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ABSTRACT: Abstract: The paper presents results of the measurements of the sulfur dioxide (SO2) and nitrogen diox-
ide (NO2) concentration and meteorological parameters: temperature, air pressure, relative humidity and wind speed. 
The data were collected from January 2019 to December 2020 at two stations, namely Center and Heating plant, in 
the City of Bijeljina, Republic of Srpska, Bosnia and Herzegovina. SO2 and NO2 are one of the major air pollutants 
that could negatively aff ect the human health. Levels of SO2 and NO2 in air samples and meteorological variables 
from urban zone of Bijeljina were determined at both localities, which represent a highly-populated area with inten-
sive traffi  c. This topic has not been studied up to now in Bijeljina, although the recent research data indicates that 
there is a correlation between meteorological parameters and air pollutants. Statistical analysis confi rms direct corela-
tion between SO2 and NO2 and meteorological parameters, specially temperature in locality Center (r = -0.639), the 
wind speed in locality Heating plant (r = 0.399) and relative humidity (r = 0.162). Correlation of NO2 with tempera-
ture is not confi rmed in both localities. The wind speed increase is followed by rises of the NO2 concentration values 
and vice versa. Correlation of NO2 with pressure is confi rmed in locality Center (r = 0.128) but it is not confi rmed 
in locality Heating plant. Correlation between NO2 and relative humidity found to be negative in locality Center (r 
= -0.062). These parameters are the most important meteorological factors infl uencing the variation in SO2 and NO2 
concentration in the air during the research. Depending on the obtained correlation, meteorological parameters had a 
positive or negative impact on air pollution.

Keywords: air quality, sulfur dioxide (SO2), nitrogen oxides (NOx), nitrogen dioxid (NO2).

INTRODUCTION
Air pollution can be defi ned as the emission of various gases, particulate matters, biological materi-

als, and other pollutants into the atmosphere. The sources of emissions could be natural and anthropogenic 
(Stanek & Brown, 2019). Natural sources include physical disasters, such as forest fi res, volcanic erup-
tions, dusty storms and various agricultural activities (Barbosa et al., 2008; Von Glasow et al., 2009; Prato 
& Huertas, 2019). Anthropogenic sources produce most of the environmental pollutants and, they could 
be stationary and mobile sources (Fino, 2019). Stationary sources include all activities related to the com-
bustion of fossil fuels in the production of electricity or heat, the combustion of fossil fuels in production 
processes, emissions from households and waste incinerators, furnaces, and other heating devices, tradi-
tional biomass combustion, various industrial plants, mining and agricultural activities (Cardu & Baica, 
2005; Ge et al., 2004; Yadav & Devi, 2019; Pandey et al., 2014). Since these activities are performed on a 
large scale, they contribute the most to air pollution. Mobile sources include all types of transport vehicles: 
motor vehicles, trains, ships, and planes (Hesterberg et al., 2006; Abbasi et al., 2013; Mueller et al., 2011). 
Among the anthropogenic sources of air pollution, the most important are thermal power plants, industrial 
and domestic furnaces that use fossil fuels to obtain electricity or heat and means of transport. Industrial 
and domestic heating stoves have a seasonal character, while thermal power plants pollute the atmosphere 
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throughout the year. The greatest infl uence of individual fi replaces on the air quality in our region is from 
October to May. Regardless of the source, pollutants have a considerable impact on the living world and the 
environment. Some of them cause diseases and even death, lead to reduced visibility, block sunlight, cause 
acid rain, ozone holes, damage materials and infrastructure, damage ecosystems, cause climate promenades 
that aff ect the entire planet (Ramanathan & Feng, 2009; Maduna & Tomašić, 2018).

According to World Health Organization (WHO) estimates, about seven million people die each 
year from air pollution. WHO data show that 9 out of 10 people breathe air in which the WHO guidelines 
for air pollutants are exceeded, and low-and middle-income countries suff er from the major exposure. Air 
pollution poses a serious threat to health and the climate. The combined eff ect of ambient and indoor air 
pollution causes about seven million premature deaths each year. That is an outcome of increased mortality 
from stroke, heart disease, chronic obstructive pulmonary disease, lung cancer, and acute respiratory infec-
tions. Estimations say that about 4.2 million deaths per year are the result of exposure to polluted ambient 
air, and 3.8 million deaths per year are the result of polluted indoor air (www.who.int/health-topics/air-
pollution#tab=tab_1; www.who.int/phe/eNews_63.pdf).

The law defi nes the control of emitters of pollutants at the point of discharge, and it is necessary 
to carry out a series of complex technological procedures to achieve the prescribed permitted emission 
levels. National legislation defi nes allowable concentrations of pollutants emitted from stationary sources 
and allowable emissions of pollutants in ambient air (Regulation 124/12; Directive 2008/50/EC; Rulebook 
3/15, 51/15, 47/16 and 16/19). Diff erent compounds (gases, liquids, and solid particles) can appear in the 
air as pollutants. The most common pollutants that appear in the air of urban areas are sulfur oxide (SOx), 
nitrogen oxides (NOx), carbon monoxide (CO), particulate matter (PM10 and PM2.5), ground-level ozone 
(O3), volatile organic compounds (VOCs), photochemical oxidants, lead, dust or aerosediment, soot, etc 
(Manisalidis et al., 2020). The WHO off ers global guidelines on thresholds and limits for key air pollutants 
that pose a health risk. The guidelines are applied worldwide, and they are based on expert assessment of 
current scientifi c evidence for PM10, PM2.5, O3, nitrogen dioxide (NO2) and sulfur dioxide (SO2) (www.who.
int/news-room/fact-sheets/detail/ambient-(outdoor)-air-quality-and-health).

During the combustion of fossil fuels, a mixture of diff erent pollutants is emitted. Oxides of sulfur 
and nitrogen are emitted to a signifi cant extent. SOx originate from the sulfur present in fossil fuels or ores, 
while NOx are formed at high temperatures due to the reaction between nitrogen and oxygen from the air. 
The most common SOx are SO2 and SO3. NOx primarily produce nitrogen monoxide (NO), which oxidizes 
to NO2. After discharge from coal-fi red power plants and motor vehicles, SO2 and NOx may have suffi  cient 
time to transform into sulfuric and nitric acid under favorable atmospheric conditions, especially in the 
presence of water vapor. Monitoring the concentration of SO2 is important because of its potential to be 
converted into sulfuric acid (H2SO4), and because of the harmful eff ects on metals, building and construc-
tion materials, urban ecosystems, vegetation and human health. (Đuković & Bojanić, 2000; Ilić, 2015). 
Monitoring of NO2 concentration is important due to its constant emission during the combustion process 
at high temperatures, negative impact on wildlife, vegetation and human health, and the occurrence of acid 
rain due to conversion to nitric acid. In the presence of hydrocarbons increases the impact of NO2 on pho-
tochemical ozone occurence (Warmiński & Bęś, 2018). 

Although other pollutants have the detrimental eff ect on air quality, in this paper attention is focused 
on SO2 and NO2, because these are gases emitted in large quantities from diff erent stationary and mobile 
sources, and they have a proven harmful eff ect on materials, wildlife and human health, aff ect the formation 
of acid rain (Grennfelt et al., 2020), and NOx participate in the formation of ozone (Warmiński & Bęś, 2018). 
In this paper, SO2 and NO2 emissions are monitored continuously, to obtain information on the concentration 
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of selected gases during the year at selected measuring points, depending on local weather conditions.
Allowable concentrations of SO2 and NO2 in European countries were given by Directive 2008/50/

EC (Directive 2008/50/EC), which was also accepted by the Republic of Srpska government (Regulation, 
124/12). Allowable concentrations of SO2 and NO2 in ambient air on an hourly, daily, and annual basis in 
Republic of Srpska are 350 μg/m3 and 150 μg/m3 (1-hour mean), 125 μg/m3 and 85 μg/m3 (24-hour mean) 
and 50 μg/m3 and 40 μg/m3 (annual mean), respectively. Concentrations of SO2 and NO2 dangerous to hu-
man health are 500 μg/m3 and 400 μg/m3, respectively (Regulation, 124/12). The latest WHO guideline 
value for SO2 is 40 μg/m3 24-hour mean. WHO guideline values for NO2 are 25 μg/m3 24-hour mean and 
10 μg/m3 (annual mean) (for protecting the public from the health eff ects of gaseous NO2) (www.who.int/
news-room/fact-sheets/detail/ambient-(outdoor)-air-quality-and-health).

This paper aims to assess the air quality in Bijeljina based on monitoring the content of SO2 and 
NO2 in the air, identifying sources and causes of increasing pollutant concentrations during the year, and 
determining the correlation between pollutants and meteorological parameters.

MATERIALS AND METHODS 

Lඈർൺඍංඈඇ
Air quality testing was performed at locations marked „Center” and „Heating Plant” in Bijelji-

na. The test was performed according to the principle of 24-hour sampling, from January 2019 to the 
end of 2020 at the planned measuring points. The location marked „Center” is located in the city center 
(Karađorđeva street, 44° 45´ 24,43´´ N, 19° 13´ 6,53´´ E). The nearby area includes busy streets, service 
facilities (city administration, banks, shopping malls, and restaurants), cultural and educational facilities 
(Semberija Museum, schools), religious buildings, residential buildings, and a bus station. Traffi  c is the 
predominant source of emissions. The location marked as „Heating plant” is located in the industrial zone, 
in Sremska street 44° 45´ 41,88´´ N, 19° 12´ 21,28´´ E. The close vicinity of this location includes busy 
streets, shopping malls, a gas station, service, and residential buildings so that the predominant sources of 
emissions can be identifi ed as heating plants and traffi  c.

Figure 1. LocaƟ on “Center” (source: Google Earth) Figure 2. LocaƟ on “HeaƟ ng plant” (source: Google Earth)
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The heating plant has a heat source of 2 boilers with a capacity of 3.8 MW, which gives 7.6 MW 
(Work plan, 2017). By calculation, it can be obtained that for the heating season from October to March, for 
boilers with a total capacity of 7.6 MW, 4000 t of coal are needed. According to 2019 data, slightly more 
than 4,000 tons of coal were procured, as follows: separated cube 500 t, separated walnut 500 t, coal cubes 
3,000 t, lignite coal 150 t, and brown coal cube 250 t (Procurement plan, 2019). 

Aඇൺඅඒඍංർൺඅ ඉඋඈർൾൽඎඋൾ
Teledyne Advanced Pollution Instrumentation, Inc. (TAPI) Sad Diego, California, United States, 

model Т100 (UV Fluorescence SO2 Analyzer) of the range 0-200 ppb, has been used for measuring SO2 
concentrations and Model T200 (Chemiluminescence NO/NO2/NOx Analyzer) for NO2, of the range 0-50 
ppb. Monitoring of SO2 was performed following standard BAS EN 14212, as the reference method and 
BAS EN 14211 for NO2 (BAS EN 14212). Presented data were recorded under the ambient temperature, 
where simultaneously have been measured meteorological parameters: air pressure, wind speed and rela-
tive humidity. At the meteorological monitoring site along the border of the city every day during the 
research period meteorological parameters have been recorded. The measured concentration of pollutants 
was compared with actual values, defi ned by regulations regarding air quality, issues on pollution and air 
quality control. Based on both data along with Regulation on air quality values (Regulation, 124/12), Direc-
tive 2008/50/EC on ambient air quality and cleaner air for Europe (2008/50/EC) as well as standards rec-
ommended by WHO and EU countries, an assessment of the current state will be given. The present study 
gives a review of the existing conditions via representing relevant parameters and discusses the position of 
their amount in the range of recommended as well as limit values specifi ed by the mentioned legislation. 

Sඍൺඍංඌඍංർൺඅ ൺඇൺඅඒඌංඌ
For the determination of the interdependence and relationship between SO2 and NO2 of air quality, 

the Excel 2016, JASP Computer software (JASP, 2021), and Wessa Statistics Software 1.2.1 were used 
(Wessa, 2021) for statistical data processing. Descriptive statistical operations like mean, median, mode, 
standard deviation (SD), variance, minimal (min) and maximal (max). Skewness, Kurtosis and Shapiro-
Wilk test value have been applied to analyse the measured data. Also, correlation analysis was performed 
and the bagplots are shown.

RESULTS AND DISCUSSION 
The mean annual value of SO2 concentration in order to preserv human health amounts 50 μg/m3 

(2008/50/EC; Regulation, 124/12) (Table 1). Measured average values of SO2 are shown in Table 1, together 
with maximal and minimal values, median, mode, standard deviation and variance. In a research fi eld, it did 
not exceed and amounts 19.39 μg/m3 (locality Center) and 25.06 μg/m3 (locality Heating plant) (Table 1). The 
usual values of SO2 in urban areas usually range from 20 to 100 μg/m3 (Ilić et al., 2008; Ilić & Janjuš, 2008; 
Ilić, 2009; Ilić et al., 2010), while in areas far from any human activity the natural level of SO2 is below 5 μg/
m3 (Jablanović et al., 2003). Daily and hourly concentrations in urban areas, as in the case of Bijeljina, are 
higher than the usual average of 20-50 μg/m3. Considering that there are no published publications from the 
previous period, a comparison was made with the values from Banja Luka City. Measurements in Banja Luka 
are performed at similar locations as in Bijeljina, in the center next to the busy road, near the City Heating 
Plant, so the sources of pollution in both cities are similar. Research conducted in the area of Banja Luka, in 
terms of SO2 content in the air, showed that Banja Luka is a zone with slightly polluted and unpolluted air. 
There is no signifi cant impact on people, fl ora, fauna, and natural and material goods (Ilić et al., 2009), with an 



50 www.qol-au.com

Bඋൺඇ඄ඈ Rൺൽඈඏංම, ൾඍ ൺඅ.
A®Ù Qç�½®ãù ®Ä ã«� TÊóÄ Ê¥ B®¹�½¹®Ä� - TÙ�Ä�Ý �Ä� L�ò�½Ý Ê¥ SÊ2 �Ä� NÊ2 CÊÄ��ÄãÙ�ã®ÊÄÝ Qඎൺඅංඍඒ ඈൿ Lංൿൾ (2022) 13(1-2):46-57

average annual SO2 value of 10.14 μg/m3. This indicates that the investigated area in Banja Luka is not over-
burdened with this pollutant, and the values are below the limits that most often occur in the urban area (Ilić et 
al., 2008; Ilić & Janjuš, 2008; Ilić, 2009; Ilić et al., 2010). Higher values were measured during later research 
and the annual value is 21.81 μg/m3 (Ilić, et al., 2018), whereas the prime cause is the increase in the number 
of vehicles in the city. As in the case of Bijeljina, in the case of Banja Luka, the highest concentrations were 
recorded during the winter period, due to intensive combustion of sulfur-containing fuels and traffi  c (Ilić et al., 
2008), while during the summer period an extremely low average monthly value was recorded. Daily varia-
tions are directly connected to the regime and intensity of traffi  c and using fossil fuels. During a day, popula-
tion activities such as traffi  c frequency increase, and this causes the concentration of polluting substance SO2 
to grow, but probably and sulfur trioxide and sulfuric acid. Thus, under the right conditions, SO3 can lead to 
the formation of sulfuric acid, a strong irritant and corrosive agent. Ultimately, sulfuric acid is formed in water 
droplets from the interaction of SO2 and hydroxyl radicals (OH•) (Ilić et al., 2018).

The mean annual value of NO2 concentration in order to preserve human health amounts 40 μg/
m3 (2008/50/EC; Regulation, 124/12). Measured average values of NO2 at measuring points in Bijeljina are 
shown in Table 1, together with maximal and minimal values, median, mode, standard deviation and vari-
ance. In a research fi eld, average values are 45.04 μg/m3 (locality Center) and 55.62 μg/m3 (locality Heating 
plant). Measured NO2 concentrations, with annual mean concentrations above 18.82 μg/m3, which is the case 
in Bijeljina, indicate the dominance of traffi  c and urban sources in air pollution (RoTAP, 2012). During the re-
search in the area of Banja Luka, the average annual value for NO2 was 46.08 μg/m3 (Ilić, 2009, Preradović et 
al., 2010), indicating polluted air, similar to Bijeljina. The value of NO2 concentration in the air was exceeded 
in 2007, when the average annual value was 63.09 μg/m3 (Erić et al., 2008). A lower average annual value was 
recorded during 2015-2017, which amounted to 28.23 μg/m3 (Ilić  et al., 2019). Comparing the results of mea-
sured values of SO2 and NO2 in Bijeljina, with the results obtained for measurements conducted in Banja Luka 
(Ilić et al., 2009), it is clear that the air quality in Bijeljina is worse. This indicates that in the measuring areas 
in Bijeljina there are signifi cant sources of pollution, such as heating plants, individual combustion plants that 
use coal of poorer quality as fuel and the proximity of busy roads. Multiple increases in the concentration of 
SO2 and NO2 in Bijeljina during the winter months can be attributed to the direct impact of increased combus-
tion of fossil fuels during the heating season, as is the case in Banja Luka.

Table 1. StaƟ sƟ cal summary of SO2 and NO2 and meteorological variables in localiƟ es Center and HeaƟ ng plant in Bijeljina City 
(2019-2020)

 Center 
SO2 

Heating 
plant 
SO2 

Center 
NO2 

Heating 
plant 
NO2 

Center 
VW m/s 

Heating 
plant VW 

m/s 

Center P 
bar 

Heating 
plant P bar 

Center T 
(0C) 

Heating 
plant T 

(0C)

Center 
RH%

Heating 
plant 
RH%

Valid 730 732 730 732 731 731 731 731 731 731 731 731 

Mean 28.431 23.770 47.256 46.656 1.567 1.597 975.881 993.570 10.009 13.773 86.484 87.624 

Median 19.395 25.061 45.038 55.624 1.200 1.210 973.736 994.123 9.907 11.690 89.989 90.516 

Mode 8.839 26.421 17.237 14.130 1.220 0.600 24.245 990.160 -10.38 99.900 99.900 99.900 

Std. Deviation 22.033 7.053 21.866 23.057 1.244 1.242 38.210 10.076 9.654 17.325 35.987 12.887 

Variance 485.444 49.739 478.112 531.639 1.547 1.543 1459.968 101.532 93.201 300.173 1295.060 166.083 

Skewness 2.318 -0.031 0.075 -0.168 2.058 2.062 -21.147 -0.102 0.186 3.052 19.827 -1.182 

Kurtosis 7.040 0.422 -1.809 -0.572 5.137 5.147 528.497 0.730 -0.017 11.403 485.374 1.400 

Shapiro-Wilk 0.751 0.959 0.812 0.884 0.791 0.790 0.230 0.990 0.956 0.674 0.260 0.864 

Minimum 8.839 8.062 17.237 7.780 0.230 0.250 24.245 960.517 -10.38 -8.568 25.649 29.790 

Maximum 180.039 55.014 80.922 146.803 8.400 8.420 1026.347 1028.928 63.781 99.900 99.987 99.900 



51

Bඋൺඇ඄ඈ Rൺൽඈඏංම, ൾඍ ൺඅ.
A®Ù Qç�½®ãù ®Ä ã«� TÊóÄ Ê¥ B®¹�½¹®Ä� - TÙ�Ä�Ý �Ä� L�ò�½Ý Ê¥ SÊ2 �Ä� NÊ2 CÊÄ��ÄãÙ�ã®ÊÄÝ Qඎൺඅංඍඒ ඈൿ Lංൿൾ (2022) 13(1-2):46-57

Although extremely high levels of SO2 and NO2 have not been recorded during the investigated pe-
riod, humidity during the analyzed period of 86.49% (locality Center) and 87.62% (locality Heating plant). 
Due to several chemical reactions in which SO2 and NO2 are converted into sulfur and nitrogen acid, it can 
aff ect the increase in harmful eff ects caused by the action of SO2 and NO2.

Figures 3 and 4 show the trend of the presence of SO2 pollutants by months for both years of re-
search. The level of SO2 concentration is signifi cantly higher in the winter compared to the summer months, 
which confi rms that the use of fossil fuels is a signifi cant source of this pollutant. The concentration of SO2

in the area of the heating plant during the heating season is signifi cantly higher compared to the measured 
concentration at the measuring point Center. That can be attributed to the direct impact of the heating plant 
on air quality. During the rest of the year, the concentrations of SO2 at both measuring points are equal, as 
the seasonal sources of pollution (heating plants and individual furnaces) are not operative. The levels of 
SO2 at both measuring points during the summer season (April-September) are even, which indicates that 
the predominant sources of air pollution in that interval are the exhaust gases of motor vehicles.

Figure 3. Graphic representaƟ on of measured ЅO2 
concentraƟ ons (μg/m3) in 2019 

Figure 4. Graphic representaƟ on of measured ЅO2 
concentraƟ ons (μg/m3) in 2020 

Figures 5 and 6 show the trend of NO2 presence by months for both years of the study. The level 
of NO2 concentration is uniform during winter and summer periods, which indicates that the source of this 
pollutant is related to human activities, primarily related to traffi  c. NOx concentrations are in a wide concen-
tration range, depending on geographical areas. Nitric oxide content in urban areas is high compared to non-
urban areas. These concentrations, which vary depending on the region, regarding the emission intensity, 
also vary during the day. Variations in NO2 levels predominantly depend on human activity during the day, 
month, and meteorological conditions. Thus, for example, nitric oxide concentrations in the early morn-
ing hours without solar insolation are generally constant. As the activity of the population changes during 
the day, the frequency of traffi  c increases, and the concentration of NO, as the primary pollutant, increases 
(Thomas & St. John, 1958; Ilić & Preradović, 2009; Ilić & Maksimović, 2021). The concentration of NO2

at both measuring points is uniform throughout the year, with the measured concentrations at the measuring 
station of the Heating plant being higher concerning the location of the Center, which supports the claim 
that that location is an additional source of pollution of Heating plant.
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Figure 5. Graphic representaƟ on of measured NO2 
concentraƟ ons (μg/m3) in 2019 

Figure 6. Graphic representaƟ on of measured NO2 
concentraƟ ons (μg/m3) in 2020 

Each meteorological factor plays a unique role in explaining variations of pollutants through its 
particular response or eff ect (Vasiliauskienė et al., 2016). The infl uence of meteorological parameters on 
ambient air quality is signifi cant (Gong et al., 2015). The relationship between SO2 and NO2 concentrations 
and meteorological factors for two included locations in the City of Bijeljina was analyzed using the cor-
relation technique. The results of the correlation analysis between the SO2 and NO2 concentration and mete-
orological parameters are shown for the level of signifi cance p < 0.001 and p < 0.01 (Table 2). Temperature, 
air pressure and relative humidity are meteorological factors with the strongest impact on the SO2 and NO2

concentration level (Zhang, et al., 2015; Jayamurugan et al., 2013; Liu et al., 2020). 

Table 2. CorrelaƟ on coeffi  cients between SO2 and NO2 concentraƟ ons and meteorological variables

Pearson Spearman Kendall 
   r p rho p tau B p 

Centar SO2 - Centar NO2 0.110 ** 0.003 -0.275 *** 0.001 -0.171 *** 0.001 
Centar SO2 - Centar VW m/s -0.014 0.713 -0.038 0.306 -0.019 0.453 
Centar SO2 - Centar P bar 0.131 *** 0.001 0.192 *** 0.001 0.130 *** 0.001 
Center SO2 - Center T (0C) -0.639 *** 0.001 -0.737 *** 0.001 -0.505 *** 0.001 
Centaer SO2 - Center RH% 0.162 *** 0.001 0.520 *** 0.001 0.357 *** 0.001 
Center SO2 - Toplana SO2 0.164 *** 0.001 0.109 ** 0.003 0.078 ** 0.002 
Center NO2 - Center VW m/s 0.565 *** 0.001 0.650 *** 0.001 0.442 *** 0.001 
Center NO2 - Center P bar 0.128 *** 0.001 0.249 *** 0.001 0.151 *** 0.001 
Center NO2 - Center T (0C) -0.031 0.400 0.107 ** 0.004 0.093 *** 0.001 
Center NO2 - Center RH% -0.062 0.093 -0.127 *** 0.001 -0.083 ** 0.001 
Center NO2 - Heating plant SO2 0.398 *** 0.001 0.327 *** 0.001 0.240 *** 0.001 
Center NO2 - Heating plant NO2 0.662 *** 0.001 0.544 *** 0.001 0.372 *** 0.001 
Heating plant SO2 - Heating plant NO2 0.801 *** 0.001 0.737 *** 0.001 0.547 *** 0.001 
Heating plant SO2 - Heating plant VW m/s 0.399 *** 0.001 0.534 *** 0.001 0.387 *** 0.001 
Heating plant SO2 - Heating plant P bar -0.014 0.708 -0.019 0.603 -0.013 0.595 
Heating plant SO2 - Heating plant  T (0C) -0.067 0.071 -0.230 *** 0.001 -0.154 *** 0.001 
Heating plant SO2 - Heating plant RH% 0.051 0.168 0.037 0.314 0.029 0.246 
Heating plant NO2 - Heating plant VW m/s 0.455 *** 0.001 0.614 *** 0.001 0.437 *** 0.001 
Heating plant NO2 - Heating plant P bar -0.055 0.137 -0.101 ** 0.006 -0.064 ** 0.010 
Heating plant NO2 - Heating plant T (0C) -0.034 0.358 -0.160 *** 0.001 -0.105 *** 0.001 
Heating plant NO2 Heating plant RH% -0.039 0.295 -0.060 0.107 -0.033 0.195

* p < 0.05, ** p < 0.01, *** p < 0.001
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We found a negative correlation between SO2 in locality Center and temperature (r = -0.639), which 
implies the signifi cant use of fossil fuels at low temperatures in individual furnaces. At the location of the 
Center, the correlation was not confi rmed, which indicates the dominant infl uence of traffi  c and constant 
pollution, regardless of the meteorological parameters. The statistical analysis confi rms that when the tem-
perature drops, there is an increase in pollution, as there is increased consumption of fossil fuels, which 
is the cause of enlargement in the concentration of SO2. Temperature decrease is followed by rises of the 
SO2 concentration values, i.e. and vice versa. Correlation between temperature and SO2 concentration in 
location Center is confi rmed by the Pearson’s, Spearman’s and Kendall’s Rank Correlation Coeffi  cient and 
presented in Table 2; Fig. 7. Positive correlation of SO2 concentrations with the wind speed is signifi cant in 
locality Heating plant (r = 0.399, Table 2, Fig. 8). The wind speed increase is followed by rises of the SO2 
concentration valuesand vice versa. This indicates that the source of pollution is probably from other areas, 
more precisely from urban settlements with individual fi reboxes. 

Figure 7. CorrelaƟ on between SO2 concentraƟ ons and 
temperature in locaƟ on Center

Figure 8. CorrelaƟ on between SO2 concentraƟ ons and 
temperature in locaƟ on HeaƟ ng plant 

Correlation between SO2 and relative humidity was found to be positive (r = 0.162, Table 2), which 
implies that increasing of the SO2 concentration is followed by increasing of relative humidity, and vice versa. 
From the data collected during the study period, SO2 concentration dependence on the relative humidity is 
obtained and shown in Fig. 9 and 10. The correlation was also confi rmed by the Pearson’s, Spearman’s and 
Kendall’s Rank Correlation Coeffi  cient and given in Table 2. The humidity level is highest in the winter. At 
the same time, there is the highest consumption of fossil fuels, as well as the highest emissions of pollutants.

Figure 9. CorrelaƟ on between SO2 concentraƟ ons 
and relaƟ ve humidity in locaƟ on Center

Figure 10. CorrelaƟ on between SO2 concentraƟ ons 
and relaƟ ve humidity in locaƟ on HeaƟ ng plant
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Relative humidity was found as animportant parameter with a strong impact on the reactivity of the 
system, by aff ecting the production of wet aerosols, which in turn aff ect the ultraviolet actinic fl ux. It can 
be a restrictive factor in the disposition of NO2 because high percentages of humidity favor the reaction of 
NO2 with particles of Sodium chloride (Dueñas et al., 2002). Correlation between NO2 and relative humid-
ity was found to be negative in locality Center (r = - 0.062, Table 7), which implies that lowering of the 
NO2 concentration is followed by the increase of relative humidity and vice versa. From the data collected 
during the study period, NO2 concentration dependence on the relative humidity is obtained and shown in 
Fig. 11. Negative correlation was also confi rmed by the Pearson’s, Spearman’s and Kendall’s Rank Cor-
relation Coeffi  cient and given in Table 2. In locality Heating plant correlation was not confi rmed (Fig. 12).

Figure 11. CorrelaƟ on between NO2 concentraƟ ons 
and relaƟ ve humidity in locaƟ on Center

Figure 12. CorrelaƟ on between NO2 concentraƟ ons and 
relaƟ ve humidity in locaƟ on HeaƟ ng plant

Correlation NO2 with temperature was not confi rmed in both localities (Fig. 13 and 14). 

Figure 13. CorrelaƟ on between NO2 concentraƟ ons 
and temperature in locaƟ on Center

Figure 14. CorrelaƟ on between NO2 concentraƟ ons and 
temperature in locaƟ on HeaƟ ng plant

The positive correlation of NO2 concentrations with the wind speed is signifi cant in both localities 
Center (r = 0.565) Heating plant (r = 0.455) (Table 2). The wind speed increase is followed by rises of the 
NO2 concentration values and vice versa.

There are very signifi cant deviations regarding the correlation analysis at the location of the Heat-
ing plant concerning the location Center. The reason may be the existence of diff erent dominant sources 
of pollution at the sites in question. At the Center location, traffi  c is the predominant source of pollution, 
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while at the Heating plant location, the most important source of pollution is coal combustion in the 
Heating plant.

CONCLUSION
This paper presents results of simultaneous measurement of SO2, NO2 and meteorological param-

eters at locality “Center” and “Heating plant” in the City of Bijeljina. 
The mean annual value for two-year sampling periods for SO2 in a research fi eld is 19.39 μg/m3 (lo-

cality Center) and 25.06 μg/m3 (locality Heating plant). The results obtained for SO2 were below regulatory 
limits. Measured average values of NO2 at measuring points in Bijeljina are average values are 45.04 μg/m3 
(locality Center) and 55.62 μg/m3 (locality Heating plant).

Dominant sources of pollution are traffi  c and coal combustion in the heating plant, which is espe-
cially noticeable in the winter when there is a signifi cant increase in the concentrations of SO2. Statistical 
analysis confi rms directional connection between SO2 and NO2 and meteorological parameters, specially 
temperature in locality Center (r = - 0.639), wind speed in locality Heating plant (r = 0.399) and relative 
humidity (r = 0.162). The correlation of NO2 with temperature was not confi rmed in both localities. Speed 
of wind increase is followed by rises of the NO2 concentration values and vice versa. Correlation NO2 with 
pressure is confi rmed in locality Center (r = 0.128) and not confi rmed in the locality Heating plant. Cor-
relation between NO2 and relative humidity was found to be negative in locality Center (r = - 0.062). These 
parameters are the most important meteorological factors infl uencing the variation in SO2 and NO2 levels 
during the research. Depending on the obtained correlation, meteorological parameters had a positive or 
negative impact on air pollution.
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