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An association between human health and air pollution has been proposed for more
than 50 years. About 100 relevant and published epidemiological studies have investi-
gated the health effects of particulate air pollution. Various researchers with different
training, interests and research skills have conducted a wide variety of studies. Currently
available studies typically fall within two broad classifications of study design which in-
clude: 1) acute exposure studies which are typically time-series studies and use short-
term changes in air pollution over time (usually 1-5 days) as the source of exposure
variability and 2) chronic exposure studies which are principally cross sectional in design
and use longer-term pollution data (usually 1 year or more) and spatial differences in
poliution as their source of exposure variability. These studies can also be subdivided
into population-based (ecological) studies where the units of comparison are entire
populations of communities or neighbourhoods, and cohort-based in which the unit of
comparison for heath outcomes and co-risk factors are individuals in a well defined co-
hort or sample (see Figure 1). Table 1 presents ranges of effect estimates relating par-
ticulate exposure to various health end points. Although the biological linkages remain
poorly understood, the results of the acute and chronic studies are complementary. The
current epidemiological evidence shows that respirable particulate air pollution, at levels
common to many urban and industrial areas in Europe and the United States, contrib-
utes to human morbidity and mortality. Long-term, repeated exposure increases the risk
of chronic respiratory disease and the risk of cardiorespiratory mortality. Short-term ex-
posures can exacerbate existing cardiovascular and pulmonary disease and increase
the number of persons in a population who become symptomatic, require medical atten-
tion or die. The pattern of cardiopulmonary health effects associated with-particulate air
pollution that has been observed by epidemiological studies is the strongest evidence of
the health effect of this pollution. Much of the recent epidemiological effort has focused
on effects of acute exposure, primarily because of the relative availability of relevant
time series data sets. However, the effects of chronic exposure may be more important
in terms of overall public health relevance.

Review of the potential mechanisms by which present ambient concentrations of inhaled
particles could be associated with mortality highlights the gaps in the toxicological evi-
dence now available. Particle dosimetry in the respiratory tract is an excellent starting
point for considering biological plausibility of the epidemiological findings, as it ad-
dresses key issues from a perspective independent of specific particle composition.
When different ventilatory regions of the lung are compromised with respect to their ven-
tilatory capacity, as in persons with asthma, COPD, or congestive hearth failure, those
regions of the lung that are unaffected may receive disproportionately high dose of parti-
cies. Alternative explanations for the relationship between particles and mortality include
an increased likelihood of respiratory infections in individuals with COPD or asthma.
Particle exposure could increase susceptibility to infection from bacteria or respiratory
viruses, leading to an increased incidence of and death from pneumonia. A list of poten-




tial pathophysiological mechanisms underlying the association of particulate air pollution
with mortality is presented in Table 2. A list of possible toxicological mechanisms is
given in Table 3. One general mechanism of interest is pulmonary inflammation. Possi-
ble mechanisms for induction of an inflammatory response have been described for 1)
ultrafine particles, 2) transition metal ions and 3) aerosol acidity. Recently Seaton et al.
(1995) have proposed that the mechanism of particle induced injury involves the pro-
duction of an inflammatory response by ultrafine particles in the urban particulate cloud.
As a result, mediators are released capable of causing exacerbation of lung disease in
susceptible individuals and increased coagulability of the blood. Several haematological
factors, including plasma viscosity, fibrinogen, factor Vil, and plasminogen activator in-
hibitor not only predict cardiovascular disease but also rise as a consequence of inflam-
matory reactions. In support of Seatons proposed mechanism is the observation in an
animal model that ultrafine particles cause greater inflammation than larger particles of
the same substance (Oberdérster et al. 1995). But despite the increasing effort to iden-
tify a mechanism, by which low concentrations of particle cause cardiopulmonary toxic-
ity, to date we are left with only speculative hypotheses.

A question that is still a matter of debate, is the definition of an optimal metric for parti-
cles for ambient air quality and emissions measurements. For ambient air quality meas-
urements three metrics are proposed (see Table 4). 1) One for the mass as all of the
ambient air quality standards in Europe and the United States are mass based - PM10
or even better PM2.5 are good candidates as they fit best with the health outcomes ob-
served in epidemiological studies. 2) One for the chemistry — elemental carbon may be a
good candidate to reflect the carcinogenic risk of fine particles. 3) One for the surface of
the particles as the surface may be a good indicator for the biological mechanisms
causing the observed health effects. For emissions measurement it's the total mass,
which is the basis of today’s legislation. But new data on particle numbers indicate that
they are a much more sensitive indicator of vehicle emissions than the total mass or
PM10 and even PM2.5 (see Table 5). For emissions measurements a metric taking into
account the importance of the fine and ultrafine particles, which may be their number,
should be evaluated and used in a forthcoming legislation process.

The aim of the study “Health Costs due to Road Traffic-related Air Pollution”, a common
project of the national administrations of Austria, France and Switzerland, was to obtain
comparable results for the three countries and to provide a common methodological
framework applicable in other countries as well. The project was based on an interdisci-
plinary co-operation in the fields of air pollution, epidemiology and economy. It clearly
showed the big public health impact and the resulting enormous monetary health costs,
which are external costs not covered by the polluters, of particulate air pollution in these
countries.

As one single indicator for urban air pollution, the exposure assessment was limited to
PM10 (particulate matter of less than 10 um aerodynamic diameter). For Austria, France
and Switzerland the population exposure shows relatively similar results (Table 6), indi-
cating that about two third of the population live in areas where the annual average of
the PM10 concentrations exceeds 20 ug/m3. This is the annual limit value for the pro-
tection of human health of the European community (Stage 2) and the ambient air qual-
ity standard (annual average) in Switzerland.




Effect estimates from epidemiological studies are a key component for the assessment
of air pollution impacts on health. If available, short- and long-term effects were consid-
ered for the assessment. However, overlapping health measures had to be excluded in
order to prevent double counting of the impact, especially when monetarizing the effects.
In the present study, the following health outcomes were selected: total mortality based
on cohort studies, respiratory hospital admissions, cardiovascular hospital admissions,
chronic bronchitis in adults, acute bronchitis in children, restricted activity days in adults,
asthma attacks in children and asthma attacks in adults. For each health endpoint, epi-
demiological exposure-response curves were derived from the available literature, using
a meta-analytic approach to calculate the variance weighted mean relative risks and ap-
plied to the national epidemiological baseline data for each health outcome (incidence,
prevalence). For the three countries, the number of cases attributable to total air pollu-
tion and to road traffic-related air poliution, assessed for 1996, was impressive (Table
7). In 1996, air pollution caused some 5 600 cases of premature death in Austria, some
31 700 cases in France and some 3 300 cases in Switzerland. In Austria 2 400, in
France 17 600 and in Switzerland 1 800 cases are attributable to road traffic-related air
poliution. According to the epidemiological surveys, the increase in premature mortality
is only considered for adult’s 230 years of age. Within the additional morbidity cases at-
tributable to road traffic, the highest incidence in all three countries is registered for
acute bronchitis in children younger than 15 years. Some 21 000 cases in Austria, some
250 000 cases in France and some 24 000 cases in Switzerland were attributable to
road traffic-related air pollution in 1996.

For the monetary valuation of the air pollution related health outcomes, the willingness-
to-pay approach was chosen as a common methodological framework. This approach is
based on a theoretical foundation of welfare economics in considering the individual util-
ity improvement for a reduction in health related risk. The cost factors applied in the pre-
sent study are chosen from the most recent economic literature. The results are pre-
sented in Table 8. All three countries together bear some 49 700 million EUR (=80'500
Mio. SFr.) of air pollution related health costs, of which some 26 700 million EUR
(=43'250 Mio. SFr.) are road-traffic related. Due to the similar size of their population, in
Austria and Switzerland the air poliution related health costs reach similar level. In each
country, the mortality costs are predominant, amounting to more than 70 %. Since the
same methodology was used in all three countries and the environmental, medical and
socio-economic context is quite similar for the three neighbouring countries, the similari-
ty of the results is not astonishing.

In order to interpret the magnitude of these results, the premature mortality attributable
to road traffic-related air pollution has to be seen in a wider context. Compared to road
accidents an interesting development can be observed. In 1970 in all three countries the
number of fatal road accidents reached the same level as today’s premature mortality
attributable to traffic related air pollution. The example of Austria is shown in Figure 2.

To conclude (see Tables 9 and 10) it can be said, that today’s exposure to fine particles
is a serious public health problem. To reduce this risk, exposures must be reduced.
Therefore regulatory strategies based on emissions should include reduction measures
for fine particles. Reduction techniques as particlefilters for on- and offroad engines are
available today and should be used. The emissions of particles of all size categories in-
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dependent of their chemical composition should be reduced. This can be done by parti-
clefilters. Measures leading to the reduction of the mass of the emitted particles but in-
creasing their number should be avoided.
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FIGURE 1. Basic study designs of currently published studies of health effects of particulate air pollution.
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Table 2: °

Potential Mechanisms Underlying the Association of Particulate Air
Pollution with Mortality

Increased susceptibility to infection from impaired host defenses
Airways inflammation leading to impaired gas exchange and hypoxia

Provocation of alveolar inflammation by ultrafine particles with release of
mediarors that exacerbate underlying lung disease and increase blood coagulability

Increased lung permeability leading to pulmonary edema

Precipitaton of heart failure in those with chromic cardiac discase by acute
bronchiolitis or pneumonia induced by pollution

@ Ultrafine par 20 nanometers
are most har en freshly
generated.

® Transition metal
metals generate h
toxicity.

® Aerosol acidity: Ac ¢ particles cause

inflammations.

mechanisms than nomal load.




Table 4: Optimal metric for

® Emissions:
- Mass is todays legis

- A metric taking int ount the importance
of fine particles should be evaluated und
used. |

Table 5:

~ Atmospheric data are only just emerging
on numbers, but the indications are that
they are a much more sensitive indicator
of vehicle emissions than PM,, and

probably PM, 5
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Figure 2

Comparison: fatal road accidents and
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® To reduce this €K, e res must be
reduced.

® Reduction measuiigs figgparticular reduction
techniques as pa Hefilters are available
today and should beii






