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Abstract
Atmospheric pollution suspended in humid air is popularly known as ‘smog’. It is composed of dust particles of different 
sizes, as well as non-metal oxides, organic compounds, and heavy metals. Exposure to harmful substances suspended in the 
air – apart from, for example – smoking cigarettes, one of the modifiable factors leading to the development of respiratory 
diseases. There are six types of substances present in the air that have a negative impact on public health and result in 
significant consequences: ozone, particulate matter (PM) of different diameters – PM2.5µ, PM2.5–10 µ, PM10 µ, nitrogen 
dioxide, sulphur dioxide, carbon monoxide and lead. Particular attention is given to small dust particles (PM10 and PM2.5) 
because they can penetrate into the lower respiratory tract. Apart from describing the composition of smog and sources of 
air pollution, the article also discusses the impact of atmospheric pollutants on both development and aggravation of the 
symptoms of such respiratory tract diseases as asthma, chronic obstructive pulmonary disease, respiratory infections and 
lung cancer. Some of legal measures applied in different countries aimed at reducing exposure to noxious air pollutants 
are reviewed. The authors believe that the increased focus on risks arising from inhaling toxic air pollution may be a first 
step for developing systemic solutions aimed at resolving or, at least, decreasing those risks.
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INTRODUCTION

Severe atmospheric pollution suspended in the humid air is 
popularly known as smog. In Europe, including Poland, a 
major problem is an autumn-winter period smog, historically 
described as smog of the London type; it is composed of 
dust particles of different sizes, as well as non-metal oxides, 
organic compounds, and heavy metals. Air pollution typical 
for warmer seasons of the year is characterised by different 
composition. In this type of smog ‒ called photochemical 
smog or Los Angeles smog ‒ predominates ozone which 
is harmful to the human health. Exposure to harmful 
substances suspended in the air  is one of the modifiable 
factors leading to the development of respiratory diseases.

OBJECTIVE

The aim of this study is to present the impact of noxious 
substances suspended in the air on the human organism. 
The influence is described of atmospheric pollutants on both 
the development of certain respiratory tract diseases and 
aggravation of their symptoms. Some of the legal measures 
(anti-smog resolutions, fuel tax policies, etc.) applied in 
different countries aimed at reducing exposure to toxic air 
pollutants are reviewed. The increased focus on risks arising 
from breathing air pollution may be a first step to develop 
the systemic solutions seeking to resolve such risks.

Smog composition. Winter smog plaguing Polish society 
shows a complex composition. A general division of the 
solid matters suspended in the fog as dusts of different sizes 
has been introduced. The United States Environmental 
Protection Agency (EPA) identifies six types of substances 
present in the air that have a detrimental effect on public 
health and result in negative environmental consequences; 
these comprise: ozone, particulate matter (PM) of different 
aerodynamic diameters – PM2.5 µ, PM2.5‒10 µ, PM10 µ, 
nitrogen dioxide, sulphur dioxide, carbon monoxide, and 
lead [1]. Particular attention is paid to dust particles of 10 
micrometres (PM10) and 2.5 micrometres (PM2.5); the 
first-mentioned are too large to penetrate deep into the 
respiratory tract although the correlation between its levels 
and exacerbation of cardiovascular and pulmonary diseases 
is known [2]. In the large dust particles, heavier contaminants 
(e.g. organic compounds and heavy metals) are suspended – 
mainly hydrocarbons, such as benzopyrene and fluorinated 
compounds, and heavy metals: cadmium, nickel, arsenic, 
and lead [3].

Dusts between 10 – 2.5 µm are mostly caught in the upper 
respiratory tract; however, sometimes a so-called respirable 
dust fraction is distinguished, i.e. particles smaller than 5 µm 
which penetrate to the alveolar air spaces [4].

PM2.5 are much more dangerous to health because of 
greater ability to penetration into the lower respiratory tract, 
and according to some sources – even deeper ‒ the into alveoli 
[2, 5]. PM2.5 are composed of inorganic ions, i.a. nitric 
and hydrochloric acids residues, as well as alkaline metals, 
including potassium and sodium cations, ammonium ions, 
organic carbon and elementary carbon [3].

Smog is also composed of dust particles smaller than 
one micrometer – PM1. These are so small that they pass 
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through the blood-air barrier, penetrate into the blood 
vessels, and may thereby have negative effects on the direct 
mechanism [2].

The other relevant elements of smog are non-metal oxides, 
mostly oxides of nitrogen and sulphur. Nitric oxide II (NO) 
‒ although harmful itself ‒ due to its perishability is of 
importance as the nitric oxide IV (NO2) precursor [6], which 
is one of the most harmful air pollutants.

Sources of air pollution. Heating installations ‒ most of all 
traditional heaters adapted for the combustion of all kind of 
components, including wastes ‒ are a major and difficult to 
manage source of air pollution. In Europe, transportation, 
especially road transport, is a source of 57% of nitric oxide 
emitted into the atmosphere; it also generates nearly 22% of 
carbon monoxide and 20% of PM2.5 [7]. Transportation is 
also a source of polycyclic aromatic hydrocarbons (PAHs) 
whose concentrations increase especially in winter. These 
are detrimental to healt, both as isolated compounds and 
as a component of dust [8]. Diesel engine exhaust fumes are 
particularly critical which ‒ besides PAHs rich in nitro groups ‒ 
contain carbon and metals [2]. In Europe, industry (industrial 
processes and product use) remains the main producer of 
PAHs and accounts for 41% of PAHs production [9].

In Poland, industry is the predominant source of all basic 
air pollutants, followed by households. Industry is a major 
source of nitrogen oxides (emits 710  389 tonnes of NO2-
equivalent). Industry is also responsible for the production 
of most ozone precursors – 1,379, 262 tonnes of non-methane 
volatile organic compounds (NMVOC) equivalent. In the 
case of dusts, the difference between industry and households 
is not as large; for example, in 2016, PM2.5 was emitted 
by industry in the amount of 87,910 tonnes of pollutants, 
while households emitted the amount of 59,764 tonnes of 
pollutants [10].

Under appropriate conditions, substances typical for 
winter smogs may become substrates for ozone which is the 
key component of photochemical smog. Ozone, i.e. trioxygen, 
is generally perceived as a human-friendly compound. This 
conviction is associated with the role of the protective layer 
that shields the earth’s atmosphere from harmful ultraviolet 
radiation. Indeed, the stratospheric ozone layer stops 
carcinogenic UVB radiation; damage to this layer ‒ called 
the ozone hole ‒ constitutes a serious risk to human health. 
However, ozone as a chemical compound is harmful owing 
to its high chemical reactivity. When ozone is present in our 
immediate surroundings, i.e. in the troposphere, it acts as 
a damaging factor and an irritant [6]. Tropospheric ozone 
precursors include volatile air pollutants, such as nitrogen 
and carbon oxides, as well as simple organic compounds – 
hydrocarbons [11]. When air temperatures exceed 28 °C and 
high nitrogen dioxide concentration in the ambient air is 
observed, chemical reactions take place which resulti in the 
production of the final product, e.g. ozone [6].

Legal regulations. Polish law concerning controlling the 
concentration levels of different types of air pollutants and 
permissible concentrations of numerous substances, i.a. 
ozone, PM10, PM2.5, total suspended particulates (TSP), and 
oxides. An example of this is the Regulation of the Minister 
of the Environment issued in 2012 which states that the 
national PM2.5 emission reduction target is expected to be 
18 μg/m³ by 2020 [12]. Regulations also stipulate the norms 

of the composition of petrol and gas oils, as well as regulation 
emission levels of pollutants caused by fuels in waterborne 
transport and aviation fuels [13, 14, 15].

Additionally, the government envisages short-term 
activities aimed at reducing the level of pollutants on an ad 
hoc basis. Those activities include i.a. a ban on burning in 
home fireplaces and replacing this method with alternative 
sources, or promoting the use of free public transport instead 
of private cars. Another idea concerns outside urban traffic 
diversions for trucks, temporary suspension of construction 
works, and the wet cleaning of city streets [16].

Air pollution is also a matter of concern for the international 
law – this relates primarily to conventions and directives of 
the European Union (EU). They stress the role of cooperation 
between Member States, indicating the transboundary nature 
of such substances as ozone [17]. The EU, in many matters 
envisages individual targets for Member States, e.g. in Poland, 
the increase in the share of renewable sources within energy 
production is to be 15% by 2020 [18].

General impact of air pollution on population health. It 
is pointed out that of all the components of smog, PM2.5, 
nitrogen dioxide, and ozone have the most serious effect on 
health. On the basis of data from 2005, it is estimated that 
exposure to PM2.5 shortens the lives of the EU citizens, on 
average, by 8 months, which means that annually it deprives 
them of a total of 3.6 million years of their lives [19]. Globally, 
it is a fifth-rank risk factor for death [20]. Nitrogen dioxide 
occupies second place in terms of health risk, followed by 
ozone which may lead to 21,00 deaths in the EU anually [19]. 
Similar statistics come from Poland, and according to data 
published in 2012, the annual numbers of deaths attributed 
to exposure to PM2.5, nitrogen dioxide, and ozone were 
44,600, 1,600, and 1,100, respectively [21]. It was proved that 
each 10 μg/mm3 increase in fine PM leads to a 4% increase 
in all-reasons mortality, 6% increase in cardiopulmonary 
mortality, and an 8% increment in lung cancer mortality [22].

Penetration of smog compounds into the respiratory 
system. Although it has been revealed that smog has a negative 
impact on many organs and systems of the human body, the 
most sensitive target – together with the cardiovascular 
system ‒ is the respiratory tract. None of the components 
of smog are neutral for the respiratory tract and the lungs, 
and the mechanisms of their actions are differentiated – 
from direct tissue damage to complex immunomodulatory 
mechanisms. Large dust particles with a size range of 10 
‒ 2.5 µm, are blocked at the level of the upper respiratory 
tract and have allergenic and irritating effects, while smaller 
particles, such as PM2.5, reach the lower respiratory tract 
[2]. Although they are harmful per se, they are additionally 
carriers of other air pollutants, such as heavy metals and 
hydrocarbons [3]. Low molecular weight gases, nitrogen 
and sulphur oxides, and ozone, can pass more easily into the 
lungs. Hence, small particles, as well as the PM1 fractions, 
have the ability to penetrate from the lung alveoli into the 
microcirculation. The rules of gaseous diffusion, such as 
Graham’s law and Fick’s law, state that particles of low-
density, low-molar-mass, and high solubility in water, can 
overcome the alveolar barrier more easily. Similarly, in the 
lungs, the processes of diffusion are supported by a large 
surface area of the gas exchange, and low thickness of the 
alveolar-capillary membrane of barely 1 µm [23].
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A basal pathomechanism leading to the development of 
numerous lung diseases associated with air pollutants results 
in direct damage of epithelial cells, which in turn leads to the 
formation of the inflammatory process. Additionally, reactive 
oxygen species (ROS) are additionally responsible for the 
irritating effect and destruction of the epithelium layer; they 
arise as a result of the presence of ozone, nitrogen oxides, diesel 
smoke, dusts, and phagocytic cell activation [2]. In general, 
inflammation is characterised by intensification of cellular 
response manifested by infiltrations consisting of neutrophils 
and macrophages which secrete pro-inflammatory cytokines. 
Xu et al. have shown that exposure of rats to PM2.5 leads to 
increase in the concentration of pro-inflammatory cytokines, 
such as tumour necrosis factor (TNFα) and interleukins: 6 
(IL6) and 8 (IL8) [5]. TNFα, as well as interferon gamma 
(INFγ), activate the expression of the iNOS gene that results 
in nitric oxide synthesis, which is another source of free 
oxygen radicals [24]. However, Sarkar et al. demonstrated 
that in patients exposed to diesel exhaust, impairment of cell-
mediated immunity was observed which manifested itself 
as decreased expression of the above-mentioned cytokines 
[25]. One of the mechanisms responsible for the weakening 
of this immunity may be an accumulation of dust-borne 
iron ions [26].

Influence of PM exposure on exacerbations of obstructive 
pulmonary diseases and respiratory infections. Epithelial 
damage and associated inflammatory activation lie at the 
origin of chronic obstructive pulmonary disease (COPD). 
Although tobacco smoke remains the main culprit, there 
are several similar substances in polluted air. Neutrophils 
and macrophages accumulated in the lungs initially produce 
cytokines, as detailed above, and subsequently release 
proteases, mainly elastases. On the other hand, ROS utilize 
antiproteases, including alpha-1 antitrypsin. This results 
in a shift in the balance towards proteases, which leads to 
emphysema.

The second component of COPD is chronic bronchitis 
in which neutrophils, macrophages and also CD8+ T-cells 
are involved. Additionally, compounds such as sulphur and 
nitrogen oxides chronically irritate the epithelium covering 
the lower airways, leading to their rebuilding with metaplastic 
changes in the secretory cells, and to the proliferation of 
goblet cells in the superficial layers of the bronchial walls. 
The consequence of this process is hypersecretion of mucus 
responsible for some of the pathological symptoms, as well 
as for promoting the development of bacterial infections [24].

There is reliable evidence confirming the influence of 
air pollution on the course of COPD. Ko et  al. examined 
the effects of air pollution on hospitalization rates for 
exacerbations of chronic obstructive pulmonary disease. 
They found that all examined pollutants (NO2, SO2, O3, PM10, 
and PM2.5) had a positive impact on hospital admissions 
for acute exacerbations of COPD [27]. These findings are 
confirmed by the study of Pothirat et  al. [28]. Another 
study examining the impact of the PM10 during a seasonal 
smog period on quality of life in COPD patients, showed a 
significant decrease in the quality of life measured during the 
high PM10 period, particularly in the form of chest tightness 
and sleep disturbance [29].

Another common obstructive pulmonary disease is 
asthma. Smog can be a direct cause of asthma morbidity, as 
demonstrated in individuals with prior exposure to high doses 

of ozone [6]. But what appears more often is that atmospheric 
pollutants intensify asthma symptoms in asthmatic patients. 
The studies conducted by Kowalska and Zejda in Silesia, 
south-western Poland, provide evidence of growth in the 
number of asthma-related ambulatory visits from the first day 
of deterioration in air quality [30]. Exacerbations are mostly 
due to irritancy, which explains the correlation between 
exposure to ozone and sulphur dioxide, and exacerbations 
of intrinsic asthma. It has also been demonstrated that smog 
has effects on allergic asthma exacerbations. This is related 
to the late cellular response causing secretion of, i.a. TNFα 
[24]. It has also been noted that asthmatic children who were 
exposed to nitrogen dioxide and ozone had a poorer reaction 
to the short-acting β-agonists (SABAs) expressed as a lower 
increase in FEV₁ [31].

The respiratory system in children ‒ due to a dynamic 
growth and development of the lungs, fast minute ventilation, 
the immaturity of the immune system, and spending long 
hours outdoors ‒ is much more sensitive to harmful particles. 
Based on the analysis of results of thirteen studies assessing 
the impact of ambient air pollution on children’s health, 
Koranteng noticed that high air levels of NO2, PM102.5, 
CO and SO2 were associated with higher rates of asthma 
hospitalizations [1]. The historical data concerning the 
impact of the Great Smog in London in 1952 proved that 
the rates of asthma in children born around the time of this 
environmental disaster were considerably higher [32].

Smog also has an impact on the incidence of the lower 
respiratory tract infections. Irritation of Goblet cells results 
in the mucus secretion promoting the development of 
pneumonia or bronchitis [24]. There is a known association 
between RSV infection (the cause of bronchiolitis typical 
for newborns) and smog. Interestingly, this correlation 
was demonstrated with regard to large particles PM10 that 
should not enter the lower airways [33]. Bacterial infections 
are promoted by modulation of cellular immunity. While 
excessive cellular response could result in emphysema or 
chronic bronchitis, the weakened immunity increases the 
risk of infections, especially infections with tubercle and 
non-tubercle mycobacteria.

Smog and lung cancer. The role of ambient air pollution 
in pathogenesis of lung cancer is undeniable. This is due 
to the similarity regarding the chemical composition of 
smog and tobacco smoke, and the potential for inhaling 
them in the immediate vicinity of the bronchial epithelium. 
The apparent tobacco-induced histological types of cancer 
are: squamous cell carcinoma and small-cell lung cancer. 
Carcinogens common for smog and tobacco smoke include 
mainly polycyclic aromatic hydrocarbons. Nickel, non-metal 
oxides, and PM2.5 are also responsible for the development of 
primary lung cancers [34]. Nitrogen dioxide seems to be one 
of the key carcinogens; however, sulphates and dusts are to a 
higher extent also responsible for lung cancer mortality [6]. 
An increase in PM2.5 concentration of 10 µg/m³ produces 
an increase in death rates of 14%. [34].

Gharibvand et  al. examined the link between ambient 
PM2.5 exposure and incidence of adenocarcinoma of the 
lung in non-smokers. They found a 31% increase in lung 
adenocarcinoma occurrence in non-smokers that was 
associated with each 10 μg/m3 increment in ambient 
PM2.5 concentration [35]. An earlier study by Puett et al. 
obtained similar findings of the NHS (33% increase) [36], as 
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well as the Netherlands Study of Hart et al. which showed 
25% increase [37]. In comparison to studies mentioned 
above, the meta-analysis of data from 17 European cohorts 
(ESCAPE) has  shown a much stronger (increase of 55%) 
influence of  5  μg/m3 increase in PM2.5 on lung cancer 
development [38].

A Canadian study also supports previous reports on the 
association between the increased risk of developing lung 
cancer and ambient PM2.5 air pollution. It also provides 
data showing strong associations between various subtypes 
of lung cancer and different compounds exposure: PM 
2.5 ‒ adenocarcinoma and small cell lung cancer, NO2 ‒ 
adenocarcinoma, and ozone ‒ squamous cell carcinoma [39].

Malignancies are also more often observed in individuals 
with other chronic respiratory disease that could be caused 
or modified by air pollution. The higher morbidity in patients 
with COPD is largely due to common ethological factors. 
Patients with a history of tuberculosis suffer from lung 
cancers twice as frequent, and this is usually a glandular 
type of lung cancer. Another risk factor is asthma in which 
the cancer risk in smokers increases up to 70% [34].

CONCLUSIONS

The negative impact of air pollution on the respiratory 
system in undeniable. The airways are the first-line target for 
different particles suspended in the inspiratory air. Having 
discussed the connection between ambient air pollution 
and selected diseases of the respiratory tract, the authors 
are strongly convinced of the importance to consider this 
matter in all its forms. Above all, it should be considered 
from the aspect of both primary and secondary prophylaxis 
of pulmonary diseases.
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