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Abstract. Introduction: Apheis aims to provide
European decision makers, environmental-health
professionals and the general public with up-to-date
and easy-to-use information on air pollution (AP)
and public health (PH). In the Apheis-3 phase we
quantified the PH impact of long-term exposure to
PM2.5 (particulate matter <2.5 lm) in terms of
attributable number of deaths and the potential gain
in life expectancy in 23 European cities. Methods: We
followed the World Health Organization (WHO)
methodology for Health Impact Assessment (HIA)
and the Apheis guidelines for data collection and
analysis. We used the programme created by PSAS-9
for attributable-cases calculations and the WHO
software AirQ to estimate the potential gain in life

expectancy. For most cities, PM2.5 levels were calcu-
lated from PM10 measurements using a local or
European conversion factor. Results: The HIA esti-
mated that 16,926 premature deaths from all causes,
including 11,612 cardiopulmonary deaths and 1901
lung-cancer deaths, could be prevented annually if
long-term exposure to PM2.5 levels were reduced to
15 lg/m3 in each city. Equivalently, this reduction
would increase life expectancy at age 30 by a range
between one month and more than two years in the
Apheis cities. Conclusions: In addition to the number
of attributable cases, our HIA has estimated the po-
tential gain in life expectancy for long-term exposure
to fine particles, contributing to a better quantifica-
tion of the impact of AP on PH in Europe.
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Introduction

Most epidemiological studies find a range of health
outcomes to be consistently related to particulate
matter [1, 2]. Time-series studies identify the health
impact (e.g. mortality) of particulate air pollution in
the preceding days, whereas cohort studies analyse
the health effects due to long-term exposure to par-
ticulate matter. A recent World Health Organization
review [3] concludes that ambient particulate matter
(PM) per se is considered responsible for the health
effects seen in large epidemiological studies relating
ambient PM to mortality and morbidity. This
conclusion is supported by toxicological evidence.
These epidemiological studies provide exposure-
response functions (ERFs) necessary for Health Im-
pact Assessment (HIA).

On the other hand, one of the main strategies of the
HEALTH 21 policy for the WHO European Region
is to ensure the use of HIA, an important approach in
public health to evaluate policies and to determine
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Plasència (Barcelona, Spain).
Centres: France: Sylvie Cassadou (Toulouse), Pascal Fabre, Hélène
Prouvost, Christophe Declercq (Lille), Daniel Eilstein (Strasbourg),
Laurent Filleul (Bordeaux), Laurence Pascal (Marseille), Jean
François Jusot (Lyon), Myriam D’Elf (Rouen, Le Havre), Agnès
Lefranc, Benoit Chardon (Paris), Alain Le Tertre (Saint-Maurice).
Greece: Antonis Analitis, Giota Touloumi, Klea Katsouyanni
(Athens). Hungary: Anna Paldy, Eszter Erdei, Janos Bobvos
(Budapest). Ireland: Pat Goodman, Luke Clancy (Dublin). Israël:
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their potential and actual impacts on public health
[4]. In relation to air pollution, WHO encourages all
European countries to report and exchange moni-
toring information to help assessment of health
impacts of PM10 and PM2.5 [5].

In this context, Apheis1 (Air Pollution and Health:
a European Information System) was created in 1999
to provide European policy and decision makers,
environment and health professionals, the general
public and the medias with an up-to-date, easy-to use
information resource on air pollution and public
health to help them make better-informed decisions
about the political, professional and personal issues
they face in this area.

To develop this information resource, Apheis has
created a public-health surveillance system that gen-
erates information for HIAs of air pollution in Eur-
ope at the city and European level simultaneously, on
an ongoing basis. During the first phase (Apheis-1,
1999–2000), this programme defined the best indica-
tors for epidemiological surveillance of the effects
of air pollution on public health in Europe, and
developed its own guidelines for data collection and
analysis [6].

Apheis carried out a first HIA during its second
phase (Apheis-2, 2000–2001). Apheis chose PM10

(particles less than 10 lm in size) and Black Smoke
(BS) as PM indicators to show that relatively mod-
erate levels of air pollution in urban Europe have a
non-negligible impact on public health. Just as an
example, reducing the long-term exposure to PM10 by
even very small and achievable amounts, such as
5 lg/m3, would have prevented between 3300 and
7700 early deaths annually in 19 European cities
[7, 8].

The Apheis-3 phase (2002–2003) included new
sources of data on air pollution and health in its
analysis [9]. In particular, in this new HIA Apheis-3
added data for PM2.5 (PM with an aerodynamic
diameter smaller than 2.5 lm) to the existing BS and
PM10 measurements. PM2.5 was included based on
recent evidence [3, 10] and on the proposal about new
limit PM2.5 values within the European Commission
(EC) legislation process. Urban PM2.5 is associated
with excess mortality and other health effects. These
smaller particles, which of course constitute a sub-
fraction of PM10, are considered more dangerous to
health (per lg/m3) because they penetrate more dee-
ply into the lung and may reach the alveolar region
[11]. Also, they are more numerous, and have greater
surface area, per unit mass, than coarse particles (i.e.:
particles with a diameter between 2.5 and 10 lm).

Apheis-3 investigated cause-specific mortality (car-
diopulmonary and lung-cancer deaths) as well as
total mortality. In addition to calculating attributable
number of deaths at a given point in time, Apheis-3
also calculated the potential gain in life expectancy in
order to provide a dynamic picture of the effects of air
pollution on health over subjects’ lifetimes.

Methodology

Apheis is a dynamic European network of profes-
sionals involved in public health and environment.
This network adopted WHO guidelines for environ-
mental-health risk assessment [12], and followed the
main steps in HIA [13] city by city and then com-
paratively: specify exposure, select health outcomes
and ERFs, derive population baseline frequency
measures for the health outcomes studied, and cal-
culate the estimated number of attributable cases in
the target population. We used Apheis guidelines for
gathering and analysing data to ensure comparability
of the data [6].

Our HIA provided estimates of the number of
health events attributable to air pollution in the tar-
get population (23 European cities) assuming that
there is a causal relationship between particulate
pollution and the observed health effects.

Exposure measurements

Because the present HIA focused on the effects of
long-term exposure, the relevant air pollution data
were annual averages, which were available for 2000
and beyond in most of the cities. Automatic PM2.5

measurements (TEOM) were available in 12 Apheis
cities.

For HIA purposes, the ERFs were taken from a
publication that used gravimetric methods [14]. PM2.5

levels had to be inferred from automatic PM10 mea-
surements in 23 Apheis cities. If available, a local
conversion factor (ranging between 0.5 and 0.8), se-
lected with the advice of the local air-monitoring
network managers, was applied. If no local factor
was available, 0.7 was used as default European
conversion factor, recommended by the Apheis
Exposure Assessment Working Group as a mean
value based on two recent publications. First, the
revision and update of the so-called 1st European
Daughter Directive, the 2nd Position Paper on Par-
ticulate Matter for the EC Clean Air for Europe
(CAFE) programme, and second, a study analysing
physical characteristics of particulate matter in Eur-
ope [15].

Bucharest and Budapest, where PM10 measure-
ments were not available, converted Total Suspended
Particulates (TSP) to PM

10
, using local conversion

factors, and then PM10 to PM2.5, using the default
European factor.

In order to assess the local validity of the 0.7
European conversion factor from PM10 used in cities
where a local conversion factor was not available, we
asked those cities with both PM10 and PM2.5 direct
measurements to provide both direct PM2.5 mea-
surements and converted PM2.5 using the European
conversion factor.

We had to correct the automatic PM10 measure-
ments (b-attenuation and TEOM-Tapered Element



Oscillating Microbalance) used by most of the cities
by a specific correction factor in order to compensate
for losses of volatile material (organic compounds). A
local correction factor chosen with the advice of the
air-pollution network managers was used when
available (ranging between 1 and 1.37); otherwise, the
cities used the 1.3 European default correction factor
recommended by the EC Working Group on Partic-
ulate Matter [16] and later by WHO [5] (Table 1).

Health outcomes and exposure-response functions

Health data were available for 1999 and beyond in
most of the cities. For ERFs, we used average esti-
mates of the more recent American Cancer Society
(ACS) study based on the average of PM2.5 concen-
trations at the start and finish of the ACS mortality
follow-up period [14], and the health outcomes were
studied for all-cause mortality, cardiopulmonary
mortality and lung-cancer mortality (Table 2). Be-
cause the ACS study included only adults at age 30 or
more, the estimation of attributable cases and the
potential gain in life expectancy calculations in

Apheis-3 were also limited to population of age
30 years and older.

HIA scenarios

Our HIA proposed a range of reference levels of
particulate pollution used in different air pollution
reduction scenarios. The benefits of reducing PM2.5

to 20 and 15 lg/m3 were selected at a time when
discussions were taking place to set limit values for
PM2.5 as part of the CAFE legislation process at the
European Commission. Since some cities already
showed levels of PM2.5 below those figures, we also
proposed an additional scenario: a reduction by
3.5 lg/m3, irrespective of current annual average
levels (Table 2).

HIA tools

Number of long-term attributable cases
Based on the calculation of the attributable propor-
tion, calculations of the number of long-term cases
were made using an adapted Excel spreadsheet (EIS

Table 1. Measurement methods, correction and conversion factors used in Apheis-3

City Measurement method PM10 correction
factor

Conversion factor
from PM10 to PM2.5

PM10
b PM2.5

b TSPb

Athens b-attenuation 1.3* 0.3–0.63***c

Bilbao b-radiation absorption 1.2a 0.7**

Bordeaux TEOMd (50 �C) TEOM (50 �C) 1s; 1.3w 0.67***
Bucharest Gravimetric X 0.7**
Budapest b-ray-operation XX 0.7**

Celje TEOM (50 �C) 1.3* 0.7**
Cracow b-gauge-monitor 1.25a 0.8***
Gothenburg TEOM (50 �C) TEOM (50 �C) 1.3* 0.66***
Le Havre TEOM (50 �C) TEOM (50 �C) 1s; 1.253w 0.7**

Lille TEOM (50 �C) TEOM (50 �C) 1.18s; 1.27w 0.66***
Ljubljana TEOM (50 �C) 1.3* 0.7
London TEOM TEOM 1.3 0.7

Lyon TEOM TEOM 1.221w 0.7**
Madrid b-attenuation 1a 0.51***
Marseille TEOM (50 �C) TEOM (50 �C) 1s; 1.13w 0.65***

Paris TEOM TEOM 1s; 1.37w 0.7**
Rome b-gauge monitor 1.3* 0.7**
Rouen TEOM (50 �C) TEOM (50 �C) 1s;1.22 w 0.7**
Seville b-radiation-attenuation 1.13a 0.7**

Stockholm TEOM (50 �C) TEOM (50 �C) 1.2a 0.65***
Strasbourg TEOM (50 �C) TEOM (50 �C) 1s; 1.21w 0.7**
Tel Aviv TEOM 1.3* 0.5***

Toulouse TEOM (50 �C) TEOM (50�C) 1s; 1.2w 0.65***

*For HIA purpose PM10 TEOM has been corrected by European default factor of 1.3.
**To convert PM10 to PM2.5 the European default conversion factor 0.7 was used.

***To convert PM10 to a PM2.5 local conversion factor was used.
aDerived from parallel PM10 measurements within the city.
bPM10: PM<10 lm; PM2.5: PM<2.5 lm; TSP: total suspended particulates.
cRange of PM2.5 conversion factor, because month-specific factors were used.
dTEOM: Tapered Element Oscillating Microbalance.
s: summer; w: winter.
X: PM10 = TSP*0.6; XX: PM10 = TSP*0.58.



PA software, available in http://www.invs.sante.fr/
epiinfo/logiciels/eispa.html) developed by the French
surveillance system on air pollution and health, the
so-called PSAS-92 programme coordinated by InVS,
the French National Institute for Public Health
Surveillance [17].

Gain in life expectancy
We calculated the expected gain in life expectancy at
30 years of age using Air Quality HIA software tool
of the WHO European Centre for Environment
and Health (AirQ software, available in http://
www.euro.who.int/eprise/main/WHO/Progs/AIQ/acti-
vities/20050223_5). This programme uses a life-tables
approach and is based on the same risk estimates
from cohort studies as are used in estimating attrib-
utable cases (Table 2).

AirQ compares the actual life expectancy with the
hypothetical life expectancy obtained for the baseline
scenario. The greater is the difference, the greater is
the relative importance of the cause. The gains in life
expectancy are estimated by linking the following
different sets of information:

� Change in annual average concentrations of PM2.5

� A ERF linking annual average PM2.5 with a %
change (per lg/m3) in mortality hazard rates (i.e.
age-specific death rates)

� Demographic data (age-distribution, and age-spe-
cific death rates) of the target population.

Apheis assumed the same proportional hazard
reduction for every age group (age >30) to be con-
sistent with the findings of Pope et al. [14].

Results

The population covered by this HIA is nearly 36
million of inhabitants. Cities with PM2.5 direct mea-
surements showed annual mean concentrations that
ranged between 9 lg/m3 in Gothenburg and Stock-
holm (Sweden) and 18 lg/m3 in Marseille (France).

Cities where PM2.5 was not measured directly had in
general higher annual mean values, notably in
Bucharest (Romania) and Tel Aviv (Israel) (Figure 1).

Figure 1 also shows that where direct and indirect
values are available, the converted PM2.5 levels using
the European conversion factor from PM10 are quite
similar to the direct levels, although sometimes
slightly higher than them. Levels of PM2.5 converted
from PM10 follow PM10 patterns.

In terms of attributable cases, the Apheis-3 HIA
estimated that 11,375 premature deaths, including
8053 cardiopulmonary deaths and 1296 lung-cancer
deaths, could be prevented annually if long-term
exposure to the annual mean of converted PM2.5

levels were reduced to 20 lg/m3 in each city; and that
16,926 premature deaths, including 11,612 cardio-
pulmonary deaths and 1901 lung-cancer deaths,
could be prevented annually if long-term exposure to
converted PM2.5 were reduced to 15 lg/m3 (Table 3).

Figure 2 shows the potential benefits of reducing
annual PM2.5 levels by 3.5 lg/m3 in terms of number
of premature deaths per 100,000 for all-causes mor-
tality. All the cities would have benefited from this
reduction in PM2.5 levels, especially Budapest, Celje
and Bucharest. Note that cities vary in their results
because of differences in age-specific death rates and
in the proportion of the overall population aged less
than 30 years.

In terms of life expectancy, if the annual mean
of converted PM2.5 did not exceed 15 lg/m3, the
potential gain in life expectancy of a 30-year-old
person would average between one month and more
than two years, due to the reduction in total mortality
(Figure 3).

Figure 4 illustrates for this last scenario the
expected gain in life expectancy in one Apheis city
(Seville, Spain). We chose this city as an example to
show by how much this gain would affect each age.
Note that the expected gain is unchanged until age 30
because mortality risks at age <30 are assumed to be
unaffected. The gain would remain greater than
1 year until 60 years of age and would then start
decreasing.

Table 2. Summary of data components used for health impact assessment of long-term exposure to PM2.5
a in Apheis-3

Health indicator ICD10b Tool Relative risk (95% IC)
(for 10 lg/m3 increase)

Scenarios

Attributable cases Annual mean
All-cause mortality A00-Y98 1.06 (1.02–1.11) Reduction to 20 g/m3

Cardiopulmonary mortality I10–I70 and J00–J99 PSAS-9 1.09 (1.03–1.16) Reduction to 15 lg/m3

Lung-cancer mortality C33–C34 Excel spreadsheet 1.14 (1.04–1.23) Reduction by 3.5 lg/m3

Gain in life expectancy Annual mean
All-cause mortality A00-Y98 1.06 (1.02–1.11) Reduction to 20 lg/m3

Cardiopulmonary mortality I10–I70 and J00–J99 AirQ 1.09 (1.03–1.16) Reduction to 15 lg/m3

Lung-cancer mortality C33–C34 1.14 (1.04–1.23) Reduction by 3.5 lg/m3

aPM2.5 indicates particles measuring less than 2.5 lm in diameter.
bICD: International Classification of Diseases and Related Health Problems.



Discussion

The new evidence provided by Apheis-3 confirmed
the findings of Apheis-2 [7, 8] and other studies
[18–21] that PM contributed in a non-negligible
manner to the total burden of mortality in urban
environments in Europe.

Methodological considerations

There are always uncertainties in the estimated ben-
efits of removing a particular exposure. Some of these
uncertainties are intrinsic, e.g. uncertainties in the
estimation of the underlying ERF. In addition, the
benefit may be achieved much later than predicted. In
our case, lower air pollution levels would take years
to be fully achieved and the lag-time between expo-
sure reduction and the consequent reduction in
mortality risks is not well-established yet, though
intervention studies [22, 23] show substantial reduc-
tions in mortality risks in the years immediately

following major reductions in ambient pollution, and
evidence from the Six Cities cohort study shows a
decrease in PM2.5 levels in the more recent years of
the study associated with reduced mortality risk [24].

Attributable cases are often interpreted as the
preventable fraction, meaning those that would have
been prevented had exposure been removed. How-
ever, caution should be used with such an interpre-
tation, because the attributable risk estimation does
not take competing risks into account. Removing one
risk factor, e.g., air pollution, will increase the relative
importance and contribution of other risks and cau-
ses of morbidity and mortality. Accordingly, for
multicausal diseases it is well known that the sum of
attributable cases across several risk factors does not
add up to 100% but may be larger [9].

For the first time in Apheis, we also estimated the
increase in life expectancy resulting from reductions
in exposures to PM2.5 pollution levels in different
scenarios. The findings of this HIA suggest that rel-
atively low concentrations of PM2.5 over a long-term
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Figure 1. Annual mean levels and 5th and 95th percentiles of the distribution of PM2.5* direct and PM2.5 converted from

PM10* in 23 Apheis-3 cities. *PM2.5 indicates particles measuring less than 2.5 lm in diameter; PM10, particles measuring
less than 10 lm in diameter.

Table 3. Summary findings of Apheis-3 HIAs in terms of potential reductions in the number of premature deaths and rates

per 100,000 in 23 Apheis-3 cities

Air pollution
indicator

Health indicator HIA scenario Potential long-term reduction in the
number of deaths

Number of
deaths

Number of
deaths/100,000/year

PM2.5
a All-cause mortality Reduction to 20 lg/m3 11,375 32

Reduction to 15 lg/m3 16,926 47
Reduction by 3.5 lg/m3 6355 18

Cardiopulmonary mortality Reduction to 20 lg/m3 8053 22
Reduction to 15 lg/m3 11,612 32
Reduction by 3.5 lg/m3 4199 12

Lung-cancer mortality Reduction to 20 lg/m3 1296 4
Reduction to 15 lg/m3 1901 5
Reduction by 3.5 lg/m3 743 2

aPM2.5 indicates particles measuring less than 2.5 lm in diameter.



exposure do reduce life expectancy in Europe. Other
studies in the literature obtained similar conclusions
when they analysed the effects of air pollution on life
expectancy [25–28].

Opinions vary regarding the relative merits of
estimating attributable cases or changes in life
expectancy as means of expressing the impact of
long-term exposure to air pollution on mortality. We
used both approaches. Both approaches were also
used in the cost-benefit analysis of the EC’s
CAFE programme, where the relative advantages
and disadvantages were also discussed [29].

Regarding exposure data, HIA findings depend
directly on the concentrations of measured partic-

ulate matter pollution. Cities where the PM2.5

measurement data was not available used conversion
factors (local or European) for calculating PM2.5

levels from PM10 measurements. In cities where both
sets of data were available, the annual mean of
measured PM2.5 concentration directly was slightly
lower than the annual mean levels of PM2.5 converted
from PM10 calculated using the European conversion
factor 0.7. It could imply that the European conver-
sion factor is a little too high. Besides PM2.5 con-
version factor, correction factors (local or European)
were used to correct automatic PM10 measurements.
In general, local correction factors were slightly lower
than the European default factor of 1.3 recommended
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by the EC Working Group on Particulate Matter.
Estimates of corrected PM10 and converted PM2.5 for
HIAs of long-term exposure may thus be high.

We could conclude that, if there were no other
uncertainties elsewhere, mortality estimates related to
long-term exposure to PM10 and PM2.5 could con-
sequently be higher too. However the extent of over-
estimation is small, in absolute terms, and in relation
to the many other sources of uncertainties that may
contribute to under (or over) estimate the impact:
number of air-pollution and health indicators con-
sidered for HIA, including or not sensitive subgroups
of the population, or choice of primary ERF and its
transferability.

Regarding the number of air pollution indicators
considered, we only used PM2.5 as a surrogate for the
complex air-pollution mixture. In relation to health
outcomes, cause-specific mortality was included to-
gether with all-cause mortality as complementary
information to enrich the mortality picture. But all-
cause mortality remains our first choice because it is
more robust, not subject to misclassification and
easier to obtain than morbidity data. Given that most
of the cities applied a quality-control programme and
given the low percentage of missing data for all-
causes mortality, we consider that erroneous entries
in the selection of cause of death did not affect the
comparability of the data between cities.

Regarding health outcomes, it is likely that our
HIA underestimates the full actual impact of fine
particles in Europe. First, we only assessed the PM2.5

impact on mortality, but morbidity was not analysed.
The amount of disease due to long-term PM2.5

exposure could be considerable in Europe [30–33].
Second, we did not consider the PM2.5 impact on
mortality under the age of 30 years, because valid
ERFs were not available when we carried out this
HIA. There is now sufficient evidence to infer a causal
relationship between particulate air pollution and
respiratory deaths in the post-neonatal period [34,
35]. Obviously, deaths at an early age affect sub-
stantially life expectancy in a population.

Our study did not focus on sensitive subgroups of
the population. The ACS study [14] reported higher

risks among people with lower educational status,
and the ACS study itself included (relative to the US
population as a whole) an under-representation of
people with lower educational attainment, and so,
arguably, an under-estimation of risks overall.

We used the most recent, well-established ERFs
and the most powerful study for long-term PM2.5

exposure [14]. It is an update of the ACS study cov-
ering 319,000 adults in 51 U.S. cities that doubled the
follow-up time to more than 16 years, controlled for
more confounding factors and used recent advances
in statistical modelling. The ACS study considers
variation in ambient pollution at the level of metro-
politan area in the USA. These are large units, geo-
graphically and in terms of population. This study’s
findings confirm the associations observed in their
previous study.

The main evidence that the estimate of 6% may not
be too high comes from a series of cohort studies
where pollution is characterised at a smaller spatial
scale. These well-conducted studies, e.g. Hoek et al. [36],
Jerret et al. [37], and Willis et al. [38] very consistently
report higher coefficients, in the order of 13%–17%
increase in mortality hazards, per 10 lg/m3 PM2.5.
Also, the Harvard Six Cities study [24, 39] shows
effects at this higher magnitude.

Preliminary findings of two European cohort
studies suggested that mortality was associated with
long-term average traffic-related air pollution, a ma-
jor contributor to PM2.5 [36, 40, 41]. Then, in the
absence of robust European ERFs for long-term
exposure to PM2.5, the transferability of U.S. ERFs
to the European countries seemed appropriate [42].
Nevertheless, the question of transferability of esti-
mates between the U.S. and Europe raises uncer-
tainties, since the toxicity of particulate matter
pollution and populations may differ between these
two continents. However, the contribution to the
general PM2.5 mixture of diesel particles from traffic
is greater in Europe than in the U.S., and results from
time series studies in both continents show higher
risks, per lg/m3 PM10, in Europe than in the U.S.
[43]. These facts suggest that by transferring the
key coefficient from the U.S. to Europe we may

0,00

0,50

1,00

1,50

2,00

2,50

0-
4

5-
9

10
-1

4
15

-1
9

20
-2

4
25

-2
9

30
-3

4
35

-3
9

40
-4

4
45

-4
9

50
-5

4
55

-5
9

60
-6

4
65

-6
9

70
-7

4
75

-7
9

80
-8

4
85

-8
9

90
-9

4
95

-9
9

10
0-

10
4

Age groups

Expected gain in life expectancy
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under-estimate, rather than over-estimate, a coeffi-
cient for Europe.

We should also be cautious when applying ERFs
to cities whose PM concentrations exceed the range
of the original study [14]. However, for most of the 23
cities studied, annual average PM2.5 was within the
range of the ACS study, the only marked exceptions
being Bucharest and Tel Aviv. Furthermore, the
general linearity of the ERFs within the ranges
studied gives some reassurance that extrapolation
above these ranges should not be seriously misleading
[42].

When interpreting the findings on annual mortal-
ity, we should remember that the main effects of air
pollution are associated with long-term exposure.
Most of the acute effects on mortality are included in
effects of long-term exposure and represent around
15% of these chronic effects, when judged in terms of
the number of attributable cases [9]. But not all short-
term health impacts are included in the long-term
impacts [9, 44, 45]. Consequently, in our study
omitting ERFs from time series also lead to under-
estimating the short-term impact on mortality.

Policy implications

As regards exposure data, in addition to the existing
PM10 monitoring networks, we recommend imple-
mentation of continuous PM2.5 monitoring networks
in all the participating Apheis cities to provide reli-
able, regular information on population exposure to
ambient PM2.5. In the meantime, more research is
needed in each Apheis city and at the European level
to define adequate local/European conversion/cor-
rection factors.

In relation to health data, substantial efforts should
be made in most of the countries to reduce the time
needed to obtain validated, comparable mortality
and morbidity data.

Besides information on air pollution and health
data, HIA requires information on ERFs. Questions
about the transferability of ERFs would be avoided if
the available ERFs of long-term exposure to PM2.5

were based on European studies. We welcome that a
major cohort study in Europe is one of the EC’s
priorities for environment and health research in the
forthcoming Framework VII Research Programme.

As for the HIA scenarios we proposed, Apheis-3
revealed that reducing converted PM2.5 levels to
15 lg/m3 produces a benefit in terms of both total
and cause-specific mortality that is over 30% greater
than for a reduction to 20 lg/m3. Apheis-3 also
showed that even small reductions in annual average
PM2.5 levels (by 3.5 lg/m3) may have substantial
public health benefits.

Some countries have already established air quality
standards for PM to protect the most sensitive groups
of people, including infants and children, the elderly
and persons with heart or lung disease. For example,

California’s annual PM standards (12 lg/m3) are
even more protective of human health than the cor-
responding set by US EPA (15 lg/m3). Nevertheless,
studies on large populations show a strong effect of
PM2.5 on mortality and these effects are expected to
occur even below such low levels (ACS & Los
Angeles ACS extension, [37]). Additionally, no
threshold has been found in studies of acute effects of
PM2.5 [46] and besides we should remind that recent
intervention studies [22, 23, 47, 48] do indicate the
reduction in mortality and morbidity after decreases
in air pollution.

In conclusion, in the context of the debate on the
EC proposal for PM2.5 Apheis adds further support
to WHO’s view that ‘‘it is reasonable to assume that a
reduction of air pollution will lead to considerable
health benefits’’ [10] and these benefits are expected to
occur to levels well below those currently experienced
in European cities. The Apheis-3 HIA has demon-
strated the public health benefits of 15 lg/m3 as a
limit value for PM2.5. However, because a significant
health impact can be expected even at 15 lg/m3, we
advise to achieve further reductions in PM2.5 levels,
wherever practicable.
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