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Preface

Australia: State of the Environment 19@6e first ever independent and comprehensive assessment

of the state of Australia’s environment) was presented to the Commonwealth Environment Minister

in 1996. This landmark report, which draws upon the expertise of a broad section of the Australian
scientific and technical community, was prepared by seven expert reference groups working under
the broad direction of an independent State of the Environment Advisory Council. While preparing
the report, the former Department of the Environment, Sport and Territories commissioned a
number of specialist technical papers. These have been refereed and are being published as the
State of the Environment Technical Paper Series. Reflecting the theme chapters of the report, the
papers relate to human settlements, biodiversity, the atmosphere, land resources, inland waters,
estuaries and the sea, and natural and cultural heritage. The topics covered range from air and water
quality to seagrasses and historic shipwrecks.




Abstract

This paper reviews what was known about the impacts of outdoor air quality on human health until
June 1995. Some overseas studies had found a relationship between the levels of several pollutants
in the outdoor air and death rates, attendances at hospital emergency departments, hospital
admissions, respiratory symptoms, use of medication for respiratory disease or lung function.
Compared with overseas information, Australian information was limited. The level of many
outdoor pollutants are generally lower in Australia than many overseas countries, but the finding
that the relationship between level of total suspended particulates, sulphur dioxide or ozone and
some health effects may possibly hold over a wide range of concentrations may have implications

for Australia.

Further knowledge is needed about the size of the effect from exposure to low level of pollutants
over a long period of time; the level to which air pollutants should be reduced to provide a

completely ‘safe’ background level for diseased and healthy populations; and both the benefits and
costs of reducing air pollutants to various levels. A consensus on the methodology to be employed
in future studies will ensure comparability between them. A program should be designed to explain
to the community and respiratory disease patients the nature of the risks to health from air quality

and how these can be avoided.

How does Australian data on air quality and

Summary ©  How _
‘significant’ ‘adverse’ health effects compare with
This paper reviews the state of knowledge of the impacts  overseas data?
of air quality on human health in Australia up until June
1995 for the 1996 State of the Environment report. It also
identifies possible methodologies for the quantification of

the impacts of air quality on human health.

What methodologies could be used to quantify
‘significant’ ‘adverse’ health effects of air quality?

e What deficiencies in current data collections limit the
The specific questions addressed by the paper are:

What is currently known about the association
between ‘significant’ ‘adverse’ health effects and .
‘real world’ air quality in Australia in urban and rural
areas?

Are any of the associations between ‘significant’ «
‘adverse’ health effects and ‘real world’ air quality in
Australia likely to represent a causal relationship and,

if so, what is the magnitude of the effect?

What overseas data are there on associations between
air quality and human health?

How relevant are overseas data on associations
between air quality and human health to Australian
conditions?

development of quantitative relationships between air
quality and human health?

What gaps exist in the current knowledge base about
the impacts of air quality on human health in
Australia?

What are the options for the development of suitable
indicators or indices of the impacts of air quality on
human health in Australia?

What is the cost of respiratory disease in Australia
and the possible impact of improving air quality?

What should be the key elements of a community
education program about the health risks from air
quality?

The paper focuses on the epidemiological studies of
human health impacts of the quality of outdoor air. It does




not focus on the quality of air in specific occupational ormany overseas countries, but the finding that the
indoor locations. Animal studies and experimentsrelationship between level of total suspended particulates,
involving exposure of volunteers to pollutants are also Nokulphur dioxide or ozone and some health effects may

a focus of this paper. Experiments involving exposure ofyossibly hold over a wide range of concentrations may
volunteers to pollutants have been the focus of at least twg,e implications for Australia.

published reviews. Because air quality has changed in

Australia and many overseas countries with time, this,

paper concentrates on studies conducted in the late 198§§ud|es following the health of children and adults with or

and 1990s. The paper also concentrates on thosvé/'thom respiratory disease living in similar environments

pollutants which are regarded as indicators of general aipUt di.ffering.irr air quality oyerl a n.umber. of Years WC?UId
quality (class one indicators). help in deciding whether it is air quality itself which

affects health. If a relationship between air quality and

The paper appraises epidemiological studies of thdoss of lung function or a speeding up of the rate at which
relationship between air quality and health using theung function is usually lost with ageing could be
criteria usually employed by epidemiologists when established, this would allow the effect of air quality on
appraising studies purporting to establish whether there igealth to be measured. Proof that air quality has a harmful
a causal relationship between two events such as effect on health depends on showing that deliberately
difference in air quality and a difference in health. changing the quality of air leads to an improvement in
health.

Some Australian studies have found a relationship

between the levels of pollutants in the outdoor air andaustralian information on the relationship between air
death rates, attendances at hospital emergencyyality and health would be particularly valuable to people
departments or hospital admissions. The relationships aifying to measure the impact of air quality on health if
sometimes difficult to interpret because some of thethere was an agreement on the aspects of health to be

StUd'eSdf?'lfhd to ”ei(C“tJde thel,kp?si'b'r:'ty tE_ath pegpli’ﬁtudied as well as agreement over those aspects of ail
e€xposed to the pofiutants were fikely o have higher dea uality to be studied. There should also be agreement ovet

rates, attendances at hospital emergency departments Qr . . : )
] . . the way in which air quality and health are to be measured

hospital admission rates anyway because of their lower i . i ,
nd over the information to be collected if alternative

socio-economic status and their including a greatena X ' ] ] )
proportion of smokers. explanations for a relationship between air quality and

health other than a causal one are to be ruled out. This

As in Australia, some overseas studies have found 4/ould ensure comparability between studies.

relationship between the levels of several pollutants in the

outdoor air and death rates, attendances at hospit&iurther knowledge is needed about the size of the effect,
emergency departments, hospital admissions, respiratory any, which air quality has on health in the ‘real world’,
symptoms, use of medication for respiratory disease oparticularly exposure to a low level of pollutants over a
lung function. A number of these studies have found thatong period of time. Further knowledge is also needed
the greater the level of several pollutants in the air, mosibout the level to which air pollutants should be reduced
often total suspended particulates, sulphur dioxide Oko provide a completely ‘safe’ background level for
ozone, the greater was the death rate, hospital admissiongiseased and healthy populations and both the benefits anc

emergency room attendances or respiratory symptoms igggyq of reducing air pollutants to various levels.
healthy or diseased populations. This relationship

between the level of total suspended particulates, sulph
dioxide or ozone and some health effects was found ov
a wide range of levels in some studies.

thhe design of a program to explain to the general public
tlhe nature of the risk to health from air quality, the benefits
that might arise from reducing these risks, the approaches
Compared with overseas information, Australian available for aergssing the risks' including doing ngthing,
information sometimes suffers from inadequate measure@nd the uncertainties about the risks and the benefits from
of outdoor air quality and a failure to exclude alternativetheir reduction should be a two-way process between
explanations for the relationships found between outdooréxperts’and the community. The program should include
air quality and health, other than that outdoor air qualityinformation on  strategies which the community and
causes harmful effects on health. The levels of manyespiratory disease patients can use to avoid exposure tc
outdoor pollutants are generally lower in Australia than inhigh levels of air pollution.







1  Causal relationships in (d)

epidemiological studies of air .
quality and health

This paper is concerned with epidemiological studies, the
main aim of which have been to identify any associations
between air quality and health. The paper therefore
appraises these studies using the criteria which
epidemiologists usually employ when appraising studies
purporting to establish whether there is a causal

External validity - generalisation of the results

Could the study results be applied to the eligible
population?

Could the study results be applied to the source
population?

Are the results plausible in terms of a biological
mechanism?

Is any major effect coherent with the distribution of
air quality and health?

relationship between two events such as a difference in ait.2 ~ Data abstracted from published

quality and a difference in health.

papers

Because outdoor air quality in Australia, as in many other
countries, has changed in recent years, the paper focuset
mainly on studies of air quality and health undertaken in

1.1 Assessment of causation in
studies of air quality and health

the late 1980s and 1990s.

The questions epidemiologists usually ask of studies

The paper also focused,

although not exclusively, on papers published in refereed

examining the relationship between air quality and healﬂ]ournals. However, it must be acknowledged that papers

are listed below (modified from Elwood 1988).

of original studies, which by June 1995 had only appeared

in conference proceedings, would have been excluded.

(@) Description of the evidence

¢ What was the difference in air quality?

The following types of information were abstracted from

the published papers. It is arranged into three parts:

e What was the health effect?
e What study design was used?

«  What population was studied? *

. What was the main result?

a description of the evidence
a consideration of non-causal explanations

a consideration of causal

relationships.

explanations for

(b) Internal validity - consideration of non-causal 1.2.1 Description of the evidence

explanations

Were th it bet . lit dh ItIn abstracting information about studies into relationships
ere the associafions between air quaiily and hea %etween air quality and health, the following framework

likely to be affected by observation bias?

was used to describe the evidence collected from researct

*  Were the associations between air quality and healtlstudies and published papers.

likely to be affected by confounding?

1
e  Were the associations between air quality and health
likely to be affected by chance variation?

(c) Internal validity - consideration of positive features
of causation

e« Was there a correct time relationship between the
differences in air quality and health?

e Was the relationship between air quality and health
strong?

* Was there a dose-response relationship between ajr
quality and health?

«  Were the associations consistent within the study?
e Was there any specificity within the study?

Differences in air quality studied used data abstracted
on:

(a) the aspects of air quality studied
(b) the measurements made

(c) whether exposure of subjects to air of a particular
quality was assessed at the level of the Country,
State or Region; small area; place of residence,
work or schooling; or the individual

(d) the meteorological conditions under which the
effects of air quality on health were studied.

Health effects studied used data abstracted on the

basis of:

(a) the aspects of health studied
(b) the measurements made




(c) whether the information was collected from whether such hypotheses are correct. It is not possible to
subjects themselves or from parents or proxies. link exposure to air of a particular quality and a health
3 Study design used effect at the level of the individual. There may also be
differences between populations other than differences in
Hennekins et al. (1987) as: air quality that might account for an observed difference in
health. Such differences cannot easily be taken into

@a corre!atlonal study if data were cgllected atthe,count using data which have been collected at the
population level to compare air quality and health population level.

between different populations or sub-groups
within the same population over a particular
period of time or in the same population at
different points in time

The study designs were classified according to

Since their health and the air quality to which they were
exposed are assessed in subjects at the same point in time,
cross-sectional surveys cannot always distinguish whether
(b) a cross-sectional survey if data were collected afhe exposure to air of a particular quality preceded the
the subject level rather than the population levelyeyelopment of the health effect or whether the health
about their health and the air quality to which effect led to a change in the quality of the air to which the
they were exposed and both at the same point iy piects exposed themselves. For air quality that is
time constant over time and subjects who do not change their
(c) a case-control study if a group of subjects with aplace of residence, schooling or work, the cross-sectional
particular health effect and a comparison group ofsurvey may provide evidence of a causal relationship.
subjects without that health effect were selected
for investigation and the proportions of subjects in An association between a health effect and air quality can
the two groups exposed to air differing in some pe tested for causality using either a case-control or cohort
aspect of quality were then compared study. Cohort studies enrol subjects who are initially
(d) a cohort study if subjects were classified on thehealthy and observe the subsequent development of a
basis of being exposed or not exposed to air of ehealth effect over time and is best suited to investigations
particular quality and then followed for a period of common health effects that will accrue in sufficiently
of time to determine how often an effect on healthlarge numbers over a reasonably short period of follow-up.
of interest developed in each group.

4  Populations studied 1.2.2 Consideration of non-causal
Data were abstracted on the basis of: explanations

(b) eligibility criteria by which subjects were selected
for the study

(c) the response rate among eligible subjects.

(a) the statistical significance of associations between
differences in air quality and differences in health
effects sought in the study to exclude chance as an

5 Main result: explanation;

Data were abstracted on the measure, direction angh) the confidence limits on the magnitude of

statistical significance of associations between  associations between differences in air quality and

differences in air quality and differences in a health differences in health effects to exclude chance as an
effect sought in the studies. explanation;

any differences or bias in the way in which

information was obtained from the different groups

in the studies which may have led to an inaccurate
relationship between air quality and health;

Data were abstracted on those constituents of air used 5%)
indicators of the general quality of air. These included
particulates, sulphur dioxide, nitrogen dioxide, ozone (the
major photochemical oxidant) and carbon monoxide. An
up-to-date and readable account of the nature of aitd) confounding factors that may have been associated
pollution in Australia can be found in Streeton (1990). with exposure to air quality and, independently of
exposure to air quality, the health effect and which
Hennekins et al. (1987) provided a clear description for ~ May have led to an inaccurate relationship between
the non-epidemiologist of how correlational studies can @ quality and health;
generate hypotheses about the relationship, say, betwed¢a) the extent to which studies considered and controlled
air quality and health, but they are not useful for testing for such factors.

10



Whilst epidemiological studies may provide information biased in the direction of being either more or less extreme
about the relationships between air quality and health as than the true association.

exists in the real world, they can never achieve the degree

of control that is possible in laboratory studies. While an1.2.3 Consideration of positive features of
association between air quality and health found in an causation

epidemiological study may be accurate, it is also possible

that the association was due to chance, bias in the way ihhe following data were abstracted to evaluate positive

which the observations were made or inadequate contrdfatures of causation in relationships between air quality
of confounding factors. and health in the studies reviewed:

. o o (&) whether it was clear that the exposure to air of a
An appropriate test of statistical significance can quantify particular quality preceded the health effect by a
the degree to which chance may account for associations period of time consistent with any proposed

between air quality and health observed in an biological mechanism
epidemiological study. However, the test result reflects not(b)
only the magnitude of the difference in health between
groups exposed to air of different quality but also the size 4, merely to the effect of an uncontrolled
of the groups. Confidence limits were abstracted because, confounding variable
as.Henr'1ek|n's etal. (1987) explalngd very We” for the non;c) whether there was a gradient between the risk of an
epidemiologist, they are a more informative measure o .
- S adverse health effect and the degree of exposure to air

the role of chance than are tests of statistical significance. ; .

. o of a particular quality
The narrower the confidence limits, the smaller the ) ] o
variability in the estimate of the health effect, reflecting (4) Whether there was consistency in the associations
larger group sizes. The wider the confidence limits, the Lour;(:] between air quality and different aspects of
larger the variability in the estimate of the health effect, ealt - o
reflecting smaller group sizes. Narrow confidence limits(€) Wwhether there was any specificity in the associations
imply that the observed effect of air quality on health is ~ between air quality and health.

likely to be real whereas a wide interval suggests that tht%h fad lationshio bet .
groups were simply not large enough to have sufficient e.presence of a dose-response relationship be yvegn ‘.3”
uality and health does not mean that the association is

statistical power to conclude that chance was not a Iikel;ﬂ
. L one of cause-and-effect and conversely, the absence of ¢
explanation of the findings.

dose-response gradient does not mean that a cause-anc

) , effect relationship does not exist. Hennekins et al. (1987)
Observer bias may have arisen from the researchelgyained how on the one hand an observed dose-respons

eliciting or interpreting information on health effects, or relationship may merely reflect the effect of an
exposure to air of a particular quality in the groups being,ncontrolied confounding factor but on the other hand, a
compared differently (interviewer bias). Alternatively the dose-response relationship may be masked by an inability
study subjects themselves may have reported health, quantify air quality, say, sufficiently to distinguish
effects in a non-comparable way (recall bias). Recall biagetween risks of an adverse health effect associated with
may have arisen because subjects exposed to air of @ferent levels of air quality. Hennekins et al. (1987) also
particular quality or having an adverse health effect wergyescribed how the relationship between air quality and
likely to remember their experiences differently from negjth, for example, may demonstrate a threshold
those not so affected. phenomenon where no effect on health is present until a
certain level of air quality is reached.
Inaccuracies in the collection of air quality and health data
are inevitable. Hennekins et al. (1987) provided a clearhe paper considers the extent to which chance, bias anc
explanation of how this can occur. For example, when theonfounding factors can be excluded as alternative
proportion of accurate data is the same in all groupsxplanations for associations between air quality and
exposed to air of differing quality, then the effect of suchhealth found in epidemiological studies in Australia and
random misclassification will only minimise the overseas. The paper then considers whether the
differences between the groups, resulting in an undeassociations can be judged to be ones of cause-and-effec
estimate of the true association between air quality andn the basis of the time sequence between exposure to ai
health. In contrast, if the proportions of incorrect data areof a particular quality and a health effect, and the strength,
different in a group exposed to air of a particular qualitygradient, consistency and specificity of the associations
the estimate of the effect of air quality on health can bdound.

the strength of the association between air quality and
health and the likelihood that a weak relationship was

11



2 Associations between health The level e_lt ;:th;Ch the qugliﬁy oLthe outdoor a(ijr to which .
. - persons might be exposed has been measured or estimate
effects and outdoor air qua“tv n has varied from study to study. Some investigators have

Australia used isopleth maps based on fixed monitoring stations to

estimate the level of pollutants at the centroid of Local

This section deals with the appraisal of studies conducteg o ernment Areas (Anonymous 1994) or even at the
in Australia during the late 1980s and 1990s (up t0 JUn§ome address or school (Hunt and Holman 1987), whilst

1995). The main aims of these studies have been tgher investigators have used measurements at the
identify any associations between outdoor air quality a”dmetropolitan level.

health.

2.1.2 Health effects studied
The New South Wales Department of Health has
established a program of research into air quality and he health effects which investigators have chosen to
health, the results of which will be published in the nearstudy in Australia have varied from study to study. Some
future (HARP 1994). The studies include two cohorthave chosen to study ‘hard’ outcomes such as all-cause
studies. One will examine the effects of air quality onand disease-specific mortality. Others have studied all-
several hundred primary school children from Sydney incause and respiratory disease admissions to public
which fixed air monitoring stations close to the school ofhospitals, attendances at emergency departments for
each child will provide daily measures for air pollutants @sthma, still others lung function, intermediate
and peak expiratory flow rates (PEFRs), symptoms andphysiological outcomes such as bronchial hyperreactivity.
medication usage will be recorded. The other cohort studySofter’ outcomes such as respiratory symptoms and use
will document changes in lung function and symptomsOf medication have also been studied. Respiratory
over time in symptomatic children from the industrial SYmptoms were most often collected on children from
regions of the Hunter and lllawarra areas. A number ofheir parents using a questionnaire. Lung function and
other correlational studies of air quality, including that Pronchial hyperreactivity were often performed using
during bushfires, and hospital attendances and admissiori§@ndard techniques.  Bronchial hyperreactivity was
with asthma, attendances at general practices with asthmg€fined as a fall in forced expiratory volume (FEV), or
lung function and bronchial responsiveness in primary”EF in younger children, of 20 per cent or more during a
school children and PEFR in asthmatics are alsdliStamine challenge.

underway. )
2.1.3 Study design used

Table 1 summarises the studies in terms of the populationg o rejational and cross-sectional studies comprised most

studied, the differences in outdoor air quality and healthys ihe studies of outdoor air quality and health in Australia
effects investigated, the main results found and the eXte’Huring the late 1980s and 1990s.

to which non-causal explanations for associations found or
features of the associations themselves might or might ncp 1 4 Populations studied
favour a cause-and-effect relationship.
Most investigators chose to study metropolitan or urban
21 Description of the evidence popglations. School children w.ere the most frequently
studied sub-group of the population.
2.1.1 Differences in air quality studied

2.1.5 Main results
The aspects of outdoor air quality which investigators

have chosen to study in Australia have varied from studyl’he most recent cohort study up to June 1995 (Henry et al.
to study. Some investigators have chosen to study th&991(b)) chose to investigate the impact of maximal daily
effects of several ‘pollutants’ whilst others have chosen toSQ; and NQ concentrations in the air on symptoms and
study only one or two ‘pollutants’. Some have not beenuse of medication reported daily by asthmatic children.
specific about the aspect of outdoor air quality studied.This study found no association.

The measure of outdoor air quality which investigators

have chosen to use in Australia has also varied from studyhe most recent case-control study up to June 1995 (Hunt
to study. Table 2 is an example of how the aspect oind Holman 1987) investigated the impact of annual mean
outdoor air quality chosen and the measure of air qualitysO, concentrations and hours on which the ,SO
used has varied in Australia between studies. concentration exceeded an arbitrary critical value of 486

12



g/m? at home and/or school on hospital admissions for2,2.3 Confounding

asthma in children and adults. This study found no
association. One of the studies was unable to exclude a factor such as

smoking, which might be associated with mortality and

The most recent cross-sectional studies up to June 1gggsidence in more ‘polluted’ Local Government Areas as

(Halliday et al. 1993: Henry et al. 1991(a)) chose 102" alternative gxplanatlon for the asspmaﬂons found
. between mortality and outdoor air quality (Anonymous
compare the prevalence of respiratory symptoms, lun

. . . . ) ) g.L994). Similarly Christie et al. (1992) were unable to
function and bronchial reactivity in children who lived in control for socio-economic status and smoking. Both of
a town near power stat!ons compared with those I|vmg. "Mhese factors might be associated with distance of place of
other towns. Both studies found greater odds of reportingacidence from an industrial source and admission to

current wheeze among children resident in the town Neghublic hospitals. Henry et al. (1991 (a) (b)) and Halliday

power stations. et al. (1993) were unable to control for meteorological
factors and pollen. These may have differed between

The most recent correlational studies up to June 199%owns near and away from power stations and they might

found a positive association between mortality frombe associated with the reporting of wheeze in children.

respiratory and other diseases, and the estimated

concentration of several ‘pollutants’ at Local Government2.2.4 Features of associations

Area level (Anonymous 1994); between admissions with i
asthma and NOlevels (Abramson et al. 1994); between Abramson et al. (1994) and Rennick and Jarman (1992)

attendances of children with asthma at a hospitafNere able to show that the days on which,N@d the

. . Airborne Particulate Index exceeded acceptable levels
emergency department and the Airborne Particulate Index . . . .
eceded increased admissions to hospital with asthma

(Rennick and Jarman 1992); and between all-cause a apd attendances of children with asthma at a hospital

respiratory disease admissions to hospital and distance ol ergency department respectively. The cross-sectional
place of residence from an industrial source of unspecmegtudieS and other correlational studies were unable to

pollutants (Christie et al. 1992). demonstrate that mortality, hospital admission and

reporting of current wheeze preceded the exposure to
2.2 Consideration of non-causal ‘pollutants’ by the nature of their design.

explanations . _

Many of the associations found between the various health
2.2.1 Chance effects and aspects of outdoor air quality were weak.

Children resident in the town near the power stations had
The greater odds of reporting current wheeze amongn|y an odds of 1.9 (95 per cent confidence limits 1.4 to
children resident in the town near power stations tharp g8) of reporting current wheeze. The association between
elsewhere (Halliday et al. 1993, Henry et al. 1991(a)) washe Airborne Particulate Index exceeding its acceptable
statistically significant and the confidence limits were value of 2.35 and increased attendances of children with
narrow suggesting that the association was unlikely taasthma at a hospital emergency department was also weak
have arisen by chance. Anonymous (1994), Rennick an#iowever, there were 3.1 additional hospital admissions
Jarman (1992) and Christie et al. (1992) did not publishwith asthma for every 0.01 ppm increase in,NO
confidence limits on their regression and correlation

coefficients. None of the associations between the aspects of outdoor
air quality and health effects studied showed evidence of a
2.2.2 Bias dose-response relationship between the two, with the

exception of the associations between outdoor air quality
A possible explanation for the association found betweemnd mortality (Anonymous 1994), and h@nd hospital

air quality and wheezing may be a difference in theadmissions with asthma (Abramson et al. 1994).
reporting of current wheeze between the parents of

children living in the town near the power stations andThe associations found between outdoor air quality and
those living elsewhere (Henry et al. 1991(a) (b), Hallidaymortality (Anonymous 1994) were not specific for only
et al. 1993). Such a difference would have produced athose diseases for which there would be expected to be ar
inaccurate association between air quality and wheezingssociation. This suggets that the associations might have
in children. been confounded by uncontrolled factors.
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3 Associations between health e  particulates and malighant neoplasms in women but
. . not in men

effects and outdoor air qua"tv e ozone and Chronic Obstructive Airways Disease

overseas - Europe and elsewhere (COAD) in men but not between other respiratory

. . . . } diseases or in women
This section appraises studies, undertaken outside

Australia in the late 1980s and 1990s (until June 1995)7
which have tried to identify any associations betweer® Particulates and ozone and some respiratory
outdoor air quality and health. symptoms

e particulates and lung function, most frequently in
Table 3 summarises the studies in terms of the populations ~a@sthmatic children or in adults and smokers with air
studied, the differences in outdoor air quality and health ~ flow limitation.
effects investigated, the main results found and the exten]t

. . . he cross sectional studies commonly found associations
to which non-causal explanations for associations found or . )
in school children between particulates or gases and

features of the associations themselves might or might n(?'tespiratory symptoms and between lung function and
favour a cause-and-effect relationship.

smoke and asthma

3.1 Description of the evidence Correlational studies which have investigated the

relationship between outdoor air quality and mortality
found no association between outdoor air quality and all-
gause mortality except at high levels of sulphur dioxide

The aspects of outdoor air quality studied, as well as th H ios 1 "
measure of outdoor air quality used, have, as in Australisd"d temperature. However, such studies found a positive

varied from study to study. association between:

3.1.1 Differences in air quality studied

) e sulphur dioxide concentrations and lung cancer
3.1.2 Health effects studied mortality, at least in men

total particulates and specific circulatory and

. ...
These ranged from all-cause and disease-specific . :
respiratory diseases

mortality, all cause and/or respiratory disease-specific . _
hospital admissions or emergency department between outdoc_)r air quality and neonatal and post-
attendances, respiratory symptoms, use of respiratory ~eonatal mortality.

disease medication, lung function and bronchial reactlvny,l.he correlational studies which had investigated the

relationship between outdoor air quality and symptoms, or
hospital attendances and admissions, commonly found
Sassociations in healthy school children, as well as in

3.1.3 Study designs used

As in Australia correlational and cross-sectional studie tomatic children bet ]
comprised most of the European studies of air quality andYmptomatic chiidren between:
health, but there was a far larger proportion of cohorte  particulate matter and respiratory symptoms

studies. « particulates, sulphur dioxide and ozone and
) _ emergency room attendances.
3.1.4 Populations studied

Most overseas studies have focused on the health o:?'z Consideration of non-causal

metropolitan or urban populations with school children explanatlons
being the most frequently studied sub-group of the

. Factors which may confound cross-sectional and cohort
population.

studies include differences between groups being
compared in sex, age, atopy, family history of asthma,
passive smoking, smoking, socio-economic status,
education, maternal and paternal employment, use of gas
or coal for cooking or heating, household crowding, and
« outdoor air quality and mortality from lung cancer occupational exposure in adults all of which may be
and cardiopulmonary disease but not all-causeassociated with respiratory disease. Correlational studies
mortality may be confounded by temperature, humidity, wind speed,

3.1.5 Main results

The cohort studies found associations between:

17



influenza, year, season, month, day of week, socio-
economic status and occupational exposure. The extent to
which the studies took account of confounding factors
varied, but no observational study can take account of all
confounding factors.
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4 COmparison hetween Australian It is difficult to know whether the associations found in

Australian studies between outdoor air quality and
and overseas data on health mortality, hospital admissions or emergency department

effects of outdoor air qualitv attendances for respiratory diseases in adults and children
and respiratory symptoms, particularly current wheezing
Australian data on outdoor air quality and health compareg, chjldren, are due to causation or some other explanation
poorly with overseas data. such as confounding or bias in the way in which the data
were collected.
Up to June 1995, there had been only one cohort study of
the impact of outdoor air quality on health conducted inoytdoor air quality is different in Australia and has been
Australia (Henry et al. 1991(b)) so there were little data onyssessed differently and under different conditions to that
the impact of outdoor air quality on the health of thej other countries. Caution is therefore required in
Australian population followed over a number of years.extrapolating to Australia from overseas data on the health
This study involved children with asthma and examinedimpact of outdoor air quality. Table 4 summarises the
the effect of sulphur dioxide and nitrogen oxides on thegytdoor air quality to which subjects overseas happened to
reporting of symptoms and use of medication. Overseage exposed when epidemiological studies of the impact of
cohort studies involved adults and school children inoutdoor air qua“ty on health were conducted. This table
general and examined the effects of multiple aspects ofhould be read in conjunction with Table 3. It should be
outdoor air quality including particulates and ozone onngted that some of the studies used different measures o
mortality and lung function as well as symptoms. outdoor air quality when describing the air to which
communities were exposed than they used when analysing
Cross-sectional studies in Australia involved only childrenthe relationship between outdoor air quality and health.
and had not measured the actual exposure of the childrebnly a small number of the overseas studies have used
to ‘pollutants’ (Henry et al. 1991(a), Halliday et al. 1993). measures to describe the quality of the outdoor air (to
Overseas cross-sectional studies also concentrated avhich their communities were exposed) which are directly
children but measured the exposure of children to aomparable to the measures which have been used tc
number of pollutants including particles and ozone. describe outdoor air quality in Australia. The reader needs
to be aware of the bias which will be introduced in
The only Australian studies to have examined exposure tgverseas and Australian comparisons by being able to use
a number of pollutants by June 1995 had beerPnly @ small proportion of overseas data.
correlational studies (Rennick and Jarman 1992,
Abramson et al. 1994, Anonymous 1994). The cohort and’he Australian guideline for Total Suspended Particles
case-control studies measured exposure to only th€TSP) is an annual mean concentration of 90 pg/m3.
nitrogen oxides and/or sulphur dioxide (Hunt and HolmanSome of the epidemiological studies conducted in the
1987, Henry et al. 1991(b)). Policy analysts wantingUSA and Canada have examined the health of populations
recent information on the health effects of multiple exposed to air where the annual mean TSP concentratior
pollutants, including particles and ozone, will have to rely has been known.
largely on recent overseas data.
Dockery et al. (1993) found no association between
The health effects investigated by Australian studiesannual mean TSP at levels below the Australian guideline
included mortality, all-cause and respiratory diseaseand mortality, although they did find an association with
hospital admissions or attendances, respiratory symptom#)e fine particles concentrations. Buffler et al. (1988)
lung function, bronchial reactivity and use of medication.found only a weak association between lung cancer
Because of the different populations and exposuregnortality and TSP levels below 90 pg/nThurston et al.
studied it will be necessary to glean the following from (1994) found no association between hospital admissions
overseas studies: and emergency department attendances and summer mea
TSP levels below 90 pg/m3. Ware et al. (1986) conducted
* information about the impact of outdoor air quality heir study in a community with an annual mean TSP
on cancer incidence; hospital admissions orconcentration of 32 to 163 pgfand found an association
emergency department attendances for specifigepween the daily average concentration of TSP and

diseases other than respiratory diseases frequency of cough and bronchitis but not lung function in
e respiratory symptoms or lung function in adults, childhood. Dockery et al. (1989) also found an
particularly the elderly. association between TSP concentration and cough and
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bronchitis but not lung function in communities whose morbidity in a community with a daily maximum sulphur
annual mean TSP concentration was below 90 jugitn  dioxide concentration below that of the LaTrobe Valley.
should be noted that Dockery et al. (1989) found noThe population in which the study of Tashkin et al (1994)
association between persistent wheeze or asthma and T8Rs conducted had a one hour maximum daily sulphur
concentration. The study by Tashkin et al (1994) wadglioxide concentration below that of the LaTrobe Valley.
conducted in communities exposed to annual mean TSRs noted above, they found an association between air
concentrations of 85 to 133 pg/m They found an quality and loss of lung function in males and non-
association between air quality and loss of lung function i,smoking females. However, the the effect of individual
males and at least non-smoking females, but the effect dpollutants’ could not be isolated.

the TSP themselves could not be isolated from that of

other pollutants. Streeton (1990) also published ozone concentration. The
one hour maximum ozone concentration was 0.197 ppm
Streeton (1990) has published sulphur dioxideor 394 pg/m
concentrations as found in Victoria’s LaTrobe Valley in
1989. The one hour maximum sulphur dioxide A number of the overseas epidemiological studies were
concentration was 0.12 ppm or 343 py/nThe twenty  conducted in communities exposed to air whose one hour
four hour maximum sulphur dioxide concentration wasmaximum concentration ozone was known. Neither
0.010 ppm or 286 ugfin Some of the overseas Katsouyannietal. (1993) nor Abbey et al. (1991) found an
epidemiological studies have examined the health ofssociation between one hour maximum ozone
populations exposed to air where the one hour or twentgoncentration and mortality in populations exposed to air
four hour maximum sulphur dioxide concentrations havewith a one hour maximum ozone concentration below and
been known. even above the level found Victoria respectively. Burnett
et al. (1994) did not find an association between one hour
Walters et al. (1994) found an association between dailynaximum ozone concentration and hospital admissions in
maximum sulphur dioxide concentrations during wintera population whose one hour maximum ozone
and hospital admissions for asthma in a populationconcentration was below that in Victoria. Hoek et al.
exposed to air for which maximum daily sulphur dioxide (1993), Higgins et al. (1990) and Spektor et al. (1988 (a)
concentration was below that found in the LaTrobe Valley.(b)) found an association between one hour maximum
There was a gradient between maximum daily sulphuozone levels and respiratory morbidity in three
dioxide concentrations and hospital admissions. A 10@opulations exposed to air with a one hour maximum
pg/nt rise in daily maximum sulphur dioxide ozone level below that found in Victoria.
concentration was estimated to result in four (95% C1 zero
to seven) more asthma admissions and 16 (95% C1 six Overseas studies suggest that exposure to air with TSP
25) more respiratory admissions each day. Sunyer et atoncentrations below the Australian goal for TSP
(1991) found a weak association between emergencgoncentration may be associated with respiratory
department admissions for COAD and sulphur dioxidesymptoms but not impaired lung function and, possibly
levels in a population exposed to air with a maximummortality. Overseas studies also suggest that exposure to
daily sulphur dioxide concentration whose value was orsulphur dioxide at concentrations found in Victoria may be
average below that of the LaTrobe Valley. Daily associated with hospital admissions for asthma and
emergency department admissions for COAD increasedespiratory disease and possibly respiratory symptoms.
by 0.01 to 0.02 for each microgram of sulphur dioxide.Overseas studies suggest that there may be an association,
Rossi et al. (1993) also found a positive associatiortoo, between exposure to 0zone at concentrations found in
between daily attendances for asthma attacks at a hospitdictoria and respiratory morbidity.
emergency department and daily maximum sulphur
dioxide concentration in a population exposed to air withwhen faced with conflicting results such as these, meta-
a maximum daily sulphur dioxide concentration below analysis is a useful statistical technique which can provide
that found in the LaTrobe Valley. an overall measure of health effects. Schwartz (1994b)
has undertaken such a meta-analysis of eleven studies
Jaakkola et al. (1991) found an association betweeconducted between 1976 and 1992 in Greece, the United
sulphur dioxide levels and symptoms in a community withKingdom and the USA into the impact of airborne particle
low daily maximum sulphur dioxide levels. However, concentration on mortality. Airborne particle
Higgins et al. (1990) found no association between on&oncentration was a significant risk factor for elevated
hour maximum sulphur dioxide concentrations andmortality. However, the relative risk was only 1.06.
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Table 4: Air quality investigated for health effects in some overseas studies

Source

Air Quality

Aspect

Value (ug/m3 or as shown)

MORTALITY

Dockery et al. Fine Particles * Average annual (range) 11-30

1993 TSP Average annual (range) 34-90
SO (ppb) Average annual (range) 2-24
NO; (ppb) Average annual (range) 622
Os (ppb) Average annual (range) 20-28

Schwartz and Dockery S@Qppb) Daily average 28

1992 TSP * Daily average 111

Abbey et al. Q(ppm) 1 hour maximum 10

1991 TSP 1 hour maximum 100

Buffler et al. TSP * Geometric mean (range) 59-84

1988

Mackenbach et al. SO Average daily 18

1993 (maximum 398)

Kurst et al. S& Average daily 22

1993

Katsouyanni et al. Smoke Average daily (range) 50-250

1993 Q Daily maximum (range) 75-250

Bobak and Leon SO Annual geometric mean 32

1992 NQ Annual geometric mean 35
TSP* Annual geometric mean 69

Knox TSP * Average daily (range) 10-50

1981

HOSPITAL ADMISSIONS AND EMERGENCY ROOM PATIENTS

Burnett et al. Sulphates * Average daily (range) 3.1-6.4

1994 Q (ppb) 1 hour maximum (range) 32-70

Thurston et al. TSP Summer average (range) 62-87

1994 Maximum (range) 121-180
PMio Summer average (range) 32-47

Maximum (range) 68-116

Os*(ppb) Maximum (range) 86-159

Schwartz et al. PM* Daily average 45

1993 Ozone (ppb) Daily average 25

Pope PMg* Annual average (range) <40-55

1991 Winter average (range) <60-95
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Table 4 (cont.): Air quality investigated for health effects in some overseas studies

Source Air Quality
Aspect Value (ng/m3 or as shown)
Walters et al. Smoke * Average daily 13
1994 Daily maximum 188
SO Average daily 39
Daily maximum 126
Montealegre et al. TSP Annual (range) 50-90
1993
Rossi et al. S@ Average daily (range) 10 (0-56)
1993 Daily maximum (range) 31 (1-241)
NO* Average daily (range) 13 (0-69)
Daily maximum (range) 39 (0-154)
TSP* Average daily (range) 18 (0-90)
Daily maximum (range) 39 (0-202)
H,S* Average daily (range) 3 (0-34)
Daily maximum (range) 15 (0-172)
Sunyer et al. SO Average daily (range) 0-61
1993 Smoke* Average daily (range) 0-77
Ponka S& Average daily 19
1991 NQ* Average daily 39
Cco* Average daily 1
Os* Average daily 22
TSP* Average daily 76
Sunyet et al. SO Average daily (range) 57 (17-160)
1991 Daily maximum (range) 142 (14-720)
Smoke* Average daily (range) 73 (39-310)
co* Average daily (range) 5.4 (0.4-42)
NO* Average daily (range) 124 (6-536)
Os* Average daily (range) 63 (2-253)
RESPIRATORY SYMPTOMS/LUNG FUNCTION
Tashkin et al. Se(ppm)* 1 hour maximum (range) 0.01-0.04
1994 Oxidants (ppm)* 1 hour maximum (range) 0.04-0.12
NO, (ppm)* 1 hour maximum (range) 0.03-0.11
SO Daily average (range) 4-11
TSP* Annual geometric mean 85-133
(range)
Pope and Kanner Pivt Daily average 55
1993 Maximum 181
Koenig et al. PMs* Weekly average (range) 5-45
1992
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Table 4 (cont.): Air quality investigated for health effects in some overseas studies

Source Air Quality
Aspect Value (ug/m3 or as shown)
Pope et al. PM* Daily average (range) 29-134
1991 Maximum 200
Higgins et al. PMy Daily average 59
1990 Q* (ppb) 1 hour average 87
1 hour maximum 245
NO, (ppb) 1 hour average 40
1 hour maximum 11
SG; (ppb) 1 hour average 4
1 hour maximum 8
Dockery et al. TSP* Annual mean (range) 34-80
1989 PMs* Annual mean (range) 20-59
PM, s Annual mean (range) 12-37
SO* Annual mean (range) 4-28
Os* Annual mean (range) 22-38
NO* Annual mean (range) 7-23
Spektor et al. & (ppb) 1 hour maximum (range) 40-120
1988
Ware et al. TSP* Annual average (range) 32-163
1986 SQ Annual average (range) 3-184
Roemer et al. PM Average daily (range) 0-100
1993 SQ Average daily (range) 0-50
Corbo et al. S& Median daily (range) 39-97 (urban)
1993 Median daily (range) 25-50
(industrial)
Median daily (range) 0-5 (rural)
TSP* Median daily (range) 86—-248 (urban)
Median daily (range) 15-66
(industrial)
Hoek et al. ey 1lhour maximum (range) 50-250
1993
Tao et al. S Average daily (range) 100-162
1992
Von Mutius et al. S Average monthly (range) 0-350
1992 TSP Average monthly (range) 50-300
Zwi et al. Smoke* Winter average (range) 0-85
1990 SQ* Winter average (range) 0-43
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Table 4 (cont.): Air quality investigated for health effects in some overseas studies

Source Air Quality
Aspect Value (ug/m3 or as shown)
Jaakkola et al. SO Average daily (range) 9-23
1991 Daily maximum (range) 37-83
TSP* Average daily (range) 20-33
Daily maximum (range) 73-198
NO* Average daily (range) 15
Daily maximum (range) 48
H.S* Average daily (range) 2
Daily maximum (range) 42
Jaakkola et al. SO Average daily 10
1990
Goren et al. S Average daily (range) 3-22
1991 NQ (ppm)* Average daily (range) 3-26
CO (ppm)* Average daily (range) 20-640

* Association found between air quality and health. The measures used to describe the quality of the air to which a eaasmunity
exposed were not always the same measures used in the analysis of the relationship between air quality and health.

34



5 Methodological approaches to the an effect on health of interest developed in each group.

. . Cohort studies have the advantage over cross-sectiona
quantlflcatlon of health effects of surveys because they enable the investigator to collect

air quality reliable information on factors which might confound an

) ) . ~association between air quality and health. The
Appropriate and carefully conducted epidemiologicalj,estigator can also be sure that the health effect did

studies are needed to isolate and quantify any effect ofiow the exposure to air of a particular quality. Cohort
differences in outdoor air quality on the health of thegygies are best suited to investigate health effects of air
Australlan.populayon. .Ep|dem|olog|cal _stud|es are thequality which are common and which will accrue in
only studies which will enable the importance of g iciently large numbers over a reasonably short period
differences in real world air quality on the health of the of fo|low-up. Loss of lung function or an acceleration of
population to be assessed. It may be difficult e rate at which lung function is lost with time is an
extrapolate to the general population from studies ingpjective measure of the impact of air quality on health. If
which volunteers are deliberately exposed to pollutants of rejationship between air quality in Australia and loss or
animal studies. There may also be ethical problemsgccelerated loss of lung function were to be established
associated with the former. Experiments involving ihis would allow the quantification of the adverse effects
exposure of volunteers to pollutants have been the focus gf ajr quality. Subjects enrolled into such a cohort study
at least two published reviews (Abramson and Voigt 199144 pe those believed to be particularly susceptible to a

Marks 1994). difference in air quality such as asthmatics or patients with
other chronic air flow limitations.

Correlational studies comprise most of the studies of

outdoor air quality and health in Australia up to June 1995p,4¢ that any dose-response relationship between air

These studies have shown a relationship between outdog,ality and an adverse health effect is really due to air

air quality and mortality, and hospital admissions andqajity will depend upon demonstrating that deliberately

attendances at emergency departments for all-causes aEHanging the quality of the air leads to a reduction in
respiratory disease in children and adults. Unfortunately,qyerse health effects.

it is not easy to separate the effect of air quality from other
factors such as socio-economic status or meteorological
conditions which might go hand in hand with exposure to

air of a particular quality.

Cross-sectional surveys are the next most common studies
of outdoor air quality and health in Australia. These
studies have shown a relationship between outdoor air
quality and respiratory symptoms such as current wheeze.
Since respiratory symptoms and the quality of the air to
which subjects are exposed are assessed at the same point
in time, it is sometimes difficult to know whether exposure
to air of a particular quality did precede the onset of
symptoms or not. It is also necessary to separate the effect
of air quality from other factors which might differ
between subjects exposed to air of a different quality and
which might also impact on health. Such confounding
factors in studies of outdoor air quality include socio-
economic status, meteorological conditions, pollen count,
allergy, indoor air quality, and exposure to active or
passive smoking.

There have been few cohort studies of the impact of
outdoor air quality on health in Australia. In cohort
studies subjects are classified on the basis of being
exposed or not exposed to air of a particular quality and
then followed for a period of time to determine how often
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6 Limitations of current data There is no consensus or comparability between studies,
. . ig s too, on the confounding variables which need to be
collections in quamlfvmg considered in epidemiological studies of air quality and
associations between air quality health. One correlational study of outdoor air quality and
and health in Australia mortality controlled for socio-economic status only.
Another correlational study of outdoor air quality and
Epidemiological studies of outdoor air quality and healthhospital admissions controlled for neither socio-economic
conducted in this country up to June 1995 (Table 1) are o$tatus nor smoking, whilst another correlational study of
limited value in quantifying associations between outdooroutdoor air quality and attendances at a hospital
air quality and health in Australia. Specific limitations emergency department controlled for season and time of
include a lack of consensus on: year only but not meteorological variables or pollen count.
Cross-sectional studies of respiratory symptoms, lung
«  health effects or aspects of air quality to be studied function and bronchial reactivity among children in
different towns controlled for allergy, passive smoking,
and fathers’ occupation but not meteorological factors,
pollen count, or type of heating or cooking fuel. The
studies also varied in the way a particular confounding
« measurement of health effects, exposure or )
: factor was measured. The Ross Index of Social
confounding factors. . : .
Disadvantage was used as a measure of socio-economic

status in the correlational study of outdoor air quality and

Therg was an attempt to reach a coNsensus gbogt Whﬁ‘]tortality but father’'s occupation was used in other cross-
constitutes an adverse health effect of air quality in the,, iona1 studies of respiratory symptoms and lung
mid 1980s (American Thoracic Society 1985). Howeverg - tion in children

there needs to be a consensus among investigators on
which health effects should be studied to promote
comparability between studies. The health effects
investigated to June 1995 range from all-cause and disease
specific mortality, all-cause and respiratory disease
specific admissions to hospital, attendances at emergency
departments for asthma, respiratory symptoms, use of
medication, lung function and bronchial reactivity.
Consequently we have data on whether there is or is not an
association between outdoor air quality and mortality and
hospital admissions and attendances at emergency
departments in both adults and children. However, data
were available on the relationship between outdoor air
quality and respiratory symptoms, use of medication and
lung function in children only.

» confounding factors

There is no consensus or comparability between studies
on the aspects of outdoor air quality to be studied. The
aspects of outdoor air quality investigated so far range
from the concentration of sulphur dioxide alone through
sulphur dioxide and oxides of nitrogen to multiple aspects
such as sulphur dioxide, oxides of nitrogen, ozone, carbon
monoxide and particles. There is also no consensus, or
comparability between studies, on how a particular aspect
of outdoor air quality is to be measured. For example, the
measurement of sulphur dioxide used in studies varies
from 1 hour to 24 hour averages, through maximum daily
concentrations to number of hours or days above a ‘critical
value’ which itself varies.
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Gaps in knowledge base of the
impacts of air quality on health

population on which there is no information, such as
adults with COAD or the elderly.

Although there had been a number of epidemiologicalEPidemiological studies in Australia had found an
studies of outdoor air quality and health in Australia by@ssociation between outdoor air quality and mortality,
June 1995, there were a number of major gaps in oupospital admissions and attendances at emergency
knowledge base about the impact of outdoor air quality orflepartments, and, in children, with respiratory symptoms.

health. These gaps include:

Assuming that these are causal associations, there is som
but not a lot of information on the costs and benefits of
improving outdoor air quality in Australia.

impact of multiple ‘pollutants’ on respiratory
symptoms and lung function

* interaction between ‘pollutant’ and meteorological
effects

e impact of chronic exposure to low level ‘pollutants’

« safe background level for diseased and healthy
populations

»  cost-benefit of improving air quality.

Information exists on the relationship between multiple
pollutants and mortality, hospital admissions and
attendances at emergency departments from correlational
studies. However, there is little information on
associations between multiple ‘pollutants’ and respiratory
symptoms and lung function in children or adults.

There is some intriguing overseas evidence suggesting
interactions between gaseous pollutants and allergens
from epidemiological studies (Corbo et al. 1993) and
experimental studies (Molfino et al. 1991, Tunnicliffe et
al. 1994, Devalia et al. 1994). However, the public health
implications of these findings are not yet clear (Anto and
Sunyer 1995).

There is little recent information on the impact of multiple
‘pollutants’ on health under various topographical and
meteorological conditions.

There is also little information on the health impact of
exposure to low levels of ‘pollutants’ over a long period of
time.

There is little information, too, on the level to which

pollutants need to be reduced to provide a completely safe
background level for diseased as well as healthy
populations. Only one epidemiological study undertaken
by June 1995 had investigated the effect of outdoor air
quality on health in susceptible individuals, namely

asthmatic children. There are other sub-groups of the
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8 Options for the development of . TSP sulphur diogide and ozone Ieyels may be_z useful
suitable indicators of the impacts indicators of the impact of air quality on respiratory

symptoms
of air quality on human health in

Australia e TSP and sulphur dioxide levels may be useful
indicators of the impact of air quality on lung

Particulates, sulphur dioxide, nitrogen dioxide, ozone and  function.
carbon monoxide are used as indicators of the general
quality of outside air overseas. Section 3 of this paper haghere is no consensus that lung cancer, hospital
described how a number of overseas studies havgdmissions, respiratory symptoms and lung function are
demonstrated a dose-response relationship between levelge health effects which need to be included in studies of
of several of these pollutants in outside air (Mostthe impact of air quality, but it seems reasonable to assume
commonly some measure of total suspended particulateghat they would be among chosen health outcomes.
sulphur dioxide or ozone levels) and mortality, hospital

adm,ssmns or emergency department attendancgs Qfonducting epidemiological studies of the impact of TSP,
respiratory symptoms in healthy or diseased populations,hpyr dioxide and ozone levels on lung function,

Some studies have shown thgt the relationship between ﬂ?‘éspiratory symptoms, hospital admissions or lung cancer
level of ozone, sulphur dioxide or total suspendediy aystralia (taking into account the comments already
particulates and health extends over a wide range. made in Section 5) would appear to be an important option

for the development of suitable indicators of the impact of
Outdoor air quality is different in Australia. Caution is ajr quality on human health in Australia.

therefore required in adopting overseas indicators of the
impacts of air quality on health in Australia.

Australian guidelines for total suspended particles (TSP)
is an annual mean concentration of 90 pg/m3. Section 4
described how some overseas studies had found an
association between TSP at levels below the Australian
guideline and lung cancer mortality, frequency of cough
and bronchitis in children and loss of lung function in
adults.

Section 4 also described how some overseas studies had
found an association between sulphur dioxide
concentrations below those found in the LaTrobe Valley,
and hospital admissions for respiratory disease in general
or asthma in particular, emergency department admissions
for COAD or asthma, symptoms and loss of lung function.

Also described in Section 4 were studies which found an
association between ozone levels below those in the
LaTrobe Valley and respiratory morbidity.

Section 4 cautions against extrapolating from selected
overseas data. However:

e TSP levels in Australia may be an indicator of the
impact of air quality on lung cancer

e sulphur dioxide levels may be a useful indicator of
the impact of air quality on hospital admissions
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9 Health related cost-benefits of
improving air quality in Australia

The quality of outdoor air has been changing in Australia
over the years (Streeton 1990). Section 2 described hoW
the correlational studies undertaken in Australia by June
1995 had found a positive association between mortality
from respiratory and other diseases and the estimated
concentration of several ‘pollutants’; between attendances$
of children with asthma at a hospital emergency
department and the Airborne Particulate Index; and
between all-cause and respiratory disease admissions #0
hospital and distance of place of residence from an
industrial source of unspecified pollutants. Cross-
sectional studies found a greater odds of reporting current
wheeze among children resident in a town near power
stations.

Overseas data on the impact of air quality on health is
more extensive than that in Australia (Section 3). Air
quality is different in Australia and has been assessed
differently and under different conditions to overseas.
(Section 4). Caution is therefore required in extrapolating
to Australia from overseas data on the health impact of air
quality. However, overseas studies do suggest that
exposure to air with TSP concentrations below the,
Australian goal for TSP concentrations, may be associated
with respiratory symptoms. Overseas studies also suggest
that exposure to sulphur dioxide at concentrations found in
the LaTrobe Valley may be associated with hospital
admissions for asthma and respiratory disease, and
probably with respiratory symptoms. Overseas studies
suggest there may be an association, too, between
exposure to ozone at concentrations found in the LaTrobe
Valley and respiratory morbidity.

Obtaining data on the health effects of air quality is the,
first step in assessing the health benefits of changing al
quality in Australia. Epidemiological studies are neededt
in Australia to confirm the health effects found in overseas
studies of exposure to TSP, sulphur dioxide and ozone
levels which occur in Australia. This is because great care

[0)

dose-response relationship between daily maximurrbZ

sulphur dioxide concentrations and hospital admission
for asthma and respiratory disease. It is important to
establish whether there is a dose-response relationship
between exposure to TSP and respiratory symptoms;
sulphur dioxide and hospital admissions and respiratory
symptoms; and ozone and respiratory morbidity at the
levels of these ‘pollutants’ which occur in Australia.

Early studies in Europe (OECD 1981) of the costs of the
health effects of ‘pollutants’ suffered from the following
shortcomings:

having information on some health effects such as
mortality but not use of health services, disablement
or absence from school and work

information on long-term but not short-term
concentrations of ‘pollutants’

no information on whether there was a dose-response
effect between the health effect and the exposure to
sulphur dioxide or whether there was a threshold
level below which there is no health effect and if so
whether there was a dose-response effect above the
threshold level

no information on health effects at low levels of
exposure

no information on whether the effects of several co-
existing pollutants are mutually exclusive or
synergistic

no information on how the effects of ‘pollutants’ may
be modified by meteorological factors or
characteristics of the exposed pollution such as age,
social background, occupation, medical conditions
and leisure pursuits

little information on the extent to which the results
from animal or clinical studies can be extrapolated to
whole populations. Australia appears to be in this
situation.

Despite these limitations, attempts have been made in
Léurope to quantify the health effects of ‘pollutants’ in
erms of mortality and the cost of morbidity, out-patient
services and hospitalisations assuming a linear dose-
%sponse between the health effect and exposure to ¢

. ) : . pollutant’.
is needed in extrapolating from selected overseas studle§U

to Australia. Overseas studies suggest that there may be 2

In Australia, attempts have been made to

antify the effect of ozone on health in terms of the cost
asthma treatment and the savings from a reduction in
one levels (Guest et al. 1996). Further work on the costs
2nd benefits of improving air quality in Australia is
eeded.
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10 Risk communication strategies

A major element in managing the risks to health from air
quality is communication with the public about those risks
to health. .

Growing concern that risk communication was becoming
a major problem in the United States led to the chartering
of a National Research Council Committee to examine
possibilities for improving social and personal decision
making by improving risk communication. The report of
that Committee discusses the basis for successful risk
communication (Committee on Risk Communication
1989). ¢

Correlational studies undertaken in Australia found a
positive association between mortality from respiratory
and other diseases and the estimated concentration of
several ‘pollutants’; between attendances of children withe
asthma at a hospital emergency department and the
airborne particulate index; and between all-cause and
respiratory disease admissions to hospital and distance of
place of residence from an industrial source of unspecified
pollutants. Moreover, overseas studies suggest that there
may be associations between other health effects and
pollutants at the levels at which pollutants occur in
Australia.

Australia has not developed strategies for communicating
with the public about those possible risks to their health
from air quality. The Report of the National Research
Council's Committee on Risk Communication (1989)

contains very good advice on how such a risk
communication program should be developed.

In developing strategies for communicating the risks to
health from the quality of Australia’s air to the general

public, the following points need to be borne in mind .
(Committee on Risk Communication 1989).

* Risk messages are difficult to formulate in ways that,
are accurate, clear and not misleading. Placing the
risk to health from air quality in juxtaposition to a
more familiar risk may help Australians understand
the magnitude of the risk to health from air quality.
However, this may be misleading if it does not
specify the respective levels of exposure, focuses on
mortality and leaves out relevant non-lethal
consequences of air quality or uses language
unfamiliar to many Australians. The involuntary *®
nature of the risk should also be kept in mind. The
risks to health from air quality are likely to be
controversial. There is enough uncertainty in the

knowledge base of the health effects of air quality to
allow different experts to draw contradictory
conclusions.

A message about the risks to health from air quality
that is precise and accurate should not be so complex
that the general public will not understand it. On the
other hand, a message that the general public can
understand must not be so selective as to be perceived
by Australians as being inaccurate, incomplete or
manipulative.

Communication about the risk to health from
Australia’s air quality must not be a one-way process
between experts and the general public but an
interactive process between experts and the public.

The success of communication with the general
public must be judged by the extent to which it raises
the level of understanding of relevant issues about air
quality and health and satisfies the public that they
are adequately informed and not by the extent to
which the general public accepts the arguments of the
communicators about the health impact of air quality.

Communicating with the general public about the
risks to health of air quality may increase their desire
to participate in or otherwise influence decisions
about the control of those risks and the extent to
which this is possible should be thought through in
advance.

The health effects of air quality addressed in any risk
message should be important to the general public.

The information about the health effects of air quality
should not be slanted, distorted or misrepresented.

Messages about the health effects of air quality
should emphasise information about any practical
actions which the general public could take. Skov et
al. (1991) have described how people in Europe
modify their behaviour in response to air pollution
notifications whilst Ayres (1994) describes the action
which asthmatics could take.

Messages about the health effects of air quality
should not minimise the gaps which exist in
knowledge about the health effects of air quality in
Australia.

40



11 Other indicators of air qua"tv: Non-lymphocytic leukaemia is the health effect which has
benzene been found in workers in the synthetic rubber and

petroleum industries after long-term exposure to ‘high’

This paper has focused on those substances which at%vels of benzeng. Thg |(?W incidence of qukaemia in the
widespread in the urban environment and which are use€neral population will influence the choice of study
as an indicator of the general quality of the air. Sourced€Sign and the size of the population sample to be studied
specific wastes fall within a second class of indicators (PePartment of the Environment 1994; Canadian
Wastes which should be subject to particularly stringenE"Vironmental Protection Act 1993).

emission controls because of recognised carcinogenic,

mutagenic, teratogenic, highly toxic or highly persistentThe expert panel on air quality standards established by
nature comprise a third class of indicators. One of thdhe Department of the Environment in the United
class three indicators is benzene. The Atmospher&ingdom were unable to define an absolutely safe
Reference Group for the 1996 State of the Environmen€Xposure level for benzene (Department of the
report had asked that brief comments about the healtfnvironment 1994). For practical purposes the panel

effects of benzene in the air in Australia be included in thid®€lieved that an annual average concentration of 5 ppb
report because of public interest. could be proposed, based on the data from cohort studies

of workers exposed to benzene. At this level the risk of

Cigarettes and the combustion of petroleum fuels bwon—lymphggytic leukaemia even in young children is so
motor vehicle engines are the major sources of benzene finall that it is unlikely to be detected by any practicable

the air. Animal studies have shown that benzene exposuf@ethOd'
can lead to leukaemia through damage to genetic material

in cells. The only epidemiological studies of the health

effects of benzene in Australia, as overseas, had been of
people exposed to benzene in the workplace. By June

1995, there appeared to have been no studies of the effects

of benzene in the outdoor air on the health of the general
population in Australia.

Consideration needs to be given to whether an
epidemiological study of the impact of benzene in the air
on the health of the Australian population is worthwhile.

If so, then agreement needs to be reached on whether
benzene in the outdoor environment should be studied and
whether the study should be mounted in urban or rural
areas or both. Agreement also needs to be reached over
how the concentration of benzene in the air is to be
measured, whether the study should focus on adults or
children or both, and the particular health effects to be
examined. A decision will need to be made on whether the
study is to be a correlational, case-control or cohort study.

Combustion of petroleum fuels by vehicle engines is said
to be the major source of benzene in the outdoor
environment, whilst cigarette smoke is said to be the major
source of benzene in the indoor environment. Cigarette
smoke, certain foods and drinking water are said to be the
major source of benzene in unpolluted rural areas.
Automatic gas chromatography has meant that it is now
practicable to obtain information on benzene
concentrations in the air from multiple sites.
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12 Conclusions e air quality and mortality from lung cancer and cardio-
pulmonary disease

Correlational studies of air quallty and health in Australia. particu]ates and ma”gnant neop|asms at least in

conducted in the late 1980s and 1990s by June 1995 found women

a positive association between: «  COAD and ozone in men

»  mortality from respiratory and other diseases and the  asthma and smoke
estimated concentration of several ‘pollutants’ « some respiratory symptoms and particulates and
* attendances of children with asthma at a hospital  0zone

emergency department and the Airborne Particulate  lung function and particulates in asthmatic children,
Index or adults or smokers with air flow limitation.

» all-cause and respiratory disease admissions t% . . .
. . . ustralian data on air quality and health compare poorly
hospital and distance and place of residence from an . )
. . . with overseas data as a result of:
industrial source of unspecified pollutants.

» the lack of cohort studies
Cross-sectional studies conducted in Australia found a

greater odds of reporting current wheeze among children
resident in a town near power stations. It is difficult to be
certain that the associations found between these various
indicators of air quality and health represent cause-and-
effect because of the failure to exclude non-causal
explanations for the associations and/or features of the
associations themselves.

the lack of information on the health effects of
multiple pollutants, including particles and ozone

the lack of information about the effects of air quality

on cancer incidence, hospital admissions or

emergency department attendances for specific
diseases other than respiratory diseases and on
respiratory symptoms or lung function in adults,

particularly the elderly.

Case-control and cohort studies of air quality and health ir\ir quality is different in Australia and has been assessed

Australia found no association with the aspects studied. differently and under different conditions to overseas.
Caution is therefore required in extrapolating to Australia

Overseas correlational studies of air quality and healtffom overseas data on the health impact of air quality.

have found an association between Overseas studies suggest that exposure to air with TSP
concentrations below the Australian goal for TSP

+ air quality and all-cause mortality at high levels of concentrations may be associated with respiratory

sulphur dioxide symptoms but not impaired lung function and possibly
« sulphur dioxide concentrations and lung cancerWith mortality. ~Overseas studies also suggest that
mortality (at least in men) exposure to sulphur dioxide at concentrations found in the

LaTrobe Valley may be associated with hospital

admissions for asthma and respiratory disease and
possibly with respiratory symptoms. Overseas studies
*  air quality and neonatal and post-neonatal mortality. syggest there may be an association, too, between

Th tudies h v found i in b texposure to ozone at concentrations found in Victoria and
ese studies have commonly found associations in bo Pespiratory morbidity.

healthy and symptomatic children between respiratory
symptoms and particulate matter and between EMETGEN@aution is required in extrapolating from selected
room attendances and particulates, sulphur dioxide angverseas studies to Australia. Appropriate and carefully

0zone. conducted epidemiological studies are needed in Australia
to isolate and quantify any current effect of geographical

Overseas cross-sectional studies commonly foungjifferences in air quality on the health of the Australian
associations in school children between respiratorypopulation.

symptoms and particulates or gases and between lung

e total particulates and specific circulatory and
respiratory diseases

function and ozone. Prior to undertaking further epidemiological studies of air

quality and health in Australia, there needs to be a
Cohort studies conducted overseas have foundonsensus on the particular health effects and on the
associations between: aspects of air quality to be studied. Consensus is also
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required on the confounding factors to be taken account of
in these studies including how these are to be measured.

There was an attempt to reach a consensus about what
constitutes an adverse health effect of air quality in the
mid 1980s (American Thoracic Society 1985). A
consensus on how some of these effects ar to be measured
has also emerged during the late 1980s and 1990s, for
example in the case of asthma (Toelle et al. 1992). There
are also validated instruments for measuring many
relevant confounders, for example, atopy, cigarette
smoking and socio-economic status. A consensus
conference would be valuable to promote comparability
among Australian investigators.

Major gaps in the current knowledge base of the impact of
air quality on health in Australia include the impact of
multiple ‘pollutants’; the interaction between ‘pollutant’
and meteorological effects; the impact of chronic exposure
to low levels of ‘pollutants’; what is a safe background
level for diseased and healthy populations and the costs
and benefits of improving air quality in Australia.
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13 Suggestions for future work

1.

Further epidemiological studies of the impact of air

quality on health should be conducted in Australia.g.

These studies should investigate the impact of
multiple ‘pollutants’ on mortality, cancer incidence,
symptoms, lung function and bronchial reactivity as
well as attendances at general practitioners’ offices
and emergency departments and hospital admissions
in the same population. Exposure to ‘pollutants’
should be measured at the level of the home, school
or individual. The populations studied should
include persons with asthma or other chronic
obstructive airways disease, the elderly and children
as well as healthy adults. The sample should be of
sufficient size to exclude chance results. The
collection of data should be free of bias and account
should be taken of confounding factors. Cohort
studies and the impact of long-term exposure to low
levels of ‘pollutants’ should be given priority.

An attempt should be made to obtain a consensus
among experts in Australia, and comparability
between studies, on the aspects of air quality to be
studied; the health effects to be investigated; and the
protocols to be used for measuring exposure to
‘pollutants’, health effects and confounders.

Loss of lung function over time in adults and
children, including those with chronic obstructive
airways disease, should be considered as a model for
studying the magnitude of the impact of air quality on
health, although such data may take some years to
collect.

Further studies should be undertaken in Australia into
the costs and benefits of reducing the level of those
‘pollutants’ for which a dose-response relationship
between air quality and health has been demonstrated
over a wide range of levels.

A community education program should be
undertaken about the risks of adverse health effects
associated with air quality. The design, development
and distribution of educational material should be an
interactive process between ‘experts’ and the
community. The material should explain the nature
of the risk to health from air quality; the nature of the
benefits that might be affected if the risks were
reduced; the available alternatives; and uncertainties
in knowledge about risks and benefits. Strategies
which the community and respiratory disease

patients can use to avoid exposure to high levels of air
pollution should also be included.

Any future epidemiological studies, including pilot
studies, should be multicentre studies, involving at
least Melbourne and Sydney, overseen in their design
and execution and specially commissioned by a
steering group. The steering group should include
epidemiologists, statisticians, clinicians, and
environmental scientists. The secretariat and funding
could be provided by an appropriate Commonwealth
Government department.
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Glossary of technical terms

Visibility reducing particulates: an aspect of air quality
based on aesthetic considerations and determined by
reference to the light scattering properties of the air
environment at relative humidities of less than 70%.

Airborne Particulate Index: an indirect measurement of
fine particulate matter in the atmosphere which is
correlated with PM.

Abbreviations used in this paper

CO Carbon monoxide

COAD Chronic Obstructive Airways Disease

FEV Forced Expiratory Volume

FEV, Forced Expiratory Volume in One Second
FVvC Forced Vital Capacity

NO Nitric oxide

NO; Nitrogen dioxide

NO Nitrogen oxides

Os Ozone

PEF Peak Expiratory Flow

PEFR Peak Expiratory Flow Rate

ppm Parts per million

ppb Parts per billion

SO Sulphur dioxide

PMio Total Particulates less than 10 ((m diameter
PM,s Total Particulates less than 2.5 ((m diameter
TSP Total Suspended Particles
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