Eur Respir J 2012; 39: 525–528
DOI: 10.1183/09031936.00001112
CopyrightßERS 2012

EDITORIAL

Ten principles for clean air
B. Brunekreef*,#, I. Annesi-Maesano",+, J.G. Ayres1, F. Forastieree, B. Forsberg**, N. Künzli##,"",
J. Pekkanen++,11 and T. Sigsgaardee

he European ‘‘Year of the Air’’ 2013 will be upon us soon:
over the next several months, the European Union (EU)
will revise its main air pollution control policies. Lack of
clean air is one of the most important environmental threats to
public health in Europe today. The European Respiratory
Society Environment and Health Committee (www.ersnet.org)
has developed 10 concise principles for clean air, which
summarise the scientific state of the art and provide guidance
for public health policy. This editorial was written in order to
explain these 10 principles.

T

1) Citizens are entitled to clean air, just like clean water and safe food.
This principle, really, should be self-evident to the extent that
one should be embarrassed to even mention it. But the reality
is that millions of Europeans live in areas where it is unsafe to
breathe the air around them.
The most recent EU key directive on ambient air quality is
Directive 2008/50/EC. It recognises the need to reduce
pollution to levels which minimise harmful effects on human
health. The limit values adopted for airborne particulate matter
were, however, far higher than recommended by the World
Health Organization (WHO). For example, an annual average
limit value for respirable particles (particulate matter with a 50%
cut-off aerodynamic diameter of 2.5 mm; PM2.5) was set at
25 mg?m-3 which is 2.5 times higher than the level recommended
by the WHO. WHO guidelines are based on health considerations only, and do not take into account the economical or
technical feasibility of meeting the guidelines. The EU Directive
recognises that there is no identifiable threshold for PM2.5 and
states that policies should aim at general reductions in
concentrations at urban background sites. However, no binding
legislative measures have been taken so far to enforce this. A
detailed assessment of the public health aspects of the current
directive has been published [1].

The EU target value for ozone is 120 mg?m-3 as a maximum 8-h
average value, not to be exceeded on more than 25 days a year.
The WHO air quality guideline is 100 mg?m-3, and even at this
level WHO estimates a 1–2% increase in daily mortality
compared to a baseline of 70 mg?m-3.
Compliance alone with current EU legislation for particulate
matter and ozone, in short, does not adequately protect public
health.
2) Outdoor air pollution is one of the biggest environmental health
threats in Europe today, leading to significant reductions of life
expectancy and productivity.
A few years ago, the WHO estimated the effects of man-made
airborne particulate matter on life expectancy [2]. The results of
this analysis indicate that current exposure to particulate matter
from anthropogenic sources leads to an average loss of
8.6 months of life expectancy in Europe. The impacts vary from
around 3 months in Finland to more than 13 months in Belgium.
Impacts on productivity (measured as days lost from work)
could be substantial as well, although fewer studies exist on
which estimates can be based. A recent analysis from the USA
attributed 18,000,000 lost work days annually to PM2.5 exposure,
and 11,000,000 school absence days to ozone exposure [3]. A
European analysis calculated for the year 2005 that some 625
million restricted activity days could be attributed to ozone and
PM10 alone [4].
A recent study in six western European countries compared the
public health impact of nine major environmental exposures
and showed that particulate air pollution clearly caused the
greatest burden of disease of the nine factors investigated [5].
3) Fine particles and ozone are the most serious pollutants. There is
an urgent need to reduce their concentrations significantly.
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Numerous studies have documented adverse effects of fine
airborne particles on public health. Cohort studies, in which
large groups of people have been followed for many years,
offer the strongest evidence. The most recent update of the
American Cancer Society (ACS) study estimated that mortality
increases by 6–8% for every 10 mg?m-3 increase in long-term
PM2.5 concentrations in the community [6]. Larger per cent
increases were reported for cardiovascular disease and lung
cancer mortality. Health impact assessments for fine particles
in Europe have assumed a 6% increase in mortality based on
earlier ACS reports [7] so these estimates may have been
somewhat conservative. The one European cohort study that
has reported estimates for PM2.5 found a 6% increase per
10 mg?m-3 as well [8].
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Particulate matter and ozone have significant short-term effects
on mortality and hospital admissions; in addition, there is now
also some evidence for a long-term effect of ozone on respiratory,
but not cardiovascular, mortality after adjustment for PM2.5 [9].
The impact of ozone on public health may therefore be larger
than estimated in the WHO air quality guidelines. A recent
analysis from the USA estimated that, annually, 130,000
premature deaths could be attributed to PM2.5, and an additional
23,700 to ozone [3], assuming the long-term effects of ozone on
respiratory mortality are real.
It is generally recognised that effects of ozone and fine particles
have a very low threshold, if indeed there is one. This means that
exposure to levels even below the WHO air quality guidelines
can still be expected to produce sizeable adverse effects on public
health. Reductions of air pollution over the past two decades
have been shown to be associated with increases in life
expectancy in the USA and improved respiratory health [10, 11].
4) Roadside pollution poses serious health threats that cannot be
adequately addressed by regulating fine particle mass or ozone. Other
metrics such as ultrafine particles and black carbon need to be
considered in future research and so inform further regulation.
Many studies, especially from Europe, have documented
adverse health effects of living or attending school close to
busy roads. These effects include mortality, respiratory and
cardiovascular disease in adults, as well as asthma and other
respiratory and allergic reactions among children. Yet, gradients
of particle mass close to busy roads are often small, and ozone
concentrations are, if anything, lower close to busy roads than at
some distance. It is unlikely that the observed effects can be
attributed to particle mass, and certainly not to ozone. Some
other pollutants have much steeper gradients close to roadways;
these include ultrafine particles and black carbon (soot). Black
carbon and close surrogates thereof have been used in many
studies and the evidence is compelling enough to recommend
consideration of black carbon as an additional health relevant
indicator of air pollution for research, as well as regulation [12].
Ultrafine particles, i.e. particles below 100 nm in size, are
increasingly being studied, and are also present in very high
levels near busy roads. The evidence is not yet sufficiently
strong to recommend establishing numerical air quality guidelines or limit values for ultrafine particles [13, 14], but it is
prudent to strengthen policies in order to reduce or eliminate
ultrafine particle emissions from motor vehicles, given the
emerging toxicological and epidemiological evidence.
5) Non-tailpipe emissions (from brakes, tyres and road surfaces, etc.)
pose a health threat for road users and subjects living close to busy
roads.
In recent years, it has become clear that non-tailpipe emissions
from brakes, tyres and road surfaces, etc. contribute significantly
to fine and, in particular, coarse particles measured at roadside.
This is especially so in northern countries where, in winter, roads
are frequently sanded and studded tyres are used to improve
traction on slippery roads. However, this is also true, albeit to a
somewhat lesser extent, of parts of Europe with milder winters
[15]. The risks of exposure to these particles are not yet
completely understood, but toxicology studies support that
these particles may have important biological effects [16, 17].
Evidence is emerging that coarse particles and wind-blown dust
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from, for example, the Sahara, may have adverse health effects as
well, which require attention and control [18].
6) Real-world emissions of nitrogen dioxide from modern diesel engines
are much higher than anticipated. This may expose many road users,
and subjects living on busy roads, to short-term peak concentrations
during rush hours and periods of stagnating weather that may impact
on health, although to what extent requires further research.
Unexpectedly, roadside NO2 concentrations have been increasing in many areas, as a consequence of altered NO2/NOx ratios
in emissions of diesel engines equipped with particle traps [19].
Sometimes, short-term peak concentrations reach hundreds of
microgrammes per cubic metre, levels which may produce
acute respiratory effects in susceptible subjects [20]. Studies
have shown that the annual average limit value of 40 mg?m-3 will
be exceeded at many roadside locations throughout Europe for
years to come [21]. The health risks associated with long-term
average pollutant mixtures with such elevated NO2 concentrations require further study, as the ratio between NO2 and other
components of the mixture has been changing.
7) Global warming will lead to more heatwaves, during which air
pollution concentrations are also elevated and during which hot
temperatures and air pollutants act in synergy to produce more
serious health effects than expected from heat or pollution alone.
Higher summer temperatures and heatwaves will produce
higher ozone concentrations in summer (assuming other things
remain equal) [22, 23]; this will lead to increased mortality and
hospital admissions. Global warming and decrease in rainfall
will also increase the amount of wildfire episodes and thereby
increase exposure to air pollution from biomass burning.
Especially during heat waves, synergism may occur between
air pollutants on the one hand and high temperatures on the
other hand, producing more adverse effects on public health
than would be expected from high temperatures or air
pollution alone [24].
8) Combustion of biomass fuel produces toxic pollutants. This is true
for controlled fires, such as in fireplaces, woodstoves and agricultural
burning, as well as for uncontrolled wildfires. There is a need to
assess the real health impacts of air pollution from these sources in
many areas in Europe to inform on the need for better control.
The wildfire events in the summer of 2010 in Russia have
dramatically illustrated how smoke from biomass combustion
can lead to long periods of extremely high particulate matter air
pollution concentrations [25]. The effects on mortality and
morbidity are likely to have been severe but await further study.
Wood smoke exposures can be high in EU areas where wood is a
major source of home heating and cooking (parts of Scandinavia,
the Alpine region and elsewhere) [26]. Combustion products
from biomass fires are likely to be as toxic as combustion
products from fossil fuels [27, 28], yet there is far less systematic
study or control of the health effects of such pollutants. The use of
biomass burning is currently been strongly promoted in Europe
to reduce greenhouse gas emissions. It is important that, as much
as possible, this burning should be done in larger installations
with efficient and clean burning to reduce particulate air
pollution emissions.
9) Compliance with current limit values for major air pollutants in
Europe confers no protection for public health. In fact, very serious
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health effects occur at concentrations well below current limit values,
especially those for fine particles.
The current limit values in Europe for particulate matter offer
no protection whatsoever from adverse effects on public health
[1, 29]. The limit values are far above recommendations by the
WHO and also well above air quality standards in the USA
and other developed countries. There is an urgent need to
inform national and local policy makers about this, as air
pollution control policies tend to weaken once limit values are
no longer exceeded, which may be legally justifiable, but offers
a completely false sense of security. To some extent this is also
true for ozone, where the limit values are higher than levels at
which adverse effects on mortality and hospital admissions
have been clearly observed [30].
10) EU policies to reduce air pollution are needed that ultimately lead
to air that is clean and no longer associated with significant adverse
effects on the health of European citizens. The benefits of such policies
outweigh the costs by a large amount.
In view of the large negative health impacts of ambient air
pollution in Europe today, urgent action is needed to reduce
concentrations of especially fine particles and ozone further.
Earlier cost benefit analyses have clearly shown that the
monetised benefits of further pollution reduction in terms of
increased life expectancy, reduced loss of productivity and
reduced illness burdens outweigh the cost of further air
pollution reductions [31].
Therefore, EU policies to reduce air pollution from all major
sources are needed that ultimately lead to air that is clean and
no longer associated with significant adverse effects on the
health of the European citizens.
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