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well as managers in the area of environment and public health 
management, in order to tackle emerging problems in a comprehensive 
manner. 

Key words: air quality, city of Novi Sad, DPSEEA model, health effects, 
protecting measures. 

Introduction 
The purpose of this article is to apply the existing scientific 

knowledge in the area of medical geography in the scientific description 
and merging of the data on the air quality and the health of the population 
of the city of Novi Sad. Medical geography studies the relation between 
the geographic environment and health, especially estimating the way 
natural and social environments shape the health and well-being of every 
individual (Cromley&McLafferty, 2012). According to the World Health 
Organisation (WHO), health is not just the absence of disease, but the 
reflection of social and mental well-being of individuals in communities as 
well (World Health Organisation, 2020). The field of medical geography 
has developed rapidly in the last decade acknowledging that the concept 
of “location” plays an important role in understanding the health of 
individuals (Kwan, 2012, pp.891-892), while the progress in spatial 
modelling has eased the spatial analysis in different segments, spatial as 
well as temporal (Cromley&McLafferty, 2012).  

An important segment is certainly air quality as it represents an 
important factor in evaluating not only the environment, but the life quality 
of the population in any state. The relationship between air quality and 
human health is not only of national significance but a global issue as 
well. The commonly known fact is that polluted air could be spread 
through the atmosphere to other states, causing serious consequences 
on the environment and human health. Life quality, living conditions and 
the quality of all components and segments of the environment, air 
quality being one of them, represent an imperative of social development. 
The relationship between air quality and human health has been known 
through history and negative effects have already been determined. 
However, development and survival of society in general still lead to a 
continuous increase in air pollution although negative pressures have 
already been determined. The example is certainly the territory of Novi 
Sad and the entire Autonomous Province of Vojvodina. 

Modelling is a case-dependent reduction (abstraction) of a real-world 
problem to its relevant aspects. Models reduce complex problems to 
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13Results of the research and the discussion 

If the DPSEEA model could be shown using air pollution as an 
example, its elements would have the following meanings: 

 
D = industry; the usage of fossil fuels in traffic; the number of 

kilometres per passenger in traffic; 
P = emission of pollutants in the air; 
S = the concentration of pollutants in the air (emission); 
E = population exposure to pollutants; the number of inhabitants 

exposed to excessive air pollution; the number of days with excessive 
pollution; 

E = quantified health effects of the polluted air; the number of 
respiratory and cardiovascular diseases; and 

A = imposed measures by the public health service in order to 
reduce air pollution as well as harmful effects on public health (Matić et 
al, 2016, p.6). 

 
The DPSEEA model used in this article presents the biggest 

contaminant - industry as a driving force of air pollution in Novi Sad, while 
particles of sulphur and nitrogen oxides, as well as РМ10 и РМ2.5 
particles, whose concentration is measured, present pressure on the 
health of the population. Pollutants from individual household heating 
systems during cold weather and PCDF/D particles, whose concentration 
is not measured, also present pressure on public health. One of big 
pressures on the environment, as well as  on air quality, is certainly traffic 
i.e., the usage of fossil fuels as well as the number of kilometres per 
passenger in traffic. However, there is no statistical data which could 
show this segment; therefore, it is not considered in this work. The 
emission of pollutants, i.e. their average annual values, is presented as a 
situation. Excessive values of pollutants represent exposure to harmful 
effects in the environment; long-term exposure to pollutants is related to 
numerous chronic diseases, such as lung cancer and cerebrovascular 
diseases as well as children respiratory diseases. The number of patients 
with respiratory and cardiovascular diseases represents an effect on 
public heath due to exposure to pollutants. The measures imposed by 
public health officials represent activities conducted in the public health 
system in order to mitigate air pollution effects. Figure 2 shows the 
relationship between air quality and public (population) health in Novi 
Sad together with the segments of the mentioned model. 
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13space. The main stationary pollution sources are the oil refinery, power 

plants and heating plants, chemical industry facilities, fuel combustion 
products in households and individual heating boiler rooms, construction 
industry, inappropriate storing of raw materials, landfills, etc. (Službeni 
list APV, 13/2014,  p.150). The problem of air pollution caused by heating 
plants is one of the most significant environmental problems of large 
cities, and also that of Novi Sad, the second largest city in Serbia 
(Petrović, 2017, p.6). 

 
The important sources of air pollution in Novi Sad are: NIS 

Gazpromneft, Chemical industry Novi Sad, Albus (detergents and 
cosmetics industry facility), Gumins (rubber processing, as part of 
chemical complex industry, developed for producing tractor tires and 
production of rubber-technical goods), metallurgy complex Pobeda, 
Novkabel (in the area of electric machines and cables), textile industry, 
leather industry complex Novitet, Neimar (construction industry) as well 
as Buducnost (Chamber of Commerce and Industry of Vojvodina, 2020). 

 
The public enterprise Naftna Industrija Srbije, NIS – Oil Industry of 

Serbia from Novi Sad unites production of oil, gas and oil products - 
engine and industry fuels, lubricants and other products based on oil. In 
oil refinery processes, there is significant air pollution due to the 
presence of easy-to-evaporate hydrocarbons and other aromatic 
compounds. Heating plants which use fossil fuels (lignite) and oil and oil 
products industry are the most significant environmental pollutants. 
Environmental pollution could be present in any process of electric 
industry: coal production (mining and surface mines), production and 
distribution of electric power, oil and gas sectors, starting from research 
and then exploitation and especially in oil processing and transport 
(Službeni glasnik Republike Srbije, 44/2005).  

 
Besides being caused by old technology used in production 

processes, absence of exhaust filtering or poorly efficient existing filters, 
irrational usage of raw materials and energy, as well as poor 
maintenance, significant air pollution is also caused by inadequate 
storing and disposal of by-products. It is considered that vehicles are one 
of the most significant air pollutants in Novi Sad. Exhaust gasses 
emissions release sulphur dioxide, carbon monoxide, nitrogen oxide, 
ozone, and particles into the atmosphere. The  data on vehicle emissions 
are still missing both for the city of Novi Sad and for Vojvodina province 
(Službeni list APV, 13/2014, p.150). 
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13Based on the statistical method, the average annual values of 

pollutants concentration in two measuring stations in Novi Sad are shown 
in Table 1 and it could be noticed that the number of days with excessive 
values of pollutants was 35 for РМ10, and 21 for O3. Therefore, the air 
quality was in the First category according to the classification method. 
The question remains whether it is possible that only two measuring 
stations monitor the air quality in a city as big as Novi Sad. 
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Station 

A
ir 

q
u

a
lit

y 
(c

a
te

go
ry

) Average annual concentration of air pollutants 

SO2 NO2 PM10 PM2,5 C6H6 CO O3 

μg/m3 

Number 
of 

days> 
125 
μg/m3 

μg/m3 

Number 
of 

days>85 
μg/m3 

μg/m3 
Number of 

days>50μg/m3 μg/m3 μg/m3 mg/m3

Number 
of 

days>5 
mg/m3 

μg/m3 

Number 
of 

days>120 
μg/m3 

Novi 
Sad 

Novi 
Sad 
Liman 

I 8.00 0 16.4 0 33.0 35   0.33 0 78.2 21 

Novi 
Sad 
Sangaj 
(L) 

I 8.00 0           

 
 

Табле 1 – Average annual concentration of air pollutants (Environmental Protection 
Agency of the Ministry of Environmental Protection of the Republic of Serbia, 2019b, 

p.42), adjusted 
Таблица 1 – Годовая концентрация загрязняющих веществ в воздухе 

(Environmental Protection Agency of the Ministry of Environmental Protection of the 
Republic of Serbia, 2019b, p.42), адаптировано 

Табела 1 – Годишња концентрација загађујућих материја у ваздуху (Environmental 
Protection Agency of the Ministry of Environmental Protection of the Republic of Serbia, 

2019b, p.42), прилагођено 
 
A combination of methods, i.e. the classification method and the 

analysis of the Report on the air quality state for 2018, and the 
comparison of the air quality categories for the last 9 years made it 
possible to conclude that in 2010 and 2011 the air quality in Novi Sad 
was in the third category.  

 
During 2012 to 2014, the air quality was in the first category; in 

2015, it was in the second category, while in the period from 2016 to 
2018, the air quality was in the first category. When the air quality 
categories are concerned, it is important to notice that there are specific 
warnings and recommendations to the population for certain categories 
of air quality. 
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13Novi Sad’s population exposure to variable air quality 

According to the Statistical Office of the Republic of Serbia in 2017, 
Novi Sad had the population of 356,126 inhabitants, which is 55,000 
more inhabitants than in the census of 2002. From the Report on 
Population Health in Novi Sad for 2018, it is clear that excessive values 
of the following pollutants were determined in Novi Sad: PM2,5 suspended 
particles exceeded the limit values by 12% (the limit value is 25 µg/m3), 
PM2,5 suspended particles exceeded the permissible values by 8 % (the 
permissible value is 26.4 µg/m3) and the concentration of benzo(a)pyrene 
in PM10 suspended particles exceeded the prescribed values in 69% (the 
prescribed value is 1 ng/m3) (Institute of Public Health of Vojvodina, 
2019b, p.110). 

 
The values exceeding the prescribed concentrations of air pollutants 

in Novi Sad during one year period are presented using the cartographic 
method in Figure 5. Urban areas are shown in black, while suburban 
areas are shown in purple. The City’s Direction for Environment's data is 
used for this method and provided by the Institute of Public Health of 
Vojvodina. 

 
According to the same report, exceedances of the limit values of air 

pollutants are determined daily: limit/permissible concentration value 
(50/50 µg/m3) for PM10 suspended particles during 14 days, which is 25% 
of 112 controlled days. Exceeded values were in the range from 52 to 88 
µg/m3; daily limit/permissible value (85/97 µg/m3) for nitrogen oxide 
during 10 days, limit values (2.77%) and 7 days, permissible values 
(1.94%) out of 361 controlled days (Institute of Public Health of 
Vojvodina, 2019b, p.111). 

 
The concentrations of nitrogen-dioxide exceeding daily limits were in 

the range from 85.5 to 134 µg/m3; the concentrations of ozone exceeded 
the prescribed value (120 µg/m3) during five days out of 350 controlled 
days.  

 
These exceeded values were in the range from 121.5 to 205 µg/m3. 

According to the Report on Public Health in Novi Sad for 2018, due to 
national regulation, daily concentrations of PM2.5 particles are analysed 
only annually.   
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13According to the “Identification of Environmental Risk Factors 

Important for the Prevention of Chronic Obstructive Pulmonary Disease 
among the Population of the City of Novi Sad” study conducted by the 
Institute of Public Health of Vojvodina, during the summer period women 
are more sensitive to pollutant exposure. Likewise, it is established that 
beside heavy metals, spores of rust fungi and pollen as immunogenic 
substances are often found in PM10 particles. It is well known that these 
particles worsen asthma symptoms. Due to these facts, it is clear that 
summer periods present risks for potential interactions of air pollutants 
with allergens. These results could be explained by the fact that children 
are longer and more frequently outside than the adults, as well as by 
mutual influence of weather factors and PM10 particles, especially in the 
mentioned period (if relative humidity is lower, the concentration of PM10 
particles is higher). According to the same study, epidemiologic research 
indicates a strong relation between PM10 and PM2.5 particles and 
respiratory morbidity and mortality (Institute of Public Health of 
Vojvodina, 2019a, p.12). 

Protection measures 
Numerous health effects present in the subject territory certainly 

indicate the current state of air quality. Air pollution reduction and the 
limitation of pollutant emissions should be of greater importance in the 
future, as well as the promotion of alternative sources of energy, clean 
industry, the principle of “pollutant paying”, traffic reduction, bicycle use, 
etc. 

Services in charge of monitoring the air quality in the territory of the 
city of Novi Sad are obliged to continually monitor air quality and send 
data to the competent institution. This institution combines and unites 
data from different areas of Serbia and its name is the Serbian 
Environmental Protection Agency (SEPA). 

The network of automated monitoring of the air quality in Vojvodina 
province is presented in Figure 7 with the cartographic method. It shows 
that there are three measuring stations in the territory of Novi Sad – two 
are established by SEPA and one by the Provincial Secretariat for Urban 
Planning and Environmental Protection (PSUPEP). These three 
automated measuring stations continually monitor pollutants along with 
the basic weather parameters and send hourly average measured 
concentrations using ADSL/GPRS in real time, for further processing in 
the central data processing systems. 

By the EU Exchange of Information Decisions (EoI), air quality data 
are defined together with the process of informing the public as well as 
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-1
13by measuring pollutants from traffic, so the average particle 

concentrations per year are mentioned, as well as the number of days 
with exceeded concentrations of pollutants such as particles. Diseases 
morbidity and mortality among Novi Sad's population related to air 
pollution are also shown. Finally, preventive and protection measures are 
presented as actions which should be adopted in order to improve the 
health of Novi Sad's population. 

In accordance with the Health Environment Indicators in the 
Republic of Serbia in 2015 report, the DPSEEA model starts from the 
basics because it is primarily focused on population health and the 
environment, as the driving forces are a product of pressures themselves 
(mechanism of harmful effects). This model is beneficial since it 
comprises a wide spectrum of  potential forces (harmful effects) and the 
ensuing public actions, bringing together professionals, field workers, 
laboratory work force as well as managers in the field of environment 
managing and public health in order to deal with emerging problems in a 
comprehensive manner. 
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Введение/цель: Исследовательской проблемой данной статьи 
является здоровье населения города Нови-Сад. Предметом 
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