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Abstract
Environmental pollution is a global problem, temporarily obscured by the COVID-19 pandemic. This 
paper analyses the epidemiological and geographical differentiation of air pollution and provides an over-
view of types of pollution, their sources, and their effects on the human body. The paper characterises  
the effects of air pollution on the respiratory system, cardiovascular system, and other systems, including 
the impact of exposure to air pollution on children, pregnant women and the fetus. In addition, the paper 
discusses the legal basis for governing the emission of pollutants, as well as individual protective meas-
ures for preventing or removing pollution. However, it should not be forgotten that success may only be 
achieved when individual countries and organisations, such as the European Union, create and implement 
global policies to address air pollution. 
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Introduction
The environment influences every element of our life. 

Unpolluted water, air and soil are essential to our survival 
and development. Contact with nature is an important 
element of somatic and mental health, and is critical for 
healthy development of children and adolescents. Envi-
ronmental pollution is currently one of the greatest threats 
facing the world. It affects all aspects of our lives, and each 
type of pollution can have a negative impact on health. 
In conjunction with other phenomena such as the pro-
duction of carbon dioxide, or through deforestation and 
insufficient care for the protection of green areas, it can 
also contribute to climate change [1]. 

Climate change, together with air pollution, can have 
a particularly negative impact on the occurrence of respi-
ratory allergies, which have a complex pathomechanism. 
It is conjectured that particulate matter (PM) and ozone 
may influence climate warming and air stagnation, 

which leads to degradation of air quality in some areas. 
The effect of this is an increase in temperature and CO2, 
which can result in an increase in concentrations of pol-
len, mould and spores, escalating the risk of respiratory 
allergies [2]. 

Each year, publications from multiple scientific 
fields aim to explain how environmental pollution 
affects human health by contributing to the shorten-
ing of life expectancy, deterioration of quality of life,  
and development of many so-called diseases of civili-
zation [3]. 

The aim of this study, based on collected scientific 
reports from recent years, is to describe what the types 
of air pollution are, what they consist of, how we can pro-
tect ourselves against them, and how they affect specific 
organ systems. Additionally, air pollution is discussed in 
the light of the ongoing COVID-19 pandemic. 
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Epidemiology 
According to the World Health Organization 

(WHO), in 2012 about 13% of all deaths in the Euro-
pean Union (EU) were caused by environmental pollu-
tion, and in 2018 environmental pollution contributed 
to 16% of all deaths worldwide [3]. In 2017, as many as 
4,800,000 people died as a result of environmental pollu-
tion [4]. According to the latest report by the European 
Environment Agency (EEA), air pollution is the larg-
est environmental factor influencing health in Europe, 
with 90% of environmentally related deaths connected 
to non-communicable diseases such as cancer, cardio-
vascular diseases, strokes, chronic obstructive pulmo-
nary disease (COPD), diabetes, kidney disease, asthma, 
and mental and neurological disorders [3]. As shown at 
Figure 1, it is noticeable that PM is the main factor in 
increasing mortality due to air pollution [3].

Europe is geographically diverse in terms of expo-
sure to pollution. The eastern and south-eastern parts of 
the continent are areas with a much higher PM2.5 air fine 
inhalable particle count and have the highest rates of lost 
life years per 100,000 people. The south-east of Europe 
is also a leader in atmospheric NO2 content [3]. Poorer 
countries are often more vulnerable to pollution. Poland 
is one of the most polluted regions in Europe. Norms 
defining limits of air pollution vary between EU limits/

target values and strict 2021 WHO guidelines; see Table 1. 
Depending on which norms are taken into account, the 
percentage of the population living in an environment 
exposed to air pollution substantially varies; see Table 2. 
The WHO published its new Air Quality Guidelines in 
2021 [4], but the newest report from the EEA still refers 
to the 2005 version [5].

Types of air pollution
Based on the definition and information from the 

EEA, air pollution can be defined as the presence in the at- 
mosphere of a substance at concentrations hazardous to 
humans and the environment. The determination of such 
substances, their hazardous levels and health effects has 
been the subject of numerous studies. This work focuses 
on some of the most recognisable pollutants today, in
cluding:
•	 atmospheric aerosols – PM;
•	 sulphur dioxide (SO2);
•	 nitrogen oxides (NOx);
•	 polycyclic aromatic hydrocarbons (PAHs).

The sources of air pollution can be divided into natu
ral and anthropogenic. In the case of the above-mentioned 
substances, the anthropogenic group plays a much greater 
role (see Diagram 1) [6].

Atmospheric aerosols –  
particulate matter
Atmospheric aerosols, also known as PM, are liquid 

droplets or solid particles that have combined into aggre-
gates of many particles. They are often composed of many 
different substances. Some of them react with the gases 
and vapours present in the air to form new substances. 
Particle aggregates tend to combine or agglomerate into 
larger clusters due to adhesion, thereby increasing their 
mass, which eventually leads to sedimentation – the fall of 
dust particles to the ground. These phenomena increase 
during rainfall, wind, or fog. These dust particles can also 
be removed from the air by adhering to buildings, plants, 
or the ground [7]. These processes are the natural mech-
anisms for removing PM from the air. 

Concentrations of some of the other substances men-
tioned in this paper (in developed countries) are usually 
recorded at levels that do not threaten health, but they are 
also present in the form of solid particles suspended in 

Table 1. Norms defining limits of air pollution according to EU limits/target values and WHO guidelines [4, 5]

Pollutant Averaging period EU limit/target value WHO guidelines

PM2.5 Annual Limit value: 25 µg/m3 10 µg/m3

PM10 Annual Limit value: 40 µg/m3 20 µg/m3

O3 Max. daily 8-hour mean Target value: 120 µg/m3 100 µg/m3

NO2 Annual 40 µg/m3 40 µg/m3

BaP Annual 1 ng/m3 0,12 ng/m3

SO2 Daily Limit value: 125 µg/m3 20 µg/m3

Figure 1. Deaths caused by different environmental pol-
lutants in 2018 (based on European Environment Agency 
report) [3]
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gas [8], so in many scientific studies they are also men-
tioned in the group of atmospheric aerosols. The compo-
sition of suspended dust varies according to its origin and 
source. PM is a heterogeneous mixture often having vari-
ation in chemical composition depending on the source 
of its production. When particles have a  diameter of  
10 µm or less (≤ PM10) they can penetrate deep inside 
the lungs. However, more health-damaging particles are 
those with a  diameter of 2.5 microns or less (≤ PM2.5), 
because they can penetrate the lung barrier and enter the 
blood system. PM2.5 is therefore the principal type of par-
ticles associated with adverse health effects [8].

Sulphur dioxide
SO2 enters the atmosphere primarily because of the 

combustion of fossil fuels, since virtually all fossil fuels 
contain 0.1% to 4.0% sulphur, depending on the type of 
material burned. Pure natural gas contains up to 40% 
hydrogen sulphide, but it is usually removed before 
combustion. SO2 in the atmosphere is present as a  gas 
or in the form of an acid aerosol. Due to its high solu-
bility, SO2 easily transforms into sulfuric acid (VI) after 
reacting with oxygen under the influence of ultraviolet 
radiation [6]. Sulphur oxide (IV) is much more common 
in the atmosphere than other sulphur oxides; therefore, 
its determined concentration is assumed to be equal to 
the concentration of all compounds included in SOx [8].

Nitrogen oxides
NOx, together with ammonia, play an important role 

in biological processes, participating in the decomposi-
tion and production of biomass, as well as in the ozone 
production cycle in the air. Unfortunately, they also pol-
lute the air, contributing to the formation of free radicals 
and acid rain. Like sulphur oxides, nitrogen dioxide is 
used as an indicator for other NOx compounds [6].

Polycyclic aromatic hydrocarbons
Polycyclic aromatic hydrocarbons (PAHs) are a large 

group of organic compounds, the molecule of which con-
sists of at least two interconnected benzene rings. These 
compounds occur both in the form of solid particles sus-
pended in gas and in the gaseous state, and, due to their 
availability from many sources, easily become present in 
the air, both in the open air and inside buildings. PAHs 
can be divided according to molecular weight into light 
(two or three aromatic rings) and heavy (five or more 
rings), which occur in the form of gas and atmospheric 
aerosols, respectively. A common feature of PAHs is that 
they often undergo chemical changes after entering the 
atmosphere due to chemical reactions with ozone, nitro-
gen and sulphur oxides, and free radicals. They easily 
enter metabolic pathways, where they also undergo trans-
formations. They often have a strong carcinogenic effect. 
The simplest measurements of PAH content in the air are 
modelled based on benzene content – the least compli-

cated aromatic molecule. The properties of the aromatic 
system are enhanced in condensed systems, so the more 
complex the compound, the more carcinogenic it is [7].

Pollution in the time of the COVID-19 
pandemic

Some studies have attempted to assess the relation-
ship between air pollution and SARS-CoV-2 infection. 
For example, PM2.5 and other small particles have been 
observed to be carriers of a  live virus in the air and it 
could theoretically increase its dissemination, as in the 
case of measles or the coronavirus that causes SARS [9]. 
It has been suggested that SARS-CoV-2 transmission 
might be accelerated by air pollution. Additionally, atten-
tion has been drawn to the confirmed role of lockdown 
in reducing PM2.5 levels in the ambient air, which may 
contribute to lowering SARS-CoV-2 transmission [10]. 
High levels of PM2.5 were likely to result in higher mor-
tality in people infected with the virus with contamina-
tion-dependent comorbidities [11]. Even a  slight rise 
in PM2.5 concentration led to increased fatality rates  
[9, 12-14]. An example of that is Italy, where there was 
a trend of fast-spreading infections at the beginning of the 
pandemic in a  northern region with very high levels of 
air pollutants. Italian authors analysed weather changes 

Table 2. Percentages of the population living in an envi-
ronment exposed to air pollution according to EU and WHO 
norms in 2016-2018 (based on European Environment 
Agency report) [5]

Pollutant EU limit/ 
target values

WHO 
guidelines

PM2.5 4–8% 74–78%

PM10 13–17% 43–48%

O3 12–34% 96–99%

NO2 4–7% 4–7%

BaP 15–20% 75–90%

SO2 < 1% 19–31%

PM •	 Multiple sources, like fuel combustion, industrial pro-
cesses, solid waste treatment, agriculture and traffic.

SO2 •	 Combustion of fossil fuel: coal, gas and oil.

NOx

•	 A product of burning/oxidizing a nitrogen-containing 
substance. The most important sources include traffic, 
electrical energy and heat production and fertilizers. 

WWA •	 Incomplete combustion of organic substances con-
tained in coal, oil, wood, residues and tobacco.

diagram 1. Anthropogenic sources of air pollution (based 
on [6])
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in areas of epidemic intensity, associated with conditions 
such as higher temperature, low relative humidity and 
low rainfall [15, 16]. There are preliminary reports which 
indicate that PM increases the risk of death and severe 
COVID-19 based on studies from France [17], Canada [18] 
and Italy [12]. Exposure to NO is predicted to be a major 
contributor to poor prognosis in patients with COVID-19 
infections [19].

It is conjectured that a  renewed relaxation of reg-
ulations and the end of lockdowns will again increase  
the number of harmful particles in the air and acceler-
ate the spread of COVID-19 and may increase morbidity 
and mortality [9].

The “spike protein” binds to the ACE-2 receptor, pre-
dominantly expressed in epithelial cells of the respiratory 
system. It increases the chance of infection and the severity 
of the disease. ACE-2 is overexpressed under chronic expo-
sure to air pollution such as NO2 and PM2.5. High ACE-2 
explains the positive correlation between the disease seve
rity in COVID-19 patients and elevated air pollution [20].

Legal basis and pollution standards
The basic legal acts defining the limits of pollutant 

emissions in Europe concern substances such as PM, NOx, 
SO2,O3, Pb and others; they are: 
•	 the 2008 Directive on ambient air quality and cleaner 

air for Europe (2008/50/EC);
•	 the 1996 Framework Directive on ambient air quality 

assessment and management (96/62/EC).
In Poland, the basic legal document regulating air 

quality issues is the Act of April 27, 2001, Environmen-
tal Protection Law (Journal of Laws of 2001, No. 62, item 
627). Since its introduction, it has been regularly amended 
to provide various state and local government bodies with 
the legal basis to fight air pollution. 

Individual and simple protection 
measures

In addition to natural means of air purification, it is also 
possible to implement individual measures to limit expo-
sure to PM, thus reducing their impact on human health. 
The United States Environmental Protection Agency (EPA) 
lists the following ways to limit exposure to atmospheric 
aerosols:
•	 limiting physical activity outdoors, especially during days 

with increased levels of PM and in places where their 
concentration is high, such as roads with heavy traffic;

•	 by using appropriate filters and air purifiers, the con-
centration of atmospheric aerosols in the air inside 
buildings can be reduced;

•	 limiting minor sources of atmospheric aerosols inside the 
building: not using a fireplace, wood-burning stoves, or 
candles;

•	 not smoking tobacco products inside buildings;
•	 purchase of dedicated dust masks for use on days 

when air quality is poorer.

When it comes to adjusting individual activity to air 
pollution levels, in Poland air quality can be checked, 
among other places, on the website of the Chief Inspec-
torate for Environmental Protection, which collects data 
from several hundred measuring stations throughout 
Poland. Unfortunately, they do not provide full informa-
tion because a significant number of the stations monitor 
only selected components of air pollution, and there are 
fewer stations that conduct cross-sectional monitoring. In 
addition, their location is often selective, i.e. they record 
the most important air pollution indicators: levels of 
PM2.5, PM10, NO2, SO2, O3 and benzene, which are typi-
cal smog components. For example, in the Polish city of 
Wrocław, with an area of almost 300 km2, there is only one 
station that conducts cross-sectional monitoring. Using 
only the data it provides will not give an accurate picture 
of the air quality across the entire city and its outskirts. 

An important measure for the protection and puri-
fication of the atmospheric air, from the point of view of 
municipal and local programmes, is the cultivation of 
specific plant species. Numerous studies on this subject 
have shown that certain plant species have a great ability 
to trap PM from the air and bind them. In 2012, a study 
was published in which scientists collected samples over 
two years from 47 species of trees and shrubs growing 
in urban areas along roads and highways in Poland and 
Norway. During the research, it was found that the key 
parameters for the ability to bind PMs are the compo-
sition of the wax covering the leaves, its density, and the 
ratio of its dry leaf mass to the surface area [21]. Scots 
pine (Pinus sylvestris), intermediate yew (Taxus media), 
common yew (Taxus baccata) and silver birch (Betula 
pendula) turned out to be the best at trapping atmospher-
ic aerosols. Research was also carried out to create arti-
ficial material that replicates the ability of plants to bind 
atmospheric aerosols. In this study, a modified silica dust 
called SUNSPACE (acronym – SUstaiNable materials 
Synthesized from by-Products and Alginates for Clean 
air and better Environment), which is a  by-product of 
many industrial processes, was compared with common 
ivy (Hedera helix L.), and it was found that in laboratory 
conditions the material exhibits similar sorptive proper-
ties [22].

Indoor air pollution is another issue. Apart from 
atmospheric substances that can infiltrate buildings, 
there are also sources of pollution found inside the struc-
tures themselves. In addition to the previously men-
tioned pollutants, the premises may contain substances 
such as fungi and bacteria (including moulds and various 
spores), pesticides, asbestos and other chemicals from 
building materials. The values of concentrations of air 
pollutants inside buildings can be even higher than out-
side, potentially leading to so-called “sick building syn-
drome”, meaning a  building in which a  prolonged stay 
may cause cardiovascular and respiratory diseases [23]. 
Such buildings do not necessarily have to be factories or 
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be adjacent to them. Therefore, it is important to know 
how to protect the air in the home. One of the simpler 
and cheaper methods is the cultivation of specific plant 
species showing sorptive capacity [23]. They will not 
only help to reduce the amount of CO2 and PM in the air 
but can also reduce the amount of some PAHs in the air. 
Some of the best species for air purification in this respect 
are Sternberg’s herb (Chlorophytum comosum), crassula 
(Crassula argentea), scindapsus/golden pothos (Scindap-
sus aureum) and guzmania (Guzmania lingulata) [24].

Another method, according to the American Heart 
Association (AHA), is purchasing portable air cleaners. 
They seem to be an effective method of lowering levels of 
PM2.5 indoors up to 50-60%. Not only do they decrease 
the occurrence of respiratory symptoms, but they also 
affect cardiovascular symptoms, for example reducing 
both systolic and diastolic blood pressure [25, 26]. How-
ever, a  meta-analysis of available studies showed that 
in real-world exposure, the overall reduction of PM2.5 
is low. That is why reduction of air polluting sources is 
the most effective way to protect the environment and 
human health [27].

Health impact
PM is the best studied group of molecules, and their 

negative impact on the human body is well documented 
[28-40]. Air pollution increases the risk of respiratory aller-
gies, asthma, and COPD exacerbations, and reduces lung 
function.

Air pollutants and their impact  
on the cardiovascular system

The effect of air pollution on the cardiovascular 
system is documented. It is worth mentioning, among 
other literature, the statements by the American Heart 
Association (AHA) [25, 26]. Air pollution causes a gen-
eralized inflammatory response [41], increases oxidative 
stress and increases blood clotting [42]. It has also been 
proven to have an adverse effect on hypertension [33] 
– a significant increase in pressure after exposure to PM, 
and a  decrease in pressure after wearing a  filter mask. 
Researchers link the increase in pressure with activation 
of the autonomic system as well as a change in the genome 
in the form of epigenetic changes and gene expression 
[43]. In addition, such contaminants aggravate endothe-
lial dysfunction and atherosclerosis, as well as myocardial 
fibrosis, inducing myocardial remodelling and, as a result, 
possibly leading to heart failure [44]. PMs increase hospi-
talizations for heart failure and increase the risk of death. 
Environmental pollution has a  negative impact on the 
development of atherosclerosis, calcification of the walls 
of the coronary arteries and the development of coronary 
artery disease. Exposure to PM, even short-term, signifi-
cantly increases the risk of heart attack and stroke. Air 
pollution from nitric oxide (NO) has been described as 
a  factor in the development of ventricular arrhythmia. 

Contact with air pollutants can also affect the develop-
ment of a faster heart rate, and the development of atrial 
fibrillation or other supraventricular arrhythmias [34]. 
The 2021 ESC CVD guidelines list environmental pol-
lution as one of the risk factors for the development of 
cardiovascular disease. The authors note that studying 
individual exposure to pollution is complex, affecting 
their formal risk classification. Recommendations were 
presented to consider risk screening programmes and for 
patients at very high risk of CVD to avoid highly polluted 
areas. Evidence for those is at level C – a consensus of the 
experts and/or small studies [45].

Children, pregnancy, fetal stage
Children are particularly vulnerable to the harm-

ful effects of environmental pollutants as they breathe 
more air per kilogram of body weight than adults.  
The response of the child’s organism to exposure is dif-
ferent from that of the adult organism. Children also 
spend more time outdoors than adults, increasing their 
exposure [46]. Children’s lungs continue to develop and 
are therefore more susceptible to the harmful effects of 
pollution. Environmental pollution negatively affects 
neuronal development and cognitive abilities, as well as 
depression and neuroses [47]. Infants exposed to traffic- 
related air pollution are more likely to be diagnosed with 
reduced lung function in adulthood [48], and obesity is 
more common in these children [49]. One percent of 
deaths associated with acute respiratory infection can be 
attributed to air pollution [50].

NO2 and PM can also cause sleep disorders by induc-
ing apnoea through inducing an inflammatory state of the 
upper respiratory tract [51]. They also worsen asthma, 
COPD and other chronic respiratory diseases.

Changes in DNA methylation (an element of epi-
genetic expression) caused by environmental pollutants 
influencing gene expression may cause serious respirato-
ry diseases in adulthood [52].

A  limitation of the present overview is that many 
studies, especially those evaluating relations of pollution 
and cardiovascular diseases, do not present the high level 
of credibility that is level C, based mainly on experts’ 
opinions. From this point of view, more modern reports 
and research on pollution in this area are necessary. 

Conclusions
Environmental pollution is currently one of the most 

serious political, economic, and medical challenges. 
Modern medicine must be prepared to diagnose and 
treat all diseases that are caused by pollutants. Physi-
cians, especially those working in areas with high lev-
els of pollution, should be aware of the risk and should 
be active participants in preventive actions. We need to 
continue research into COVID-19, so we can be able to 
observe a correlation between the severity of the disease 
course and environmental pollution. 
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