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Summary. — Outdoor air pollution —in particular particulate matter, nitrogen dioxide and ozone— can exert its eﬀects on health after acute (short-term)
and chronic (long-term) exposures. Short-term exposures increase the probability
of the onset of acute diseases within a few days, such as myocardial infarction or
stroke, or even death in the case of susceptible individuals. Long-term exposures
are associated with decreased survival and incidence of several non-communicable
diseases, including cardiorespiratory conditions and lung cancer. In Europe, the
large ESCAPE project (European Study of Cohorts for Air Pollution Eﬀects —
www.escapeproject.eu) evaluated the chronic eﬀects of air pollution in the cohorts
of adult subjects. The results of ESCAPE show an association between chronic
exposure to air pollutants and natural mortality, cardiovascular events, lung, brain,
breast and digestive tract cancer. The recent joint statement of the European Respiratory Society and the American Respiratory Society clariﬁes the wide spectrum
of adverse eﬀects of pollution, including “new” diseases such as neurological and
metabolic syndrome previously not studied. The estimates by the Global Burden of
Disease provide nowadays indications that air pollution causes illness and mortality,
just after diet, smoking, hypertension and diabetes: 4.2 million premature deaths
a year worldwide. Ischemic heart disease, stroke, chronic obstructive pulmonary
disease, acute lower respiratory infections are the main conditions associated with
air-pollution–related mortality.
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1. – Introduction
According to United Nations estimates, by 2050, almost 70% of the world’s population will be living in urban environments, due to increased employment opportunities,
access to goods and services, innovation and opportunities for cultural and political participation [1]. However, the population living in cities suﬀers from problems related to
inadequate housing and transport, waste management, heat islands, and air quality that
does not comply with World Health Organization (WHO) guidelines. The present contribution summarizes the current knowledge on the health eﬀects of air pollution and its
impact worldwide and indicate a speciﬁc role for the health professionals to act in order
to protect public health.
2. – The health impact of pollution in the world
Globally, 92% of the population lives in places where air quality does not comply
with World Health Organization (WHO) guidelines. In total, 4.2 million deaths were
attributed to outdoor air pollution in 2016 (airborne particulate matter, PM2.5), an
estimate that has remained constant since 1990. The current forecasts estimate a doubling of attributable deaths by 2050, largely due to rising pollution levels in rapidly
industrialising Asian countries and a global ageing population resulting in higher rates
of non-communicable diseases.
The international project Global Burden of Disease (GBD) [2], since 2012, periodically
evaluates the health status of 195 nations around the world by examining causes of death,
disease and risk factors. There are clear diﬀerences in the world in life expectancy at
birth; Italy, for example, after Japan, has a longer life expectancy than all other countries,
both for men and women, The GBD also identiﬁes, at country-level, the relevant risk factors responsible for early mortality. When looking at global data, the well-known individual risk factors such as blood pressure, body mass index, cigarette smoking and reduced
physical activity are in the ﬁrst places. Alongside these, the GBD places the emphasis on
air pollution which is the sixth leading cause of illness and disability in the world. One
important condition, cardiovascular disease (CVD), is the leading cause of death worldwide, with more than 17 million premature deaths in 2016, and exposure to environmental
pollutants is responsible for about 3.3 million of these deaths, mainly from ischemic heart
disease (IHD) and stroke (http://ghdx.healthdata.org/gbd-results-tool). In 2013,
the WHO International Agency for Research on Cancer established that there is suﬃcient evidence of the carcinogenicity of airborne particulate matter (PM10 and PM2.5),
particularly lung cancer. Compared to other environmental factors such as water, soil or
electromagnetic wave pollution, air pollution is by far the most important environmental
risk factor. In Italy it ranks eighth in the grade of the main risk factors for the health of
the population and is responsible for tens of thousands of premature deaths and a significant increase in morbidity for many chronic diseases (www.VIIAS.it; EEA report 2018,
https://www.eea.europa.eu/highlights/air-pollution-still-too-high). Reducing exposure to air pollution is therefore essential to achieve the target of reducing
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premature CVD mortality by 25% by 2025 as proposed by the World Heart Federation [3].
The cardiovascular risk attributable to pollution can be quantiﬁed and can be modiﬁed
by population-based risk removal interventions, but individual interventions are also
important [4]. The National Health Service (NHS) in general, and health personnel in
particular, have an important role in reducing the global CVD burden attributable to
air pollution. The NHS has ﬁrst and foremost an important advocacy role, i.e. the
responsibility to bring other sectors (transport, industry, agriculture, urban planning) to
consider health, and the possible direct and indirect health consequences of air pollution.
The “health in all” WHO policy is a strong incentive for economic and development
choices to consider the costs associated with pollution and the need for environmental
promotion. Doctors and health personnel, because of the role they play in society, have
the responsibility to ask in all possible instances for the reduction of emission sources.
However, as with other traditional risk factors for CVD (e.g., cholesterol or blood pressure
levels), physicians can identify patients at high risk of exposure to air pollution and
provide recommendations and interventions to reduce the individual risk of CVD.
Unfortunately, there is no established approach on this issue on how to frame air
pollution and CVD risk at individual level, and most physicians do not have the necessary
tools and collaboration network to assess the risk of exposure in their patient population
and to provide intervention recommendations to high-risk patients. This contribution
is intended to provide stimuli and guidance, also based on indications from a speciﬁc
publication in the United States [5].
3. – Air pollutants, sources and emission
Air pollution is a complex mixture of air pollutants, the main ones being air particulate
matter (PM) and gaseous pollutants such as ozone, nitrogen dioxide (NO2 ), volatile
organic compounds, carbon monoxide (CO) and sulphur dioxide (SO2 ). Atmospheric
particulate matter varies in composition and size and it is a mixture of solid particles
containing carbonaceous material, combustion residue, other organic substances (such
as polycyclic aromatic hydrocarbons), inorganic metals and ions and gaseous substances
trapped in particles such as NO2 , SO2 and CO [6].
PM is generally divided into three size classes corresponding to its ability to penetrate
the respiratory tract, on which the intensity and severity of the harmful eﬀects depend.
– PM10 - particulate matter consisting of particles with a diameter < 10 μm, an inhalable dust, i.e. capable of penetrating the upper respiratory tract (nose, pharynx
and larynx).
– PM2.5 - ﬁne particulate matter with a diameter < 2.5 μm, capable of penetrating
the tracheobronchial tract (trachea, bronchioles).
– UFP, ultraﬁne particulates: diameter < 0.1 μm, they are able to penetrate deeply
into the lungs up to the alveoli.
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The chemical components of PM2.5 vary according to the emission source and include
elemental carbon, transition metals, complex organic molecules, sulphate, nitrate, soil
and dust [7].
In our country, the main source of air pollution, especially in urban areas, is still
represented by the exhausts of vehicular traﬃc, in particular diesel engines; however, it
has also been recognized in recent years the important role of biomass combustion (such
as wood and pellets used for heating), which are highly polluting and responsible for an
increase in the concentration of PM especially in northern and rural areas. In addition to
these polluting sources, there are other important ones. Agriculture and livestock farming
contribute considerably due to ammonia emissions, which are transformed into secondary
particulate matter by chemical transformation in the atmosphere. Finally, there are
industrial emissions. The epidemiological study Sentieri [8] has considered all the large
industrial areas with a strong environmental pressure in the country, demonstrating
that, even adjusting for the socioeconomic level of the inhabitants, the health status of
the population in these areas is compromised. Moreover, the Italian cases due to the
industrialization of the 60s and 70s are on the media. Just to name a few, starting from
the south, the industrial complexes of Gela and Augusta in Sicily, Taranto and Brindisi
in Puglia, Civitavecchia in Lazio, and Acna di Cengio in Liguria.
The European Union issues directives for the control of environmental pollution with
the limit values of the concentration of pollutants and Italy adopts the European legislation. However, many European countries, including Italy, do not actually comply
with the regulations. In urban areas of our country, the limits indicated are exceeded.
Nitrogen dioxide, a gas with toxic action, is above the annual limit allowed by European
directives in many urban areas. Large areas, such as the Po Valley, are above the limits
for PM10 and PM2.5. For this reason, Italy is subject to infringement procedures by the
European Community. But the problem is not only the regulation, but a fundamental
contradiction of the system. The WHO recommends in fact much lower concentration
values of pollutants than those prescribed by European legislation (the WHO Air Quality
Guidelines for the protection of human health). There is a major discrepancy between
what is prescribed by law at European level and what is recommended by the WHO as
guide values for air quality that is not harmful to health. For example, the limit value
of the annual average PM2.5 is 25 μg/m3 for European legislation (and therefore also for
Italian legislation) while the WHO guidelines are much stricter and recommend a value
of 10 μg/m3 to protect the health of the population, a signiﬁcant diﬀerence.

4. – How to measure or estimate air pollution
.
4 1. Qualitative evaluation. – The simplest way to get an idea of the possible individual
exposure to pollutants is through a simple medical history. Few questions can easily be
added to the list of questions that doctors and health professionals already normally
ask the patient, such as diet, exercise, smoking, alcohol and other cardiac risk factors.
Examples of these questions can be:
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1) Do you live or work near a busy road?
2) Do you live or work near an industrial centre?
3) Are you aware of other sources of pollution near your home?
4) Do you spend a lot of time driving or travelling in traﬃc?
5) Do you exercise outdoors on busy roads?
The proximity to a few hundred metres of multi-lane or high-speed roads is a good
proxy for exposure to air pollution from road traﬃc. Other factors that can increase
exposure to road traﬃc pollution include commuting during rush hour, driving in traﬃc
with car windows open or using air conditioning with outdoor circulation, and physical
exertion outdoors. The risk of cardiovascular events is higher for patients exercising in
polluted environments, particularly on hot days or during peak hours, when pollution
levels may be high.
Living close to a major industrial centre can pose a health risk. These areas generally
have multiple sources of PM2.5 emissions, such as factories, reﬁneries, power plants and
road traﬃc. For patients living in rural or less developed areas, it is important to ask
about the proximity to small industries, seasonal agricultural ﬁres, occasional burning of
waste and the use of solid fuels for domestic heating.
.
4 2. Quantitative assessment. – Measuring air quality through the system of ﬁxed
monitors organized by the Regional Environmental Protection Agencies (ARPA) aims to
improve the scientiﬁc understanding of air pollution and to assess its impact on health.
The measures are vital to determine when legally binding limits set by the European
Union and national legislation are exceeded. By analysing the data, it is possible to
know the daily air pollution levels, to identify areas of the city that are better or worse
than others, and to understand whether pollutant concentrations are increasing or decreasing. It is possible to study how pollutants interact with each other and how they are
related to traﬃc intensity. When studying the relationship between climate conditions
and air quality, it is also possible to predict which weather conditions will give rise to
intense pollution episodes. Measurement of air pollution allows experts to predict future
scenarios using advanced modelling techniques. This information is used by administrators to make informed decisions to control vehicle emissions and to reduce the number
of vehicles allowed to circulate. Environmental policy is therefore constantly updated in
the light of the results of scientiﬁc research. The air quality monitoring system in Italy
is very advanced and each region provides the public with information on air quality
through its channels and via the internet. This information is also accompanied by air
quality forecasts in the following days (usually up to 72 hours). In this way it is possible
to know in detail the environmental conditions and to know the critical situations.
A theoretically more accurate way to quantify an individual’s exposure is to use
personal monitoring devices. Most of these devices are expensive, bulky, noisy and diﬃcult to wear for long periods of measurement. However, recent developments in low-cost,

5

https://doi.org/10.1051/epjconf/202024600016

EPJ Web of Conferences 246, 00016 (2020)
Joint EPS-SIF International School on Energy 2019

lightweight, wearable devices may soon facilitate personal monitoring of PM2.5, with possible integration into mobile phones, wristwatches or other personal electronic devices.
Furthermore, pollutant dispersion modelling is becoming established as a complementary tool in assessing the exposure of the resident population to air pollution. Statistical
models can generate estimates of pollutant concentrations at the individual’s home or
work address.
In Italy, several regions have developed sophisticated models to estimate the average
levels of pollutants in every point of the territory, not only where ﬁxed control units
exist. These models consider that the mechanisms that intervene in the dispersion of air
pollutants are linked to meteorology, the orography of the territory and the chemicalphysical transformations that pollutants undergo in the atmosphere. The dispersion
models take these aspects into account and provide concentration maps that represent
the ground footprint of the emission source. These maps can therefore be used to assign
an exposure level to a residential address in each area. More recently, these models have
been supplemented by satellite observations (Aerosol Optical Depth - AOD) from NASA
(National Aeronautics and Space Administration) satellite instruments. In particular, the
sensor detects the amount of radiant light that is absorbed or refracted by the particles
in suspension and, based on this information, produces an estimate of the level of aerosol
present inside the air column. The AOD parameter is detected by the MODIS (Moderate
Resolution Imaging Spectroradiometer) sensor, a spectroradiometer on board the NASA
Earth (Eos AM) and Aqua (eos PM) satellites.
5. – Epidemiological studies and mechanism of action of air pollutants
Both the American Heart Association and the European Society of Cardiology recognise PM2.5 as a cardiovascular risk factor. Results of toxicological and experimental
studies indicate that particles, once inhaled, travel to the alveoli of the lung where they
trigger a cascade of pathophysiological events, primarily an inﬂammatory process with
secretion of systemic inﬂammation mediators. A small fraction of the ultraﬁne particles
(and of metals and organic compounds) passes the alveolar-capillary barrier and enters
the systemic circulation. These processes together cause oxidative stress and systemic inﬂammation, resulting in increased vasoconstriction, increased blood pressure, increased
heart rate, insulin resistance, endothelial dysfunction, platelet aggregation, increased
thrombogenicity and instability of arteriosclerotic plaque. Acute exposures to PM2.5
through these mechanisms may cause an increase in the frequency of ischemic heart attacks, stroke, heart failure, venous thromboembolism, arrhythmias and increased hospital
admissions and mortality due to cardiovascular causes. Similarly, prolonged exposures to
PM2.5 also increase the risk of developing hypertension, diabetes mellitus, high-density
lipoprotein dysfunction, atherosclerotic disease, metabolic syndrome and cardiovascular
mortality [4, 6, 9].
Air pollution can exert its eﬀects on health for both acute, short-term exposures
and chronic, long-term exposures. Numerous studies have been conducted, also in Italy,
and they have conﬁrmed that air pollutants, in particular PM10, PM2.5, and nitrogen
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dioxide (NO2 ), increase the risk of cardiovascular mortality and non-fatal cardiovascular
events [4, 9, 10]. Of particular interest for Italy are the studies on short-term eﬀects that
have been carried out in many cities in the framework of the EPIAIR (decade 2000–2010)
and MEDPARTICLES projects. Short-term exposures were associated with the onset
of acute diseases such as myocardial infarction or stroke after a few days, or even death
in the case of susceptible individuals [11-16]. As far as long-term eﬀects are concerned,
the longitudinal study of the population of Rome enrolled in the 2001 census [17] and
the European multicentre study ESCAPE (European Study of Cohorts for Air Pollution
Eﬀects —www.escapeproject.eu), in which the cities of Rome, Turin and Varese took
part, are worth mentioning. The ESCAPE project studied the chronic eﬀects of air
pollution in adult cohorts. The results of ESCAPE show an association between chronic
exposure to air pollutants and natural mortality and cardiovascular events [17-20] and
lung, brain, breast and digestive tract cancer [20-24].
The recent joint statement of the European Respiratory Society and the American
Respiratory Society clariﬁes the broad spectrum of adverse eﬀects of pollution, including
on “new” diseases such as neurological and metabolic diseases not previously studied [25].

6. – Physicians and their patients
Eﬀective measures to reduce pollution include enforcement of air quality standards,
reduction of industrial emissions, transition to clean fuels and renewable energy sources,
reduction of traﬃc in urban areas, enforcement of energy eﬃciency standards, reduction
of emissions from cars and improved access to public transport and sustainable mobility.
Advocacy eﬀorts can beneﬁt from reference to global targets, such as the WHO recommendation to keep PM2.5 exposure below an annual average of 10 μg/m3 and below
25 μg/m3 over 24 hours [14].
Air pollution reduction interventions are typically outside the scope of clinical practice. However, the role of physicians is crucial in identifying those subjects highly susceptible to cardiovascular and respiratory eﬀects attributable to high levels of air pollution.
Physician has a central role in the clinical management of air pollution exposure, namely
deciding which individuals should receive advice and guidance. The ﬁrst question a
doctor asks himself is who are the patients most susceptible to air pollution? Who are
those who are most at risk of developing a cardiovascular or respiratory disease at the
same level of exposure to air pollution. Advanced age, low socioeconomic status, obesity
and traditional cardiac risk factors (e.g., hypertension, diabetes mellitus, dyslipidemia,
metabolic syndrome) characterize the population of those susceptible to the eﬀects of
air pollution [4, 6]. And of course, vulnerable people are those residentially exposed to
higher levels of air pollution. In the EPIAIR study conducted in several Italian cities
it was found that older people, especially during the summer period, who had previous
hospitalizations for chronic cardio-respiratory diseases (in particular arrhythmia, cardiac
conduction disorders and heart failure) and with diabetes had an increased risk of death
associated with acute exposure to PM [16].
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Observational studies conducted on adult populations in both the United States and
Europe show that reduced exposure to air pollution rapidly reduces the immediate risk
of acute coronary syndromes, heart failure, stroke and arrhythmia. Therefore, physicians
can inform their patients about the risks associated with exposure to air pollution by
encouraging them to behave in a way that reduces exposure. Patients can be advised
to avoid the main roads during rush hour, keep car windows closed, keep air ﬁltration systems in the car and keep the air circulating inside. Increased awareness of air
quality indexes, together with advice from health care professionals, can signiﬁcantly
change individual behaviour [26]. Similarly, mobile phone applications, websites and
informal communication through social media can help individuals to plan their activities to minimise exposure to pollution. On heavily polluted days, for example, the
susceptible population could keep their windows closed at home and limit prolonged or
heavy outdoor eﬀorts [4, 6]. Intensive activities and exercise can be planned when particle levels are lower, conducted indoors or in parks and gardens rather than near major
roads. The short-term beneﬁcial eﬀects of physical activity could be reduced (although
not completely eliminated) by air pollution. At the same level of exposure, patients
with pre-existing conditions beneﬁt less from physical activity than healthy ones [3, 5].
However, people should not be discouraged from walking or cycling because the cardiovascular beneﬁt of these activities outweighs the risk associated with inhalation of
particulate matter [27]. On the other hand, poor air quality may inhibit the physical
activity of the resident population.
Public health bodies such as the WHO, the American Heart Association and the
European Society of Cardiology do not currently have recommendations on the use of
portable air pollution masks or puriﬁers. In clinical settings, medical staﬀ and patients
wear disposable masks to reduce the likelihood of contracting or transmitting infections,
but there is still limited evidence of the eﬀectiveness of the use of masks against particulate matter in diﬀerent situations [28]. In a recent comment, Huang and Morawska
warned about the false sense of security that the use of a mask can feed. Many factors
need to be taken into account, including the type of mask, the shape of the face, the size
and sources of particulate matter, and especially the behaviour of the wearer. Masks are
uncomfortable to wear for a long time, on hot days they can make it diﬃcult to breathe,
carbon dioxide can accumulate causing drowsiness, the ﬁlter can get wet, altering its
performance, people can use the same mask for a long time to save money and risk
breathing through a clogged ﬁlter [29].
Evidence of dietary supplements, antioxidant vitamins, and omega-3 polyunsaturated
fatty acids to prevent the eﬀects of air pollution is also inconclusive [30].
7. – Conclusions
Outdoor air pollution is a well-established risk factor for cardiovascular and respiratory disease, responsible for a global burden of ischemic diseases and strokes that is even
greater than the individual diﬀerent traditional cardiac risk factors. Reducing the risk
attributable to pollution requires multi-sectoral policies and programmes to reduce air
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pollution emissions and exposures at local, regional and international level. The greatest
beneﬁts can only be achieved through a strong synergy between the environmental and
health care sectors with interventions ranging from emission regulation, implementation
of air quality standards, sharing of exposure data, and planning of tailor-made interventions for the patient to reduce individual exposure. Scientists, doctors and health
professionals, however, can do much to inform patients and prevent adverse eﬀects in
people at high risk.
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