risk, would aid environmental and public
health practitioners to communicate risk in a meaningful
way to the public, and to develop targeted prevention
strategies grounded in the evidence from behavioural
research.

CONCLUSIONS
The picture of carcinogen control that emerged from this
mapping exercise is of a complex array of organisations
working at state and federal levels, each with overlapping
responsibilities that include the direct or indirect control
of environmental carcinogens. The legislative framework
is similarly complex in NSW and Australia. Approaches
to joint working on multi-sectoral carcinogen control
issues range from formalised cooperative mechanisms to
ad-hoc partnerships on specific projects. While no sense
emerged of major gaps or holes in the network of controls
dealing with established carcinogens, this mapping
exercise highlighted some key challenges facing policy
makers and practitioners working in the field. Those key
challenges and areas for action can be grouped under four

broad themes: coordination and cooperation in carcinogen
control at national and state levels; enforcement of and
compliance with existing controls; information exchange,
communication and public engagement; and active
management of emerging risks. On a positive note, the
key state and national stakeholders consulted saw
considerable scope for addressing many of the limitations
within existing carcinogen control arrangements, and have
demonstrated a commitment to furthering this aspect of
cancer control by actively engaging in a strategic program
of work being carried forward under the auspices of The
Cancer Council NSW.
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Even when a hazard, such as a carcinogen, is well
established, reducing exposure to the hazard through
regulation may be a complex process and involve multiple
stakeholders working together. It is the health policy
maker’s job to put the issue, as a potential threat to health,
on the agenda. This article describes a case study that
illustrates the complexity of attempting to regulate known
carcinogens, using benzene control in NSW as an example.

OCCURRENCE OF BENZENE IN THE
ENVIRONMENT
Benzene is a volatile naturally occurring organic
compound (C

6
H

6
). It is found in fossil fuels and is produced

by the burning of organic material and, as such, occurs in
fires, petrol refining, fumes from cooking oils, tobacco
smoke, and waste incineration. Benzene is also formed,
even during the combustion of lead free petrol, in car
engines. Historically, benzene was widely used as a
solvent, and is still used in the manufacture of plastics,
synthetic fibres, detergents, pharmaceuticals, pesticides,
and rubber. Low-level benzene exposure is ubiquitous,
and the main route of exposure is through inhalation.
Fortunately, benzene in the air is broken down naturally
by chemical reactions over a period of hours to days.

THE CARCINOGENICITY OF BENZENE
Benzene is classified as a definite (that is, a Group1) human
carcinogen by the International Agency for Research on
Cancer,1,2 and is a genotoxic substance that causes
mutations in DNA. The National Occupational Health and
Safety Commission has also classified benzene as a
Category 1 carcinogen (that is, an established human
carcinogen). Information about the carcinogenicity of
benzene comes from animal studies, and from
occupational cohort studies of workers who have been
occupationally-exposed to high cumulative doses of
benzene in previous decades (for example, shoe making,
leather, rubber, and chemical industry workers.) In humans,
there is clear evidence of a relationship between exposure
to benzene and the development of acute myelocytic
leukaemia (AML), which is a cancer of the white blood
cells. The risk of leukaemia increases with exposure, with
no known threshold but with a significantly elevated risk
above 50 parts per million-years—for example, 1.25 parts
per million (ppm) (time weighted average eight-hour
exposure [TWA

8
]) over 40 years).3 Benzene exposure is

also associated with multiple myeloma and non-Hodgkins
lymphoma. Locally, the Health Watch study, a long-term

BENZENE: A CASE STUDY OF THE CONTROL OF
A CARCINOGEN IN NSW

cohort study of Australian petroleum industry workers,
has reported an excess of lympho-haematopoetic cancers
(that is, cancers of the blood and bone marrow cells), with
a case-control analysis demonstrating that high cumulative
exposures to benzene are associated with these cancers in
this cohort.4

BENZENE EXPOSURE IN AUSTRALIA
Most exposure to benzene in the Australian population
occurs through the air—indoors, inside vehicles, and
outdoors—when the atmosphere is locally-contaminated
with benzene from vehicle exhaust, petrol evaporation,
and tobacco smoke.3 The estimated excess lifetime risk of
leukaemia for the average urban Australian, due to the
estimated 24-hour average lifetime exposure of 5.2 parts
per billion, is one per 10,000 population, or 1.2 per cent
of the lifetime risk of contracting leukaemia of any cause.3

In NSW, the lifetime risk of leukaemia by age 75 is one in
92 for men (1.1 per cent) and one in 162 for women (0.6
per cent).5

There are several industries in Australia where higher than
ambient levels of benzene exposure could occur—such
as the petroleum, steel and chemical industries—and in
laboratories. Additionally workplaces where conspicuous
exposures to vehicle exhaust or tobacco smoke occur—
such as those of professional drivers, mechanics, or
hospitality industry workers—need to be considered.

The control of benzene exposure in NSW is approached
through three main avenues: as a poison, as an occupational
hazard, and as an environmental pollutant (in air, water,
tobacco smoke, and contaminated sites.)

CONTROL AS A POISON
The Commonwealth Therapeutic Goods Act 1989 provides
a framework for the states and territories to adopt a uniform
approach to control the availability and accessibility, and
ensure the safe handling, of poisons in Australia. Benzene
is listed as a Schedule 7 poison under the ‘Standard for
the Uniform Scheduling of Drugs and Poisons’ (the
Standard). Schedule 7 substances are those with a high
potential for harm at low exposure requiring special
precautions during manufacturing, handling, and use.
Products with benzene in concentrations below 1.5 per
cent or in petrol up to 5.0 per cent are exempted from the
poisons schedule. The legislation and schedule
classification restrict access to benzene to authorised users.

In NSW, direct reference to the Standard is made in the
NSW Poisons and Therapeutic Goods Act 1966, which
means that poisons in NSW legislation are updated by
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Commonwealth standards. The Pharmaceutical Services
Branch of the NSW Department of Health administers the
NSW Act. Unless one is an authorised person (doctor,
dentist, vet, pharmacist, or holder of a manufacturer–
wholesaler–general supplier’s licence), authority must be
obtained from the Branch in order to obtain benzene.

CONTROL AS AN OCCUPATIONAL HAZARD
The National Occupational Health and Safety Commission
is a tripartite statutory body with representation from
government, employers, and employees. The Commission
has the power to declare national occupational health and
safety standards and codes of practice, but these need to
be adopted into law at a state and territory level. National
codes of practice relevant to benzene include the Control
of Scheduled Carcinogenic Substances,6 with benzene
under Schedule 2 (Notifiable), and Workplace Hazardous
Substances.7 Benzene is included in the List of Designated
Hazardous Substances [NOHSC:10005(1999)] as a
Category 1 carcinogen.8 The Commission has also
produced Guidelines for health surveillance for benzene
(1997).9

Since 1990, the occupational exposure standard for
benzene has been 5 ppm. This standard is considered
inadequate, given current knowledge about the hazard of
benzene and is currently being reviewed with a view to
lowering the standard to 1 ppm.10 Current Australian
workplace exposures are estimated to be considerably
lower than 5 ppm (mean long term exposures of <0.7 ppm
across relevant industries).3 Substitution of benzene,
engineering controls, ensuring adequate ventilation, and
safe work practices such as personal protective equipment,
are the main methods of workplace control of benzene
exposure.

The review of the exposure standard is occurring, in the
wake of a recent assessment of benzene as a priority
existing chemical by the National Industrial Chemicals
Notification and Assessment Scheme (NICNAS).3

Although NICNAS is not a statutory authority—that is, it
cannot regulate—it can make recommendations as a
statutory scheme and has a memorandum of understanding
with states and territories.

NICNAS conducts its reviews in conjunction with
Environment Australia and the Therapeutic Goods
Administration—under whose auspices the scheme has
recently come—and brings recommendations to the
relevant parties for action.

In NSW, the Workcover Authority of NSW is responsible
for ensuring compliance with occupational health and
safety legislation. The NSW Occupational Health and
Safety Act 2000 places the onus on employers to conduct
risk assessments of hazardous substances in the workplace,
and thus they are responsible for identifying hazards,

disclosing them to workers, providing safety instructions,
and labelling. In relation to benzene, its use as the main
raw material in the manufacture of a product (>50 per
cent volume) is notifiable and benzene cannot be supplied
unless Workcover is notified or unless the benzene is used
for research or analysis. Workcover requires employers to
provide health surveillance for employees where indicated
by risk assessment, to keep appropriate records, and to
notify employees of any exposure or potential exposure
at the end of employment. The use of greater than one per
cent benzene for spray painting is specifically prohibited.

CONTROL AS AN ENVIRONMENTAL
EXPOSURE
Lead agencies involved in measuring, monitoring and
reducing benzene in the environment are Environment
Australia and the NSW Environment Protection Authority
(EPA). ‘Upstream’ control measures include new national
fuel standards to reduce benzene emissions by over 50
per cent nationally by 2010, by reducing benzene in petrol
to a maximum of one per cent by volume from January
2006.11 The delay in introducing these standards reflects
concerns regarding infrastructure costs to refineries.
Industrial benzene emissions are reportable to the National
Pollutant Inventory, with a summary of pollutants available
publicly.12 As part of the proposed National Environment
Protection Measure for Air Toxics, an air standard for
benzene in Australia is being considered. The NSW EPA
has reported that air benzene levels in NSW comply with
international air quality targets.13 The NSW Government’s
25 year Action for Air plan aims to provide an integrated
strategy for improving air quality, with the NSW EPA
working locally with initiatives such as regulations to
reduce wood heater emissions, control of open burning
and incineration, and working with the oil industry to
supply low volatility petrol during summer. However,
improving air quality clearly requires cross-sectoral action
and involves agencies such as Planning NSW (transport
and road infrastructure), the Roads and Traffic Authority,
and the Environmental Health Branch of the NSW
Department of Health.

Public health campaigns to reduce smoking have not
focused on benzene, which is just one of many carcinogens
in tobacco smoke. The success of tobacco control
interventions in NSW has undoubtedly reduced population
benzene exposure, both in smokers and non-smokers. In
particular the NSW Smoke Free Environment Act 2000,
which bans smoking in most enclosed public places, will
reduce exposure to benzene from environmental tobacco
smoke.

CONCLUSIONS
Population and subpopulation exposure to benzene is
difficult to control comprehensively. This is because
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exposure is ubiquitous and occurs in multiple settings,
and because responsibilities for control vary according
to these settings. Particular problems with the control of
benzene in Australia relate to a lack of timeliness in
occupational standard setting, to the multiplicity of small
workplaces where significant (and unmeasured) exposures
may be occurring (such as in petrol stations and car repair
shops) and to insufficient data about low dose population
exposures and the degree of such exposure in Australia.
Concern over benzene in air pollution and in cigarette
smoke has not been the driving force behind the control
of these issues, and it is fortunate that these problems
continue to be addressed for other reasons. The current
initiatives, as part of Environment Australia’s Living
Cities—Air Toxics Program, to measure benzene exposures
more accurately at the population and subpopulation level
may facilitate focused control measures where they are
most needed.
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Further Reading
The interested reader is referred to the
recommendations of the recent report by the
National Industrial Chemical Notification and
Assessment Scheme,3 and to a recent report by the
European Environment Agency,14 which uses
benzene as a case study of failure to regulate
appropriately in the face of significant evidence of
harm.
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FIGURE 1

THE EVENTS THAT OCCUR FROM EXPOSURE TO ENVIRONMENTALLY INDUCED DISEASE AND THEIR
RELATIONSHIP WITH BIOMARKERS OF EXPOSURE, EFFECT AND SUSCEPTIBILITY *

*After Fowle & Sexton.2

John Beard and Kathy Jong
Department of Rural Health
University of Sydney, Northern Rivers

Pesticides are widely dispersed in the environment and
exposure to them is almost unavoidable, mainly through
the food chain. During the peak period of its use, DDT
was so ubiquitous that it could be detected in ice core
samples taken in the Antarctic, even though it had never
been used on that continent. Pesticides have been one of
the most intensely studied of possible carcinogens in the
environment. As with other environmental exposures,
epidemiological research into the health effects of chronic
pesticide exposure is subject to methodological
challenges, and our understanding of the relationship
between exposure and health remains limited. This article
describes some of the challenges facing environmental
epidemiology, and some of the recent developments in
molecular epidemiology that may assist these challenges.
To assist the reader, a glossary of terms is provided toward
the end of the article.

SOME CURRENT CHALLENGES IN
ENVIRONMENTAL EPIDEMIOLOGY
One of the challenges facing environmental epidemiology
is getting accurate information on pesticide exposure. This
challenge is exacerbated by the initiation and latency
periods that are usually associated with cancer, which
means that there may be lag periods of more than 10 years

CAN MOLECULAR EPIDEMIOLOGY HELP US BETTER
UNDERSTAND THE ENVIRONMENT’S ROLE IN CARCINOGENESIS?

THE EXAMPLE OF PESTICIDES

between an exposure and a particular outcome of that
exposure. Any prospective study that looks at the health
effects of a current exposure will necessarily involve long
follow-up periods, even if the current exposure can be
accurately determined, and any retrospective study will
need to determine the effects of exposures many years in
the past. Where data on exposure is dependent on the recall
of those individuals subject to the exposure, measurement
errors—in the form of ‘recall bias’—are also likely.

Numerous surveys have been taken of pesticide levels in
air, water, and food. However, because individuals vary
in their behaviour—in relation to air, water, and food—it
is difficult to extrapolate survey data to estimate individual
exposure levels in a community setting. Also, exposures
in air, water, and food are likely to be low, particularly
since the 1960s when restrictions on the use of ‘persistent’
pesticides (that is, pesticides that persist in the
environment) became widespread in western societies. At
the levels likely to be faced in these communities,
epidemiological studies would need to demonstrate large
increases in carcinogenic risk to confidently identify an
association between a particular pesticide and a form of
cancer.

To overcome these difficulties, researchers have frequently
turned to occupational settings to explore the relationship
between exposure and health, since occupational
exposures are likely to be higher and more predictable.
However, even in an occupational setting, pesticide



NSW Public Health BulletinVol. 13   Nos. 9–10 213

exposure tends to be difficult to assess because the users
of pesticides rarely have standardised work practices.

Information on individual exposures for pesticide users
is also often limited. To overcome this, researchers have
often turned to simple occupational categorisation to
define exposure groups. However, to be most effective,
such an approach requires homogeneity in the exposures
likely to be experienced by individuals identified in each
category. Where, for example, categories such as ‘farm
hand’ are identified from census or other routinely-
collected documents, heterogeneity of exposure lessens
the ability of these studies to detect true associations.

One frequently-used method of getting more accurate
information on individual exposure in occupational settings
is biological monitoring. Biological sampling for persistent
pesticides such as the organochlorines, or for contaminant
pesticides such as dioxins, can give a meaningful picture
of total exposure over a number of years. However,
metabolism and excretion of modern pesticides is rapid,
and results of biological monitoring may only reflect recent
exposure in the last few hours or days.

Some of the issues around the assessment of pesticide
exposure were examined by a review of studies of the
possible effects of Agent Orange, which was used by
American military personnel during the Vietnam War.1

Until 1992, the assessment of exposure relied on
categorisation of individuals into occupational groups that
were thought likely to have worked with Agent Orange.
Sometimes this assessment was supplemented by an
individual’s own estimate of the exposure. However, in
1992 the United States Air Force completed a study
examining the relationship between individual serum
TCDD (the dioxin contaminant of Agent Orange) and
verified reproductive outcomes. TCDD levels correlated
poorly with both self-reported exposure and exposure
indices developed from military records, which confirms
the limitations of research dependant on these surrogate
measures and the need for a degree of scepticism when
interpreting the findings.

Another challenge for epidemiological studies exploring
the health impact of pesticides is the ‘healthy worker
effect’, where relatively healthy individuals tend to be more
likely to gain employment and remain employed. This
effect has the potential to bias studies towards finding
lower mortality rates in an occupational cohort, when
compared with the general community, and thus mask true
increases in mortality. When studying the impact of
pesticides, the ‘healthy worker effect’ may be complicated
by the unique dietary and lifestyle factors associated with
residing and working on a farm, which is associated with
mortality and cancer rates below those of the broader
community.

Finally, a range of other factors may confound the
relationship between pesticide exposure and cancer
mortality. These possibly include smoking, carcinogenic
animal viruses, and the lymphoproliferative effect of
prolonged antigenic stimulus. Our understanding of these
risk factors is currently limited and inconsistent.

SOME RECENT DEVELOPMENTS IN
MOLECULAR EPIDEMIOLOGY
Recent developments in the field of molecular
epidemiology may assist the challenges facing
environmental epidemiology, by providing better
information on exposure and earlier information on
outcomes, and by identifying members of the community
who may be most sensitive to exposures to pesticide. A
framework for applying these recent developments is
outlined in Figure 1, which is based on the work of Fowle
and Sexton.2

Biomarkers of exposure
Accurate assessment of exposure to potential
environmental carcinogens will contribute to the accuracy
of studies, and will reduce the number of subjects required
to identify possible health effects. As mentioned above,
chemicals that persist in the environment can already be
measured directly in body tissues (sometimes at
considerable expense). However, direct measurement of
pesticides that are rapidly metabolised, such as
organophosphates, is less useful; and the surrogate
measures currently used, for example, serum cholinesterase
levels, only provide a crude indication of exposure.

These problems may be partly overcome if other exposure-
specific patterns of physiological or chromosomal effect
could be identified. For example, xenobiotic-specific DNA
adduct formation (complexes that form when a chemical
binds to a biological molecule such as DNA) has been
demonstrated to correlate with exposure to a number of
toxic compounds including polycyclic aromatic
hydrocarbons and nitrosamines. While there is still more
work to be done in this area, discovery of exposure-specific
DNA adducts will significantly improve our ability to
accurately estimate exposure to various environmental
carcinogens. Unfortunately, adducts linked to specific
pesticides have not yet been identified.

Measures of biological effect
Most prospective studies of environmental exposures have
relied on crude and relatively rare measures of biological
effect such as mortality or cancer. One of the early
characteristics of carcinogenesis is genetic damage. By
using such damage as an intermediate indicator of
outcome, molecular epidemiology may allow shorter
follow-up periods and smaller study sizes. Indicators that
have so far been linked to both outcome and pesticide
exposure include chromosomal aberrations, sister
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GLOSSARY OF TERMS
Lymphoproliferative effect of prolonged
antigenic stimulus
The capacity of a chronic exposure to cause human
white blood cells to proliferate in an uncontrolled
way which can be a precursor to tumour
development and growth.

Xenobiotic-specific DNA adduct formation
Toxins found in the human body but not produced
by the human body. In susceptible individuals,
xenobiotics can bind to DNA to form adducts that
may lead to mutation and ultimately to cancer.

Polycyclic aromatic hydrocarbons (PAH)
Environmental carcinogens found commonly in
tobacco smoke, outdoor air from automobile
exhaust and emissions from power plants and other
industrial sources.
Nitrosamines
Carcinogens formed from the reaction of amines
(amino acids for example) with nitrite. Nitrite is
commonly added to foods such as bacon, ham and
sausages to inhibit the growth of harmful bacteria.

Sister chromatid exchanges (SCE)
The reciprocal interchanges of the two arms within
a single chromosome. Assays of SCE in human
blood (peripheral blood lymphocytes) can be used
as a marker of chromosome damage.

Micronuclei in peripheral lymphocytes (MN)
Chromosome fragments or whole chromosomes left
behind during the normal process of cellular
division (mitosis). Assays of MN from human blood
(peripheral blood lymphocytes) can be used as a
measure of chromosome breakage and
chromosome loss.
While assays of SCE and MN indicate chromosomal
damage in cells, they do not reflect exposure to any
specific chemical. However they are probably the
best validated predictors or cancer risk and have
thus been used as biomarker ‘end points’ in many
epidemiologic studies.

chromatid exchange, and micronuclei in peripheral
lymphocytes.

Exposure-susceptibility interactions
One of the most exciting new approaches allows a better
understanding of individual variation and to identify
populations at risk. Researchers already control for a

number of key causes of variability: for example age,
ethnicity, and gender. Molecular epidemiology may also
soon allow for improved assessment of other non-genetic
factors such as smoking, for example by the use of PAH
adducts as markers of past exposure.

A number of genetic susceptibility factors are also worthy
of incorporation into studies of environmental
carcinogenesis, in particular the relatively common genetic
polymorphisms that determine the metabolic fate of
pesticides. Metabolism of most pesticides is undertaken
in a two stage hepatic process and/or by serum
paraoxonase. Polymorphisms of the enzymes used in these
processes are common. Subjects with less effective
metabolic phenotypes may be expected to face a greater
internal dose following exposure to a particular pesticide
and thus be more susceptible to any adverse effect.
Identifying susceptible individuals and studying them
separately increases the chance of an epidemiological
study identifying a true association.

Such molecular approaches have already been used in a
number of studies exploring the carcinogenic potential of
pesticides. Typically, these studies have been small and
have explored the relationship of quantified exposure to
intermediate indicators.3,4 More recently they have also
examined variations in these relationships between
subjects with different metabolic phenotypes.4,5

CONCLUSION
While the findings of these early studies in molecular
epidemiology have been inconsistent they suggest that, as
we become more familiar with the techniques, we will be
better equipped to understand the role pesticides and other
environmental exposures play in carcinogenesis.
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Environmental tobacco smoke (ETS) is a mixture of
sidestream smoke (emitted to the atmosphere from the tip
of a burning cigarette) and mainstream smoke (inhaled
and exhaled by a smoker). ETS contains at least 50
chemicals recognised to be carcinogenic, as well as
thousands of other chemicals including many known to
be developmental, reproductive, mutagenic, and cardiac
toxins.1,2,3 Tobacco smoke is classified as a Group A
carcinogen by the United States Environmental Protection
Authority,4 and is classified as a Group 1 carcinogen (that
is, a carcinogen that has been proven to cause cancer in
humans) by the International Agency for Research on
Cancer.21 Many compounds found in ETS are banned or
regulated as occupational carcinogens, including arsenic,
benzene, and vinyl chloride.3 The already extensive
evidence of harm to the health of non-smokers who are
exposed to ETS continues to mount. Reviews of the
epidemiological evidence consistently confirm an
association between exposure to ETS and passive smoking
and the development of lung cancer, heart disease, and
respiratory illness in non-smokers.1,5,6,7,8,9

NSW has comprehensive legislation in place to minimise
ETS-related harm in the community. The Occupational
Health and Safety Act 2000 requires all employers to
ensure the health, safety, and welfare of their employees,
consequently preventing smoking in workplaces. The
Smoke-Free Environment Act 2000, which banned smoking
in enclosed public places in NSW, was a major step forward
in public health and reduced ETS exposure in restaurants,
shopping centres, and other public places. Since
September 2001, all table service dining areas of licensed
hotels, licensed nightclubs, and registered clubs, have
also been required to be smoke-free. This article presents
some of the evidence that supports improved strategies to
reduce exposure to environmental tobacco smoke. It also
includes a description of the NSW Tobacco Action Plan
(page 217),10 which outlines further areas for action to
ensure that no-one is still exposed to ETS in the workplace.

AN ESTABLISHED HAZARD
A meta-analysis of the occupational risk to non-smokers
of lung cancer from ETS concluded that there is a
significant excess risk from occupational exposure to ETS.7

A review of hospitality employee exposure to ETS
estimated that bar workers are exposed to 4.4 times the
ETS experienced in domestic settings.11 Cotinine, a
chemical that is made by the body from nicotine, is a
reliable biochemical marker of exposure to nicotine.

TOBACCO CONTROL IN NSW : EVIDENCE SUPPORTING IMPROVED
STRATEGIES TO REDUCE EXPOSURE TO ENVIRONMENTAL

TOBACCO SMOKE

Measurement of cotinine levels in non-smokers is a valid
and objective indicator of passive exposure to tobacco
smoke, which permits estimation of risks to health. A
recent New Zealand study of the exposure of hospitality
workers to environmental tobacco smoke reported a clear
association between changes in cotinine concentration
during work and the workplace smoking policy.12 Workers
in premises permitting customer smoking reported a higher
prevalence of respiratory symptoms and had higher
concentrations of cotinine in saliva, compared to those
from smoke-free workplaces. Further research on cotinine
levels in non-smoking hospitality workers in NSW is
needed.

In many settings throughout the world, rather than
prohibiting smoking throughout premises, authorities
have specified that smoking should not occur in particular
places within these premises. This policy is attractive to
some who perceive a prohibition on smoking to be a
liability. However,  evidence suggests that the protection
provided by this approach is not comprehensive. An
analysis by Repace et al. based on average number of
smokers, number of cigarettes smoked, and room size,
determined that ETS cannot be controlled by ventilation,
air cleaning, or spacial separation.3 To achieve the
minimum risk using ventilation alone would require, they
concluded: ‘in excess of one hundred thousand cubic feet
per minute per occupant, which would need tornado-like
levels of air-flow to achieve’.3 Consequently, attempts to
separate indoor areas in hospitality venues into ‘smoking’
and ‘non-smoking’ areas are rarely effective, due to
inherent difficulties in preventing the spread of smoke
through air-conditioning and doorways.

INADEQUATE ACTION
In NSW, over recent years, a number of clubs and some
hotels have voluntarily introduced smoke-free areas and
auditoriums, and this has contributed to a reduction in ETS
exposure for patrons and staff in those areas. Patrons can
choose to utilise the smoke-free areas, but this same choice
is not extended to employees who have to work in smoking
sections. These workers may be exposed to high levels of
ETS, if there is a concentration of smokers in areas where
smoking is permitted. In 1999, a random sample of
managers of registered clubs in NSW was surveyed
regarding the smoking restrictions in clubs. Fifty-nine
per cent reported that most or all of their staff were exposed
to tobacco smoke at work, 43 per cent reported having no
smoke-free areas, and more than two-thirds reported being
concerned about litigation by patrons or staff for damage
to health caused by passive smoking.13
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The finding in the case of Marlene Sharp v. Port Kembla
RSL Club represents an important international precedent
as the first case of cancer of the larynx proven at law to be
attributed to passive smoking in the workplace.14 It would
be reasonable for the community to expect—in the face
of the mounting medical, scientific, and legal evidence—
that clubs and hotels would move swiftly toward voluntary
self-regulation. However, in the more than 18 months since
the court decision, the industry’s voluntary progress
toward smoke-free licensed premises has been piecemeal.
Australian employers whose workers continue to be
regularly exposed to tobacco smoke in their workplace
must seriously consider the potential consequences of
inaction, as permitting smoking indoors leaves employers
exposed to potential litigation.

COMMUNITY SUPPORT
A recent National Drug Strategy Household Survey
estimates that the vast majority (>80 per cent) of the
Australian population are non-smokers.15 In the 1997 NSW
Health Survey, respondents were asked about their attitude
toward smoking in registered clubs, hotels, and bars. Over
90 per cent of respondents stated that smoking should
either not be allowed or should only be allowed in special
areas in registered clubs, and almost 85 per cent believed
the same should apply to hotels and bars.16 The tobacco
industry has engaged in intentional misrepresentation of
the scientific evidence around passive smoking,17,18 by
actively promoting fear of economic consequences for
the hospitality industry as a result of tougher restrictions
on smoking. International evidence refutes this claim, with
numerous studies confirming community support for
smoking restrictions, and that patronage and revenues were
either maintained or increased.3,5,19,20

CONCLUSION
There is overwhelming evidence of the risks to health
caused by exposure to ETS. There is continuing
involuntary workplace exposure to ETS among employees
of licensed premises. A high level of support exists in the
community for the introduction of further restrictions on
smoking in clubs and hotels. There is no evidence to
support tobacco company predictions regarding the
economic outcomes for the hospitality industry as a result
of further restrictions. The hospitality industry, the unions,
and the community, have an opportunity to work together
to ensure that no worker experiences involuntary ongoing
exposure to tobacco smoke in their workplace, or has to
make a choice to risk their health to earn a living. From a
public health perspective, the elimination of exposure to
ETS is achievable.
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THE NSW TOBACCO ACTION PLAN 2001–2004

The NSW Tobacco Action Plan 2001–2004 sets out the NSW Government’s commitment to the prevention and
reduction of tobacco-related harm in New South Wales. The Plan follows the successful NSW  Tobacco and
Health Strategy 1995–1999. It features a comprehensive range of strategies developed in response to the
National Tobacco Strategy 1999–2003, which establishes a coordinated response for tobacco control by state,
territory, and Commonwealth governments throughout Australia.

The goal of the Plan is to improve the health of the people of NSW by eliminating or reducing their exposure to
tobacco in all its forms. The main objectives of the Plan are to:

• prevent the uptake of tobacco use in non-smokers, especially children and young people;
• reduce the number of users of tobacco products;
• reduce exposure to tobacco smoke;
• decrease the number of deaths and level of disease caused by smoking;
• decrease the economic cost of tobacco related illness.

The Plan has six areas of focus, which are in line with the key strategy areas of the National Tobacco Strategy,
outlined below:

Focus 1: Community awareness and education

• implementation of public education campaigns
• establishment  of the NSW Tobacco Control Network
• staff education and training

Focus 2: Smoking cessation

• continuation and enhancement of Quitline services
• training of health professionals
• incorporating routine delivery of treatment of nicotine dependence into patient care

Focus 3: Availability and supply of tobacco products

• continuation of Tobacco Sales to Minors prevention program
• enhanced enforcement of tobacco related legislation
• review of the tobbaco control provisions of the NSW Public Health Act 1991

Focus 4: Marketing and promotion of tobacco

• implementation of tobacco advertising legislation

Focus 5: Tobacco product regulation

• collaboration with the Commonwealth government to develop a framework for the regulation of tobacco
and nicotine products

Focus 6: Exposure to environmental tobacco smoke

• implementation of smoke-free public places legislation and the NSW Health Smoke Free Workplace Policy
• strategies to address exposure to environmental tobacco smoke in children.

Reducing smoking rates in the community will reduce death, disease, and associated health costs, and is
therefore a major priority within the Plan. Specific strategies to target priority areas and population groups will be
implemented. These population groups are:

• children and young people;
• Aboriginal and Torres Strait Islander communities;
• non-English speaking background communities with high smoking rates;
• people with a mental illness.

For further information about the NSW Tobacco Action Plan 2001–2004, contact the Tobacco and Health Branch
on telephone (02) 9391 9111. The Branch is responsible for the statewide coordination of a range of programs
aimed at reducing the harm associated with tobacco use. The Plan can be downloaded from the NSW
Department of Health website at www.health.nsw.gov.au. Printed copies can be obtained by contacting the
Better Health Centre on (02) 9879 0443.

For further information and support with quitting smoking, call the Quitline on 131 848 for the cost of a local call
from anywhere in NSW. Quitline is a free 24 hour service.
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FACTSHEET
S H I G E L L O S I S

WHAT IS SHIGELLOSIS?
Shigellosis is a bacterial disease caused by infection with
Shigella bacteria. Shigellosis can affect anyone; however,
children, people with poor immune systems, and the elderly
are at the greatest risk.

HOW DO YOU CATCH SHIGELLOSIS?
Shigellosis is passed from person to person by the faecal–
oral route, by direct or indirect contact with faecal material.
This commonly occurs if hands are not washed properly,
particularly after going to the toilet or changing nappies,
and as a result of sexual contact. Shigella infections may
also be acquired from eating food contaminated with the
bacteria. Flies can also carry Shigella and can contaminate
food.

A person can have Shigella present in their stools for some
weeks and remain asymptomatic, and still pass on infection
to others.

WHAT ARE THE SYMPTOMS?
Infection with Shigella usually results in diarrhoea, fever,
nausea, vomiting, and stomach cramps. The stool may often
have blood or mucus in it.  The symptoms begin 1–7 days
(usually 1–3 days) after exposure. Symptoms usually last
4–7 days but sometimes longer.

HOW IS SHIGELLOSIS DIAGNOSED?
Diagnosis of shigellosis requires the isolation of Shigella
bacteria from a stool specimen. Your doctor may order
this test.

WHAT IS THE TREATMENT FOR SHIGELLOSIS?
People with mild infections will usually recover without
treatment. Drinking increased amounts of fluid is important
to avoid dehydration. Young children (particularly infants)
are susceptible to dehydration from diarrhoea, and parents

should seek medical attention. Antibiotics including
ampicillin, trimethoprim–sulfamethoxazole and
ciprofloxacin, can be used to treat severe Shigella
infections. However, some Shigella have become resistant
to antibiotics and using antibiotics to treat mild cases of
shigellosis can make the bacteria more resistant in the
future. For this reason, usually only severe cases of
shigellosis will be treated with antibiotics.

The use of anti-diarrhoeal drugs is not recommended.

HOW IS IT PREVENTED?
Thorough washing of vegetables and fruit that is eaten raw
is recommended.

Thorough handwashing with soap and water is the most
important way to avoid contamination and infection.
Hands should be washed after:

• going to the toilet;
• changing nappies;
• any exposures to faecal material.

People with shigellosis should avoid work and should
not prepare food while they are sick. Sick children,
particularly those in nappies, should be kept home from
preschool while they have diarrhoea. Children and adults
should avoid swimming until diarrhoea has stopped.

People who work as food handlers or who care for children
or the elderly should not return to their duties until
diarrhoea has stopped and two stool samples—taken at
least 24 hours apart and at least two days after any
antibiotics have finished—test negative for Shigella.

For further information please contact your local public
health unit, community health centre, or doctor.

September–October 2002 
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TRENDS
Notifications of communicable diseases through to the
end of July (Figure 2 and Table 1) followed typical mid-
winter patterns in NSW. Notifications of arbovirus
infections and cryptosporidiosis were relatively few, but
notifications of invasive pneumococcal disease,
meningococcal disease, and influenza, were relatively
frequent.

ENHANCED INFLUENZA SURVEILLANCE
To 3 August 2002, data from sentinel influenza surveillance
sites in NSW showed increasing influenza A activity but
decreasing influenza B activity in NSW (Figure 1).

For the week ending 3 August, 52 sentinel general
practitioners in NSW reported diagnosing 123 patients
with influenza-like illnesses [ILIs] among 5,469 total
consultations (or 22.5 per 1,000 consultations). This is
lower than the number of ILIs reported in the previous
week. In the same week, six sentinel laboratories reported
that 100 respiratory samples tested positive for influenza
A and 10 for influenza B by either direct immuno-
fluorescence or culture (a rate for influenza A, 16.9 positive
per 100 samples; and for influenza B, 1.7 positive per 100
samples). These data represent an increase in the rate for

influenza A but a decrease in the rate for influenza B)
compared with the previous week.

SYPHILIS REPORTS
There have been several notifications of new cases of
syphilis diagnosed in inner Sydney. Below are summaries
of these cases from the staff of the Central Sydney and
South Eastern Sydney Public Health Units.

The South Eastern Sydney Public Health Unit (SESPHU)
began enhanced surveillance for syphilis in 2001. In 2001,
203 syphilis notifications were received by the SESPHU.
Of these, 19 cases were classified as having early syphilis
(nine with the symptoms of primary syphilis [with
chancre], four with the symptoms of secondary syphilis
[with rash], and six with latent [asymptomatic] syphilis of
< 1 year’s duration). For 2002 to date, 119 syphilis
notifications have been received (11 primary, four
secondary, and four < 1 year’s duration).

The Sydney Sexual Health Centre, a major public clinic
in the SESPHU, reports that early syphilis cases during
2001 were predominantly acquired overseas in countries
with epidemics of syphilis among men who have sex with
men. Some cases were also acquired locally, through
sexual contact with visitors from these countries.
Anecdotal reports from the Centre suggest that the number

COMMUNICABLE DISEASES REPORT, NSW:
SEPTEMBER  2002

FIGURE 1

REPORTS OF INFLUENZA DIAGNOSES BY SENTINEL LABORATORIES, NSW 1999–2002

Source: Communicable Diseases Branch, NSW Department of Health.
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of locally-acquired cases in men has increased in 2002.

The Central Sydney Public Health Unit (CSPHU) began
enhanced surveillance for syphilis in April 1999. CSPHU
gathers information from the doctors of patients who have
a positive serological result for syphilis. Data collected
includes basic demographic information about the patient
and information about the stage of disease.

The number of early syphilis cases has steadily increased
from six in 1999 to 14 for the first seven months of 2002.
Since March 2002 enhanced surveillance has identified
six cases of primary or secondary syphilis, including four
cases with chancre and two cases with rash, spots, and/or
lymphadenopathy. The four cases with chancre have been
diagnosed since June. All four were men and two of these
individuals had acquired syphilis overseas. There was no
link identified among these cases. Sexual Health Services
in Central Sydney have since notified CSPHU of an
additional four cases of primary syphilis in men who have
sex with men.

This increase in the number of cases of early syphilis is
consistent with trends in Europe, North America, and
Britain, where increases in cases and outbreaks—often
including men who have sex with men—have been
reported since 1997.1

The diagnostic classification of syphilis cases requires
the interpretation of often-complex serological results and

patient histories, leading to the possibility of mis-
classification of cases. However, it is likely that many of
these cases were infectious and these reports may be a
harbinger of further cases. Both the SESPHU and the
CSPHU will be working closely with the NSW Department
of Health, the AIDS Council of NSW, and the Sexually
Transmitted Infections in Gay Men’s Action Group
(STIGMA) to develop prevention strategies.

Reference
1. Nicoll A, Hamers FH. Are trends in HIV, gonorrhoea, and

syphilis worsening in western Europe? BMJ 2002; 324:
1324–1327.

FOCUS ON ENTERIC DISEASE
Enteric infections due to viruses, bacteria, parasites, and
toxins may be transmitted via food and water and from
person-to-person (directly and indirectly). Currently, 10
enteric infections are notifiable in NSW: botulism, cholera,
cryptosporidiosis, giardiasis, haemolytic uraemic
syndrome, vero-toxigenic E. coli infections, hepatitis A,
hepatitis E, listeriosis, and salmonellosis (including typhoid
or paratyphoid).

Ms Jennie Musto has joined the Communicable Diseases
Branch as epidemiologist for enteric infections. Future
editions of the NSW Public Health Bulletin will include
summaries of the surveillance for enteric infections.
Readers’ comments or suggestions for the content of this
section would be appreciated. 
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FIGURE 2

REPORTS OF SELECTED COMMUNICABLE DISEASES, NSW, JANUARY 1997 TO JULY 2002,
BY MONTH OF ONSET

These are preliminary data: case counts for recent months may increase because of
reporting delays. Laboratory-confirmed cases, except for measles, meningococcal disease
and pertussis.

cases cases
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<5 7%
5–24 28%

25–64 52%
65+ 13%

Rural*  42%

May–Jul 02
Male 48%

<5 <1%
5–24 12%

25–64 75%
65+ 12%
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