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ABSTRACT Air pollution constitutes one of the main threats to public health in Europe. Significant
impacts on the health of Europeans in terms of morbidity and mortality have been observed, even in cases
of low exposure and where pollutant levels are within limits set by the European Union (EU). The
respiratory system is a primary target of the harmful effects of key air pollutants. Emissions of many air
pollutants have decreased substantially over the past decades in Europe, resulting in diminished
concentrations and improved air quality. However, in several European cities concentrations still exceed
EU reference values and, more often, the stricter World Health Organization air quality guidelines for all
regulated air pollutants ( particles with 50% cut-off aerodynamic diameters of 10 and 2.5 µm, nitrogen
dioxide (NO2), benzo[a]pyrene and ozone (O3)) except sulfur dioxide. In addition, current trends indicate
that in the absence of substantial changes, particulate matter, NO2 and O3 will still exceed limits in 2020.
Additional efforts must be made to comply with current standards and guidelines. These should include a
more accurate and detailed monitoring of air pollutants, reduction of emissions and individual behaviour
changes.

Introduction
Air pollution constitutes one of the main environmental threats to Europeans. Hence the question “The air
of Europe, where are we going?” This review describes the current air quality situation and the progression of
air quality guidelines in Europe and presents possible solutions to reduce emissions and individual exposure
in view of the prevention of air pollution-related diseases, in particular respiratory diseases.

Respiratory effects of air pollution
Air pollution harms human health in the short and long term. The World Health Organization (WHO)
reports that each year ∼7 million people die (one in eight of total global deaths) as a result of air pollution
exposure [1]. In Europe, while air quality is slowly improving, air pollution remains the single largest
environmental health hazard, resulting in a lower quality of life due to illness and an estimated 467 000
premature deaths per year, as reported by the European Environment Agency (EEA) [2]. Inhalation is the
first route of entry of air pollutants and, as a consequence, cardiopulmonary effects are the most evident
effects of air pollution exposure, cardiac effects being due to translocation of certain air pollutants from
the lungs into the circulatory system. In the past 10 years, the European Respiratory Journal has published
almost 300 papers on air pollution-related respiratory effects, including a series of articles on this topic,
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and more recently a joint European Respiratory Society/American Thoracic Society policy statement on
the adverse health effects of air pollution [3]. This statement reports recent data, updating and broadening
previous knowledge on what constitute adverse effects of air pollution on respiratory health. In addition,
many new biomarkers of respiratory effects have been developed and applied in air pollution studies.
These include increased levels of markers of airway inflammation (e.g. polymorphonuclear leukocytes or
inflammatory cytokines in bronchoalveolar lavage or sputum), increased levels of airway injury or
inflammation in exhaled breath (e.g. increased acidity of exhaled breath or condensate or increased exhaled
nitric oxide fraction) and increased levels of blood markers of lung injury (e.g. 8-isoprostanes, club cell
secretory protein).
In terms of mortality, both short-term and long-term exposure to air pollution have been linked to
mortality from respiratory infections, chronic obstructive pulmonary disease (COPD) and lung cancer [4–7].
In terms of morbidity, air pollution has been related to asthma attacks, exacerbations of COPD and
idiopathic pulmonary fibrosis (IPF) and childhood respiratory infections [4, 7–10] following short-term
exposure, and, albeit with less evidence, to the development of asthma, COPD and lung cancer following
long-term exposure [11–14]. The respiratory disease burden in children due to air pollution is huge, with
children dying from respiratory infections in their early years in developing countries [3]. More
importantly, air pollution is responsible for intermediate respiratory phenotypes such as upper and lower
respiratory symptoms [3], airway inflammation and decreased lung function and lung growth leading to
respiratory health impairment [15–20]. In addition, and of high relevance in public health, there is evidence
of increased incidence of preterm birth, low birthweight or growth restriction, leading to adverse respiratory
outcomes, due to exposure to air pollution [3]. Lastly, recent evidence shows that air pollution is responsible
for effects in organs other than the respiratory system, namely in those involved in comorbidities of
respiratory diseases such as cardiovascular diseases, metabolic diseases, osteoporosis, rheumatoid arthritis
and neurodegenerative disorders [21], thus supporting the adverse role of long-term exposure.

Air pollution in Europe
Major outdoor air pollutants
Air quality depends on the air pollutants chosen to be regulated and the systematicity of their monitoring.
Major air pollutants monitored in Europe include gases such as nitrogen dioxide (NO2), ozone (O3),
sulfur dioxide (SO2) and benzo[a]pyrene (BaP) and particulate matter. In Europe, NO2 pollutes the air
mainly as a result of road traffic and energy production through fossil fuel combustion processes. At
ground level, O3 is a gas that is formed from other air pollutants such as oxides of nitrogen (NOx) and
volatile organic compounds (VOCs) under the action of light and which reacts with other air pollutants
(nitric oxide) and biocontaminants (allergens and pollens). O3 distribution varies according to space and
time of the day, with peaks in the afternoon. In Europe, O3 levels are lower in urban polluted areas than
elsewhere, because it vanishes when it reacts with other pollutants. SO2 is emitted mainly from industry
and its highest concentrations overall are found in Eastern Europe. BaP has been taken as an indicator for
polycyclic aromatic hydrocarbons. Particulate matter is the sum of all solid and liquid particles suspended
in air that result from both anthropogenic (traffic, domestic combustion, agricultural operations, industrial
processes, combustion of wood and fossil fuels and construction and demolition activities) and natural
(windblown dust, wildfires and volcano eruptions) activities. Particulate matter contains dust, soot, smoke,
fly ash, aerosols, fumes, mists and condensing vapours, pollen, spores, plant and insect parts and liquid
droplets. Particles have many different size ranges and vary in their chemical composition. Particles are
considered primary or secondary, according to whether they are directly emitted from a stationary and
mobile sources ( primary particles) or formed in the air (secondary particles) by transformation of gaseous
emissions. The contaminants, namely oxides of sulfur, NOx, VOCs and ammonia, which help form
secondary particulate matter, result from human and natural activities. In Europe, particles with a 50%
cut-off aerodynamic diameter of 10 µm (PM10) and 2.5 µm (PM2.5), the so-called fine particles, are
monitored and regulated, the latter only recently and on an annual basis. In Europe, sulfates, nitrates and
organic matter are the main components of particulate air pollution in terms of the mass of the particles.
Although of relevance in terms of health implications, smaller particulate matter such as ultrafine particles
(UFPs) of an aerodynamic diameter of 0.1 µm are not yet regulated in Europe. UFPs have a negligible
mass and therefore have to be counted. UFPs can be fabricated intentionally or are by-products, such as
emissions from specific processes, combustion reactions or equipment such as printer toner and
automobile exhaust fumes, automotive emissions being the major source in Europe. Hot volcanic lava,
ocean spray and wood smoke are common natural sources of UFPs. Polycyclic aromatic hydrocarbons,
some of which are strongly carcinogenic, are one class of compounds contained in the organic fraction of
the fine particulate matter. The proportion of the organic fraction in particulate matter is known to vary
with particle size. The ultrafine fraction is hypothesised to be the most important carrier of polycyclic
aromatic hydrocarbons, since it possesses the highest specific surface area of particulate matter.
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The evolution of air pollution and air quality guidelines in Europe
As reported by the EEA [2], emissions of many air pollutants have decreased substantially in Europe over
the past decades, resulting in diminished concentrations and improved air quality across the continent.
Between 2000 and 2014, significant decreasing trends in the PM10 and NO2 annual mean concentrations
were found for 75% of air quality monitoring stations. In the same period, SO2 concentrations were
generally below the limit values for the protection of human health. Similarly, on average, concentrations
tended to decrease between 2006 and 2014 for PM2.5 and between 2007 and 2014 for BaP. However,
concentrations still exceed European Union (EU) reference values, and even more often the stricter WHO
air quality guidelines (AQGs), which offer guidance on reducing the effects on health of air pollution
(table 1) in several European cities for all air pollutants except SO2, promulgated by the European
Commission in 2012, and by the WHO in 2016. Previous guidelines were presented in European
Commission air quality directives in 1987, 2004 and 2008 and in 2005, 2012 and 2015 by the WHO.
The latest data available from the EEA Air Quality e-Reporting database [23] show that EU limit values
were still not respected at one or more stations, in urban areas overall, in the EU 28 member states during
2014. To give some examples, in that year, annual EU limit value was widely exceeded in 4% of all the
reporting stations for PM10 and in 12% of the stations for NO2. At the country level, concentrations of
PM2.5 and BaP above the EU annual reference values were registered by four and 12 member states,
respectively, and 21 member states registered concentrations of PM10 greater than the EU daily limit. In
addition, 16 countries registered concentrations above the EU 8-h O3 target value for the protection of
human health. Furthermore, current trends indicate that EU limit values of particulate matter, NO2 and
O3 will still be exceeded in 2020. This implies that additional efforts must be taken to comply with current
EU standards.
Level of individual exposure in Europe
Available data indicate that a significant proportion of Europeans live in areas, especially cities, where
concentrations of pollutants exceed those stated in air quality standards (table 2).
In 2014, according to EU reference limit values, the air pollutant to which the population was most
exposed was BaP, followed by PM10, NO2, PM2.5, O3 and SO2, whereas according to WHO AQGs it was
NO2, followed by PM2.5 and BaP, PM10, SO2 and O3. The stricter WHO AQGs indicate that, excluding O3,
49–98% of the population is exposed to levels above the guideline limit values. In the case of O3, one out of
10 individuals is exposed to hazardous levels of this air pollutant according to WHO AQGs.

Preventing the effects of air pollution
According to existing data, two types of actions have been implemented to reduce the impact of air pollution:
the reduction of air pollution emissions and the reduction of the exposure of individuals to air pollution.
Reduction of air pollution emissions and individual exposure may be implemented at three different levels,
namely governmental, industrial and individual, through the implementation of targets for interventions
and recommendations. The role of the European Community is to promote and support such actions.
In 2011–2013, the Commission conducted a review of EU air policy, which resulted in the adoption of the
Clean Air Policy Package. As part of the package, the Commission proposed a Clean Air Programme for

TABLE 1 European Union (EU) reference values and World Health Organization (WHO) air
quality guidelines (AQGs) for the main air pollutants [22]
EU reference value

WHO AQGs

PM2.5

25 µg·m−3 annual mean

PM10

O3
SO2

40 µg·m−3 annual mean
50 µg·m−3 24-h mean (not to be exceeded on >35 days per year)
40 µg·m−3 annual mean
200 µg·m−3 1-h mean
120 µg·m−3 8-h mean
125 µg·m−3 24-h mean (not to be exceeded on >3 days per year)

BaP

1 ng·m−3 annual mean

10 µg·m−3 annual mean
25 µg·m−3 24-h mean
20 µg·m−3 annual mean
50 µg·m−3 24-h mean
40 µg·m−3 annual mean
200 µg·m−3 1-h mean
100 µg·m−3 8-h mean
20 µg·m−3 24-h mean
500 µg·m−3 10-min mean

NO2

PMx: particles with a 50% cut-off aerodynamic diameter of x µm; NO2: nitrogen dioxide; O3: ozone; SO2:
sulfur dioxide; BaP: benzo[a]pyrene.
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TABLE 2 Percentage of the urban population exposed to air pollutants in the 28 European
Union (EU) member states according to EU reference values for the main air pollutants and
World Health Organization (WHO) air quality guidelines (AQGs) for 2014 [24]

PM2.5
PM10
NO2
O3
BaP
SO2

Estimated exposure according to
EU reference values

Estimated exposure according to
WHO AQGs

12
21
17
9
24
<1

91
63
98
9
91
49

Data are presented as %. Concentrations of particles with a 50% cut-off aerodynamic diameter of x µm
(PMx), nitrogen dioxide (NO2), ozone (O3) and sulfur dioxide (SO2) are measured in μg·m−3; concentrations
of benzo[a]pyrene (BaP) are measured in ng·m−3. Data from [25].

Europe, updating the 2005 Thematic Strategy on Air Pollution in order to set new objectives for EU air
policy for 2020 and 2030. The main legislative instrument to achieve the 2030 objectives of the Clean Air
Programme is directive 2016/2284/EU on the reduction of national emissions of certain atmospheric
pollutants, which came into force on December 31, 2016. This directive sets national reduction
commitments for the five pollutants (SO2, NOx, VOCs, ammonia and fine particulate matter) responsible
for acidification, eutrophication and ground-level O3 pollution. The new directive ensures that the
emission ceilings for 2010 set in the previous directive shall apply until 2020. Directive 2016/2284
transposes the reduction commitments for 2020 taken by the EU and its member states under the revised
Gothenburg Protocol and sets more ambitious reduction commitments only for 2030. Unfortunately, the
directive excludes methane from the scope of the proposal; however, it enables flexibilities in certain cases,
such as problematic enforcement of source-based legislation, unforeseen events in energy supply and
production systems and particularly cold winters or dry summers. Of note, as previously emphasised, the
EU reference values for the main air pollutants are higher than the WHO AQGs. Therefore, additional
initiatives to reduce air pollution emissions have to be promoted.
Control measures that reduce air pollutants emissions tend to have a beneficial impact on ambient air
pollutant levels and health. This has been shown in terms of public health in Switzerland [26]. The
reduction of air pollution can be achieved through industrial upgrading, vehicle and fuel renovation,
alternative energies, improvements in public transportation, city development programmes to reduce
transportation and increase pedestrian areas and systematic health education to reduce both air pollution
emissions at individual level and personal exposure by avoiding polluted zones. Lowering of personal
exposure can be obtained by adopting low-emission and more responsible mobility. As practical examples,
extra steps to reduce air pollution emission include reducing the number of trips taken by car, by
carpooling, using public transport, biking or walking whenever possible; using environmentally safe paints
and cleaning products whenever possible; reducing or eliminating fireplace and wood stove use; avoiding
burning leaves, trash and other materials; and avoiding fuel-powered lawn and garden equipment.
In this context, the groups of people that are more susceptible to suffer health effects due to air pollution
have to be more protected. These include elderly people, children and people with obesity or pre-existing
heart and lung disease (asthma, COPD and IPF). In educating patients, physicians should encourage
awareness of daily air quality, which can be found in weather broadcasts, on websites or through the use of
notifications provided via email or an app and should provide recommendations for reducing exposure by
basing activity on the air quality and on the patient’s level of risk. Other groups, such as socially
disadvantaged and poorly educated populations, may be more vulnerable due to higher exposure. It is
crucial to address these populations. For them, exposure diminution can be obtained through reduction of
air pollution and city development.
To be effective, reduction actions must be supported by precise air quality monitoring. Accurate
monitoring at the individual level is a crucial step in the prevention of the effects of air pollution. It must
emphasised that air quality data represent levels at fixed air quality monitor stations situated in
representative places according to EU legislation. These may not be sufficient to protect those who live far
from these places or who commute. In fact, at the proximity level, ad hoc measurements or dispersion
model estimations have indicated that levels of air pollutants have not diminished over time in several sites
and in these same sites, the number of vehicles has increased. The final purpose of assessing air pollution
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should be to enable the use of personal remote sensors to monitor individual real-time exposure to major
air pollutants, in order to better understand health effects and mechanisms and to prevent exacerbations
of asthma, COPD and IPF.

Conclusion
Air pollution still constitutes one of the main environmental threats to Europeans. However, action to
prevent its health effects is possible.
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