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concentrations of ozone equivalent to en-
vironmental exposure.*’** The lung function
response to ozone is modified little by age,
but it has been noted that children express
symptoms due to ozone less readily than do
adults."** From the limited data available, it
seems that functional responses caused by
ozone in the elderly may be less than those
in young adults.**** This may partly reflect
reduced physical activity and lower ventilation
rates of the elderly, and also lung “stiffening”
with age.

It is uncertain whether people with asthma
are more susceptible to the effects of ozone,
although several recent papers report greater
falls in respiratory function after exposure to
ozone in those with a history of asthma.”'” On
the basis of a small number of studies, there
is no evidence of a marked susceptibility to
ozone in people with other major respiratory
diseases.**

Heavy exercise lowers the concentration of
ozone at which respiratory effects become ap-
parent and increases the severity of effects,
presumably due to the increased dose received
by the lung at high levels of ventilation. Athletic
performance may be impaired at peak ozone
levels around 0-12 ppm.”® Dose dependent
effects are apparent at levels down to 0-08 ppm
(over 6-6 hours).!!

Animal studies
Animal studies suggest that there is no
threshold dose for some of the toxic effects of
ozone,*>® but little is known about the effects
of doses equivalent to those received by humans
when ozone concentrations are in the range
0-08-0-12 ppm. In principle, toxicity will occur
when the rate of interaction of ozone with its
target tissue (or toxicological receptor) exceeds
the ability of antioxidant mechanisms to repair
that damage. Neither the key toxic events nor
the role of the antioxidant mechanisms in these
events, however, are well understood at present.
Studies of monkeys exposed to relatively high
levels of ozone (>0-25ppm) suggest that in-
termittent exposures may produce greater
effects than those produced by a continuous
exposure regimen, even though the latter results
in a higher cumulative dose.*' This is consistent
with findings of controlled exposure studies in
humans®? and suggests that damage results, at
least in part, from the repeated attempts to
adapt to the irritant challenge as well as to the
direct effects of the irritant exposure.
Exposure of animals to ozone on successive
days leads to an attenuation of the decrement
of lung function. The biological importance of
this functional adaptation is not known. Some
studies have shown that persistent damage to
lung cells may occur at the same time as so
called “adaptative” changes in respiratory func-
tion.>® It has yet to be determined if adaptation
is a means of protecting from ozone toxicity
with prolonged exposure. An alternate hy-
pothesis is that the tissue is no longer re-
sponding to the stimulus provided by the ozone
insult because of structural or functional dam-
age.

Little is known about the effects of ozone on
lung development in early life. Generally, the
lungs of neonatal animals are more resistant to
ozone that those of older animals.>* However,
the influence of animal age on response to
ozone depends upon the particular response
that is studied.”

Animal experiments have shown interactions
between ozone and other air pollutants. For
example, a study of allergen sensitivity in mice
noted synergistic effects between ozone and
sulphuric acid.’® In rats, synergism has been
noted between O; and NO,, using parameters
such as lung weight and detoxification enzyme
activities,”” or lung lavage protein as an index
of damage.”® These interactive effects have been
observed, in animals, at levels of pollutants
equivalent to those found in the ambient
atmosphere.* %

The limited data available suggest humans
are more sensitive to the effects of ozone than
the most commonly studied laboratory animal,
the rat.® For example, rats exposed to 0-5 ppm
ozone for 6-6 hours® had functional decre-
ments similar to those seen in humans exposed
to 0-12 ppm for the same time.*? It is not known
whether this difference in sensitivity extends
to other ozone induced effects (for example,
inflammatory responses).

Implications for public health

There are many uncertainties surrounding the
estimation of the health effects of ozone. In
most instances human studies rely on indirect
measures of the effective dose to the lung.
Personal exposures are frequently estimated
from measurement of ambient ozone at a small
number of test sites, although it is well known
that ozone levels may vary greatly over a small
area depending on air flows and local scav-
enging. In field studies, individual doses are
also influenced by factors such as the time
spent outdoors, physical activity patterns, and
ventilation rates. The consequences of these
uncertainties in measurement of the dose of
ozone are not predictable, although in the ab-
sence of systematic error, the effects of ozone
will generally be underestimated.

In natural settings ozone always occurs in
association with other pollutants. These pol-
lutants may themselves cause illness and re-
spiratory impairment, and it is frequently
difficult in epidemiological studies to control
confounding by factors such as NO, and par-
ticulates. A separate issue is that of interaction
or effect modification. The effect of ozone on
the respiratory tract may be amplified when
exposure occurs in conjunction with other
agents such as SO,. Interactions of this kind
complicate risk assessments, and indeed from
the point of view of health policy it would be
preferable to frame standards in terms
of commonly-encountered mixtures or com-
binations of pollutants (such as the total of
ozone and NO,).

The objective of air quality guidelines is to
set levels of air pollution which will avoid,
or minimise, adverse health effects. There is
contention over whether the changes that are
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observed after exposure to ozone in the range
0-08 ppm to 0-12 ppm should be described as
adverse health effects. For example, it may be
argued that the loss of lung function that follows
exposure to low levels of ozone (<0-12 ppm)
is reversible, is not disabling, and is not known
to cause harm in the long term, and therefore
should not be labelled as an “adverse” health
effect. Another view, which we support, is that
any impairment of lung function is by definition
an adverse effect on health, especially when the
range of individual responses is very wide, and
the effect of exposure (to ozone) may be in-
creased by the presence of other pollutants.

There remains considerable uncertainty
about the long term effects of low levels of
ozone on human health. Animal studies show
possible mechanisms by which ozone may
cause irreversible damage to the lung, although
fibrosis and serious lung disease have not been
observed after chronic exposures, even at high
levels. Studies in human populations show
greater declines in respiratory function with
time in communities with high ozone levels,
but it remains unclear how much this is due
to ozone and not to other, coexisting pollutants,
and the functional significance of the observed
effect is not known. There are no data from
prospective studies of children linking ozone
and lung function, and therefore it is not known
whether ozone at levels around 0-12 ppm
affects lung growth in children.

IMPACT OF TROPOSPHERIC OZONE ON HEALTH
IN AUSTRALIA

Australian cities vary widely in the magnitude of
their problems with photochemical pollution.
Over the last decade Melbourne and Sydney
have often experienced ozone levels exceeding
the current NHMRC one hour guideline of
0:-12ppm. (Ozone levels are measured less
comprehensively in other Australian cities.
From the available data it seems likely that
concentrations about 0-12 ppm rarely occur
outside Melbourne and Sydney). The factors
that influence ozone levels include population
size, area of settlement, motor vehicle use,
industrial activity, and topography and weather
patterns unique to each city. The relative
importance of these factors is not well un-
derstood. Despite considerable urban growth
in the last decade, in Sydney the number of
days each year on which the air quality goal
for ozone was exceeded has tended to fall.
(New South Wales Environment Protection
Agency, unpublished data).

The variability in annual exceedances shows
the very strong effect of weather on con-
centrations of pollutants in the urban at-
mosphere. While source strengths define
potential maxima, sunlight, weather con-
ditions, including wind speed and direction,
inversion heights and circulation patterns over
a city will determine whether concentrations
will actually achieve that potential.

What would be the savings in Australia, in
health terms, if the air quality goal for ozone
were lowered? The number of people in Aus-
tralia exposed each year to levels of ozone
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around the current air quality goal of 0-12 ppm
in one hour is unknown, but is likely to be very
large. For example, in Melbourne it is estimated
that between 1982 and 1990 approximately 16
exceedances per annum would occur if a goal
of 0:08ppm were introduced in place of
0-12 ppm.** Typical exceedances occur over
areas that may include about 10% of the surface
area of the Melbourne statistical division (total
population 3 million). The number of people
exposed on each occasion when the monitored
level of ozone exceeds 0-08 ppm depends on
many factors, including population density and
activity patterns (such as time spent outdoors),
and therefore no precise estimate can be made.
However it seems likely that several hundred
thousand people in Melbourne are exposed
each year on at least one occasion to levels of
ozone between 0-08 and 0-12 ppm, averaged
over one hour. In Sydney, the numbers exposed
to such levels of ozone may be greater still.
Between 1990 and 1992, the number of hours
per year when levels of 0-08 ppm and higher
were recorded in Sydney was 60, compared
with 16 in Melbourne. (S McPhail, personal
communication).

Exceedances between 0-08 and 0-12 ppm are
unlikely to cause respiratory embarrassment
for most of the population. Some susceptible
individuals will experience a temporary loss of
function amounting to 10% or more of FEV,,
which may be disabling, although the number
of these people is not known. Persons un-
dertaking heavy physical activity out of doors
during the period when ozone levels are be-
tween 0-08 and 0-12ppm are likely to ex-
perience symptoms (such as cough, throat
dryness) and reduced peak athletic per-
formance.

Some people with asthma are likely to ex-
perience additional asthma attacks as a con-
sequence of exposure to ozone at 0-08 to
0-12 ppm, either directly from irritant effects
of ozone or due to sensitisation to subsequent
allergens, but it is not known at present how
many attacks of asthma may be attributed to
ozone. Asthma is common in Australia, affect-
ing approximately 10% of adults®® and 20-25%
of children.? Therefore a small increase in risk
of an asthma attack for an individual represents
a substantial additional burden of illness, na-
tionally, as a consequence of widespread ex-
posure to increased ozone levels.

Conclusions

In our judgement, there is firm evidence that
exposure to ozone at around 0-12 ppm over
one hour may lead to a reduction in respiratory
function, inflammatory changes in the lung,
and increased reactivity of airways. The
changes are small, on average, but there is a
wide range of individual susceptibility. Little is
known about the effects of chronic exposures
on health because few good studies have been
carried out, but animal studies indicate that
exposure to ozone may cause long term damage
to the lung. The number of people who may
be exposed to high levels of ozone is large and,
currently, there is no margin of safety between
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the goal and the level at which adverse health
effects are observed.

We recommend a one hour goal of 0-08 pp.
This is not a “no effect” level — the current
evidence suggests that more sensitive meas-
urements of lung function than are currently
available will show deleterious effects of ozone
at levels down to, and perhaps including, back-
ground. At present, reductions in respiratory
function have been observed at 0-08 ppm but
only in the presence of heavy exercise sustained
for two hours or longer.

We also recommend a new four hour goal of
0-06 ppm. The reasons for this are that the
effects of ozone on pulmonary function ac-
cumulate over several hours,’!’ and raised
ozone levels in towns are typically spread over
a period of 3-6 hours. We suggest that the
averaging time for a second goal should be set
at four hours. To avoid health effects, the
published reports suggest that this level should
be lower than 0-08 ppm, and we propose a
figure that lies approximately midway between
the level that is currently known to induce
health effects and background.

A four hour goal may be less stringent that
a one hour goal, if there are short lived peaks in
ambient ozone levels. At present, for example,
fewer exceedances of the 0-08 ppm level, av-
eraged over four hours, are recorded in Sydney
than exceedances of the current objective
(0-12 ppm, measured over one hour). We re-
commend that a one hour goal be retained to
control peak exposures (and to maintain a
consistent index of air quality) in addition to
the four hour goal.

The margin between the air quality goal for
ozone and background levels is not wide, and
would be approximately halved by reducing
the one hour goal from 0-12 to 0-08 ppm. As
the goal approaches background the cost of
controlling emissions will increase sharply, and
at some point it is expected that society will
judge that the cost of further improvement in
air quality is too great to be borne. Social
judgements must be made about acceptable
costs and tolerable detriment to health. The
next step is to explore the social, economic and
environmental consequences of adopting and
enforcing more stringent air quality goals for
ozone.

This paper is based on a report prepared for and funded by the
National Health and Medical Research Council. Many scientists
in Australia, and overseas, participated in the consultative pro-

cess of the NH&MRC review and commented on early drafts
of this paper. We gratefully acknowledge their assistance.
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