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AIR POLLUTION AND ITS IMPACT ON HUMAN
HEALTH: AN OVERVIEW OF THE SITUATION
IN THE REPUBLIC OF SERBIA

Abstract: Air pollution has become a major global concern with profound
implications for public health worldwide. Among the most significant
air pollutants are particulate matter, sulfur dioxide, nitrogen oxides,
heavy metals, and ammonia, which have serious and wide-ranging
effects on human health. Respiratory diseases, including asthma, chronic
obstructive pulmonary disease (COPD), and pneumonia, are frequently
associated with air pollution, while the risk of developing other serious
conditions such as diabetes and cardiovascular problems is also eleva-
ted. Of particular concern is the exposure of children to air pollution, as
their immune systems are not fully developed, and they spend more time
outdoors, where pollution concentrations are often higher. In Serbia, as
in many other countries, integrated intersectoral measures are necessary
to reduce air pollution and protect the health of citizens. This paper aims
to provide a basic overview of air pollution issues in Serbia and explore
control and measurement measures to better understand the fundamental
concepts and make progress in addressing this serious problem.
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SazZetak: Zagadenje vazduha predstavlja alarmantan globalni izazov koji
duboko utice na zdravlje CovecCanstva Sirom sveta. Medu najznacajnijim
zagadivad¢ima vazduha su suspendovane éestice, sumpor-dioksid, oksidi
azota, teski metali i amonijak, a njihov uticaj na ljudsko zdravlje je ozbiljan
i opsezan. Respiratorne bolesti, ukljucujuci astmu, hroni¢nu opstruktivnu
bolest pluca i upalu pluca, ¢esto su povezane sa zagadenjem vazduha, dok
se povecava 1 rizik od razvoja drugih ozbiljnih bolesti poput dijabetesa i
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kardiovaskularnih problema. Posebna briga leZi u izloZenosti dece zagadenju
vazduha, buduéi da njihov imuni sistem nije potpuno razvijen, a provode
vise vremena napolju, gde su koncentracije zagadenja obi¢no vise. U Srbiji,
kao i u mnogim drugim zemljama, neophodno je preduzeti integrirane me-
dusektorske mere kako bi se smanjilo zagadenje vazduha i zastitilo zdravlje
gradana. Ovaj rad ima za cilj pruziti osnovni pregled problema zagadenja
vazduha u Srbiji i istraziti mere kontrole i merenja kako bi se bolje razumeli
osnovni koncepti i napredovalo u reSavanju ovog ozbiljnog problema.

Kljucne reéi: zagadenje vazduha, rizik, svest, javno zdravlje, prevencija

INTRODUCTION

Air pollution is a problem that is increasingly capturing public attention, especially
during the heating season. According to the World Health Organization (WHO) data
from 2019, as much as 99% of the world’s population lived in places where air quality
standards prescribed by the WHO were not met. Worldwide, air pollution in urban and
rural areas was associated with as many as 4.2 million premature deaths in 2016. A
significant portion of these fatalities affected residents of low and middle-income co-
untries, with the highest number in the Southeast Asia and Western Pacific regions (1).

In the context of Serbia, it is estimated that approximately 6,592 people lose
their lives annually due to the consequences of exposure to polluted air (2). However,
additional WHO estimates point to even more alarming figures when considering
the consequences of indoor air pollution. According to these estimates, the number
of premature deaths nearly doubled, reaching up to 11,500 annual fatalities in 2016.
Addressing this serious issue requires not only strong collaboration across different
sectors but also significant financial investments. According to the Fiscal Council’s
estimates, the required investments to tackle air pollution amount to as much as 2.4
billion euros from the state budget (3).

Monitoring air quality plays a crucial role in controlling and assessing pollution
levels. It also enables the tracking of trends in air quality, which is essential for taking
appropriate measures to reduce concentrations of harmful substances in the air and
protect human health. These air pollutants include suspended particles, sulfur dioxide,
nitrogen oxides, ammonia, heavy metals, and other pollutants.

Analyses and measurements in the fields of ecology and health unequivocally
point to alarming findings — citizens throughout Serbia are facing serious challenges
regarding the air quality they breathe. This research aims to gain a deeper understan-
ding of current issues and fundamental concepts related to air pollution in Serbia, with
a particular emphasis on its potential impact on public health. Additionally, we will
examine existing measures for air pollution control and explore the need for further
research and improvement in approaches to addressing this challenge.
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AIR POLLUTION ELEMENTS
Particulate Matter

Particulate Matter (PM) refers to fine particles that constitute a mixture of dust,
soot, and smoke. These particles are suspended in the air as solid particles or liquid
droplets. Particulate Matter is one of the most significant pollutants with a highly
detrimental impact on human health. Depending on size, they are classified into PM10
and PM2.5 particles. This classification is based on particle size, where PM2.5 partic-
les are those with a size of up to 2.5 microns, while PM10 particles include those up
to 10 microns in size (4). Exposure to high concentrations of particulate matter can
lead to various health disorders, such as respiratory system diseases, exacerbation of
existing respiratory and cardiovascular diseases, and carcinogenesis (5).

Table 1. Different standards for the annual limit value of particulate matter concen-
trations (PM10 and PM2.5) and the daily limit value for PM10 particles

IR BT BT

20 pg/m? 40 pg/m? 40 pg/m?

PM. - Granicna
godignja vrednost

PM,; - Granicna B0 pg/m?f35dana 50 pg/m?/ 35 dana

3
dnevna vrednost 2ULdm prekoracenja prekoracenja
10 pg/m? 25 pg/m? 25 pg/m?
granicna vrednost Hg Hg H9
PM,_ - Dnevna 25 pg/m®/ ne sme .
25 o daprede3dana  Nemastandard Nema standard
graniéna vrednost godisnje

Source: Publication on Energy, Climate, and the Environment. Belgrade Open School (6)

Sulfur Dioxide

Sulfur dioxide (SO,) is a colorless gas with a pungent smell and acidic taste. It
belongs to the group of gases known as sulfur oxides and can be found in various raw
materials, including crude oil, coal, and metal ores such as aluminum, copper, zinc,
lead, and iron. The major sources of sulfur dioxide arise during the combustion of fossil
fuels such as coal and oil, while smaller percentages of emissions occur in industries
during metal smelting processes, pulp and paper production, and transportation (7).
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Sulfur dioxide can irritate the eyes and respiratory system when exposed to high
concentrations, and severe cases may result in lung damage. Additionally, chronic
exposure to low concentrations of this gas can cause harm to the upper and lower
respiratory tract. In the presence of other pollutants, sulfur oxides can act as catalysts
for chemical reactions in the atmosphere, leading to the formation of secondary par-
ticulate matter (8).

It is crucial to note that the toxicity of sulfur dioxide can be enhanced under
conditions of increased air humidity, as sulfuric (sulfate) acid is then formed. This acid
in the atmosphere reacts with ozone and water vapor, creating sulfuric acid (H,SO,)
and contributing to the occurrence of so-called acid rain (8). Acid rain or “atmospheric
deposition” forms when free non-metallic oxides of sulfur and nitrogen interact with
water vapor in the atmosphere and fall to the ground (8).

These processes have deeply rooted ecological and health implications that requ-
ire careful monitoring and regulation to protect the environment and human health.

Nitrogen Oxides

Nitrogen dioxide (NO,) is a gas belonging to the group of nitrogen oxides and is
produced during incomplete combustion of fuel, mainly in traffic and power plants.
In urban environments, the primary source of this gas is fuel combustion, making it a
typical indicator of air pollution caused by traffic. In addition to NO,, the air contains
seven other nitrogen oxides, including NO, N,O, NO,, N,O,, and N, Oy, as well as nitric
acids (HNO,, HNO,), and various organic nitrogen compounds such as peroxyacetyl
nitrate (PAN) and other organic nitrates.

Health risks associated with nitrogen oxides arise from both the oxides them-
selves and their reactions, impacting the formation of other harmful substances. The
presence of NO, in the air contributes to the formation of ozone, particulate matter,
and acid rain. In this regard, quantifying the overall harmful impact of nitrogen oxi-
des is challenging and may potentially be more extensive than the direct negative
consequences on human health (9).

Efforts to understand the complex impact of nitrogen oxides on air quality and
human health require an interdisciplinary approach and continuous monitoring to
identify and control risks associated with these pollutants (9).

Ammonia

Ammonia (NH,) present in ambient air has long been considered responsible for
eutrophication and acidification processes in ecological systems. Recently, a scientific
consensus has been reached that ammonia plays a primary role in the formation of
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secondary particles by quickly reacting with already present acidic components in
ambient air (sulfur dioxide and various forms of nitrogen oxides).

Heavy Metals

Lead (Pb) is a toxic metal, and lead emissions are mainly a result of using lead
compounds as additives in gasoline. According to some estimates, since 1923 when
tetraethyl lead was first added to gasoline, over four billion tons of lead have been
emitted. Concentrations of lead in ambient air are generally low, ranging from arou-
nd 0.1 pg/m?® in countries using unleaded gasoline to 1 pg/m?, but they can go up to
10 pg/m?, significantly depending on the country’s economic development, level of
urbanization, and lifestyle.

Other Air Pollution Elements

Cadmium (Cd) is a widely distributed heavy metal with major anthropogenic
sources being the combustion of fossil fuels, metal processing industries, paint indu-
stry, battery industry, and tobacco industry. It often occurs in the air as microscopic
particles that rapidly spread beyond emission sources, covering large areas.

Nickel (Ni) is another heavy metal commonly found in nature with anthropogenic
sources in cities, including the combustion of fossil fuels, metallurgy, and incinerators.
According to the World Health Organization, concentrations of nickel in the ambient
air of European cities vary between 9 and 60 ng/m?.

Ozone (O,) is formed in the lower layers of the atmosphere as a secondary po-
llutant under the influence of ultraviolet radiation and is often referred to as “bad” or
tropospheric ozone. It is extremely reactive and functions as a potent oxidizing agent.
Tropospheric ozone plays a crucial role in the formation of summer smog. Prolonged
exposure to air pollutants containing ozone, especially in traffic, can increase the risk
of asthma, particularly in children (10).

IMPACT OF AIR POLLUTION ON HUMAN HEALTH

Air pollution has serious consequences for human respiratory health and contri-
butes to a wide range of diseases, including asthma, chronic obstructive pulmonary
disease (COPD), pneumonia, and tuberculosis, as well as allergic diseases. Although
the relationships between air pollution and these diseases are complex, recent epi-
demiological studies emphasize the growing importance of air pollution, especially
that associated with traffic, both in developed and less developed countries. Traffic
on local roads, in particular, can indicate the harmful effects of air pollution (11).
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Air pollutants originating from traffic and other sources expose individuals to
complex mixtures of pollutants characterized by variable concentrations in space and
time. These factors pose a challenge for accurate exposure quantification. However,
new measurement and modeling methods enable a deeper understanding of the links
between exposure to air pollutants and respiratory tract diseases (12). Prolonged
exposure to traffic-related pollution can shorten life expectancy (13).

In addition to direct harm to human health, air pollution also has indirect effects,
including:

e Damage to crops and vegetation due to the deposition of acidic substances in

the soil (soil acidity).

e Poisoning of domestic animals due to the presence of heavy metals in the soil
and atmospheric precipitation.

e Soil and groundwater pollution due to the leaching of harmful substances
from atmospheric precipitation.

e Influence on climatic and microclimatic conditions.

Air pollutants have a low impact not only on respiratory health but also on the
cardiovascular system (14). Particles and gases present in polluted air can trigger
acute events such as heart attacks, strokes, heart failure, and hypertension (15).
Evidence shows that PM2.5 particles have harmful effects on the cardiovascular
system, contributing to atherosclerosis, thrombosis, inflammation, and other pat-
hological processes in coronary arteries, heart failure, hypertension, diabetes, and
arrhythmias (16). The increase in air pollution levels in recent decades is associated
with 14% of all deaths from cerebrovascular diseases (17). Available evidence also
supports a link between major air pollutants and an increased risk of developing
type 2 diabetes mellitus (18).

The impact of air pollution on the health of children

The impact of air pollution on the health of children is a particularly concerning
topic because children are exposed to air pollutants at a time when their immune
systems are not fully developed, making their bodies more susceptible to negative
effects. Additionally, children often spend more time outdoors where pollutant con-
centrations, especially those from traffic, power plants, and other combustion sources,
are usually higher (19).

Recent research highlights the serious consequences of air pollution on children.
Air pollution, especially that associated with traffic, is linked to increased mortality
among newborns and an elevated risk of developing respiratory problems such as ast-
hma and atopic diseases (19). Studies also show lower rates of bronchitis and chronic
cough in areas with lower concentrations of airborne particles (19).
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While many of these associations between air pollution and health issues in chi-
ldren appear causal, it is important to note that other factors may contribute to these
effects. Therefore, ongoing research aims to confirm these links and understand the
underlying mechanisms of these effects. Such research also provides a foundation
for the development of strategies and policies aimed at protecting children’s health
from the negative impacts of air pollution (19).

REQUIREMENTS AND AIR QUALITY STANDARDS IN SERBIA

Requirements and standards for air quality are detailed in the Regulation on the
Conditions for Monitoring and Air Quality Standards (20). This regulation specifies a
range of key elements related to monitoring and controlling air quality. According to
this legislative framework, specific criteria are set for defining the minimum number
of monitoring points and locations for sampling, measurement methodology, and
assessment of air quality (including reference measurement methods and criteria for
assessing concentrations of pollutants). It also outlines requirements regarding the
data used for air quality assessment, ensuring data quality for air quality assessment,
and the scope and content of information related to air quality assessment following
the Air Protection Law (21).

Air quality requirements cover various aspects, including limit values for po-
llutant levels in the air, upper and lower limits for assessing pollutant levels in the
air, tolerance limits, and tolerant values. It also includes concentrations hazardous to
human health and concentrations reported to the public, critical levels of air pollu-
tants, target values, (national) long-term goals for air pollutant concentrations, and
deadlines for achieving limit and/or target values, especially in cases where they are
exceeded according to the law (21). Monitoring air pollution levels is carried out by
measuring the concentrations of various pollutants such as sulfur dioxide, nitrogen
dioxide, nitrogen oxides, particulate matter (PM10, PM2.5), lead, benzene, carbon
monoxide, ground-level ozone, arsenic, cadmium, mercury, nickel, and benzo(a)
pyrene in the air. This is achieved using automatic measuring instruments and/or air
sampling and analysis of samples.

AIR QUALITY STATUS IN SERBIA

According to the Air Protection Law (21), the Annual Report on the State of
Air Quality in the Republic of Serbia is prepared and published by the Environ-
mental Protection Agency. The basis for air quality monitoring is the Regulation
on the Establishment of the Air Quality Control Program in the State Network
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(22). This regulation defines measurement stations and locations, their number,
arrangement, and the pollutants measured at these locations. The Annual Report
covers data provided to the Agency by institutions conducting measurements and
participating in air quality monitoring at the national and local levels.

In preparing the report, data from the air quality monitoring stations of the
Environmental Protection Agency, the City Institute of Public Health in Belgrade,
the Provincial Secretariat for Urbanism and Environmental Protection of Vojvo-
dina, and the cities of Pan¢evo, Sremska Mitrovica, UZice, PoZarevac, Subotica,
Kraljevo, and Sombor are used. The Regulation on the Determination of Zones
and Agglomerations (23) establishes three zones and eight agglomerations in
Serbia. The three designated zones in the Republic of Serbia are:

— Zone “Serbia”, covers the territory of the Republic of Serbia except for
the territories of autonomous provinces, the city of Belgrade, the city of Nis, the
municipality of Bor, the city of Uzice, the city of Smederevo, and the municipality
of Kosjeri¢;

— Zone “Vojvodina”, covers the territory of the Autonomous Province of
Vojvodina except for the territories of the cities of Novi Sad and Pancevo;

— Zone “Kosovo and Metohija”, covers the territory of the Autonomous
Province of Kosovo and Metohija.

Eight agglomerations are determined in the territory of the Republic of Serbia:

— Agglomeration “Belgrade”, covers the territory of the city of Belgrade;

— Agglomeration “Novi Sad”, covers the territory of the city of Novi Sad;

— Agglomeration “NiS§”, covers the territory of the city of Nis;

— Agglomeration “Bor”, covers the territory of the municipality of Bor;

— Agglomeration “Uzice”, covers the territory of the city of Uzice;

— Agglomeration “Kosjeri¢”, covers the territory of the municipality of
Kosjeri¢;

—Agglomeration “Smederevo”, covers the territory of the city of Smederevo;

— Agglomeration “Pancevo”, covers the territory of the city of Pancevo.

In almost all of the mentioned cities, the air was excessively polluted due to
high concentrations of PM10 or PM2.5 particles, except for Bor, which was classi-
fied as a city with the highest pollution category due to excessive concentrations
of sulfur dioxide (SO,). The latest available report for the year 2021, published
by the Environmental Protection Agency, shows that in 2021, the air was excessi-
vely polluted in the following cities: Belgrade, Ni§, Pancevo, Uzice, Smederevo,
Kosjeri¢, Bor, Novi Sad, Valjevo, Novi Pazar, Subotica, Kragujevac, Kraljevo,
Loznica, Cadak, Zaje¢ar, Paraéin, Sremska Mitrovica, Sombor and Zrenjanin.
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Figure 1. Air Quality Assessment in the Republic of Serbia for 2021
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Source: Environmental Protection Agency (24)

If we compare the data over the last 13 years, the period during which the state
network for air quality monitoring has existed and operated, it is noticeable that the
issue of excessive NO, pollution regularly arises in practically all major environments
where regular monitoring of particle pollution is conducted (6).

Table 1. Average annual concentrations of NO, at monitoring stations in Serbia

City/Town 2011 2013 2014 2015 Average,
2010-2015

Belgrade 408 315 292 343 353
QObrenavac NA 16.4 258 NA NA 225 216
MNovi Sad 69.3 61.7 19.0 18.8 NA NA 422
Beotin NA NA NA 24.4 19.1 NA 218
Smederevo 16.4 18.8 16.8 13.8 266 15.3 18.0
Kragujevac 291 537 215 26.9 NA 29.8 322
UZice 44.9 NA 50.6 487 322 384 430
Kosjeric NA 16.4 18.8 12.9 NA NA 16.0
Nig 36.4 232 333 259 218 26.0 278
Valjevo 309 189 28.3 342 21.7 20.7 258

Source: World Health Organization (2)
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The Institute of Public Health of Serbia “Dr. Milan Jovanovi¢ Batut,” in its
annual analysis titled “Urban Air Pollution in the Territory of the Republic of Serbia
Measured in the Network of Public Health Institutions in 2019,” states that the trend
of low representation of particulate pollution monitoring with PM10 and PM2.5
particles continued (20).

PREVENTIVE MEASURES

There are many policies and approaches in various sectors that could signifi-
cantly contribute to reducing air pollution. For example, in the industrial sector, the
implementation of clean technologies to reduce emissions from chimneys and improve
waste management, including capturing methane gas emitted from landfill sites, can
significantly decrease exhaust emissions.

In the energy sector, providing access to affordable and clean energy for hou-
sehold cooking, heating, and lighting needs can significantly contribute to emission
reduction. Transitioning to cleaner methods of electricity production, as well as
supporting public transportation in urban areas, developing pedestrian and bicycle
paths, and intercity rail connections, are also steps toward reducing pollution caused
by transportation.

Urban planning can contribute to improving the energy efficiency of buildings
and creating more energy-efficient cities through strategies that promote greener and
more compact urban concepts. Additionally, careful planning of institutions such as
schools, playgrounds, and hospitals can contribute to reducing energy consumption.

In the power generation sector, increasing the use of low-carbon and renewable
energy sources, such as solar energy, wind energy, and hydropower, can significantly
reduce emissions. Combined heat and power generation, as well as distributed energy
production, such as mini-grids and rooftop solar production, can contribute to diver-
sifying energy sources and reducing emissions from the electricity sector.

In municipal and agricultural waste management, strategies to reduce waste,
separate, recycle, and reuse or treat waste can reduce the amount of waste ending
up in landfills. Additionally, improving methods for managing organic waste and, in
the case of incineration, applying the best available technologies with strict emission
control can contribute to reducing negative impacts on the air. These various policies
and measures can significantly improve air quality and reduce negative consequences
for health and the environment (2).

There is a range of potential interventions that would directly contribute to re-
ducing air pollution and citizens’ exposure. Firstly, reducing the use of solid fuels for
heating and cooking in households is a key measure. Additionally, reducing emissions
from industrial facilities plays a significant role in decreasing exhaust gases.



30 MEDICINSKI GLASNIK / str. 20-32

Transitioning to more sustainable mobility, such as the use of clean transpor-
tation modes, is a priority step in reducing emissions from traffic. Improving city
and building planning to make them more energy-efficient, greener, and compact
would also contribute to reducing energy consumption and emissions. Increasing
the use of low-emission fuels and non-combustible renewable energy sources, such
as solar and wind energy, has the potential to significantly decrease emissions from
the energy production sector. Strategies for waste reduction, separation, recycling,
and reuse are also crucial in reducing pollution. Enhancing communication and
raising awareness of the risks associated with air pollution can contribute to a better
understanding of the issue and support the implementation of measures. All these
actions should be integrated into an environmental monitoring framework. Policies
to reduce air pollution should be considered as an opportunity for an interdisciplinary
approach to air quality management, with shared goals and coordinated interven-
tions across relevant sectors, including energy, transportation, waste management,
and agriculture.

The second group of potential actions involves building the capacity of
public health experts and applying modern methods to assess health impacts and
environmental risks. This includes monitoring and filling gaps in knowledge
and epidemiological data on air pollution. Appropriate actions in this context
include increasing technical capacities at the national level, developing national
strategies for monitoring and mapping environmental risks and their impact on
specific health outcomes, as well as implementing epidemiological surveillance
of the environment (2).

CONCLUSION

The fight against air pollution requires integrated cross-sectoral collaboration
and a comprehensive approach to air quality management, both globally and in
the local context. The situation in Serbia particularly demands attention, given the
existing challenges related to air pollution. Coordinated interventions in sectors such
as transportation, energy, waste management, and agriculture are crucial for impro-
ving air quality and protecting the health of citizens. Involving all relevant stakehol-
ders, along with identifying synergies between measures to reduce air pollution and
decrease greenhouse gas emissions, can maximize health benefits and contribute to
environmental preservation in Serbia and worldwide. Clean air is not only a matter of
health but also of economic well-being and quality of life, and investing in policies
and actions to enhance air quality is a necessary step towards a better future, both in
Serbia and globally.
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