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ABSTRACT. This study shows the results of preliminary monitoring of particulate 
matter (PM10 and PM2.5) at four measurement points, during the three 
campaigns (spring, autumn, winter) The study was conducted for the first time in 
residential area near coal-fired power plant, Ugljevik, Bosnia and Herzegovina. 
The power plant flue gas cleaning equipment in the time of this research was out 
of the function. Authors investigated seasonal variations of PMs concentration 
levels, influence of terrain structure and meteorological condition on PMs 
distribution and identification of PMs origin sources. The results revealed that 
seasonal variation was more expressed in the case of PM2.5 concentration, 
while for PM10, occasionally episodic pollution (399µg/m3) was recorded. Also, 
it was noted that prevailing meteorological conditions and surrounding terrain 
structure could have limiting effect on PMs dispersion. In order to detect PMs 
origin, linear regression analysis was applied. Authors revealed that PM2.5 
originating from power plant could be prescribed partly for M1 where the greatest 
correlation was calculated (R2=0,45). Although the measuring sites were set in 
proper position regarding dominant winds and terrain structure, it was identified 
that certain measurement sites were affected by the other local particulate 
matter sources, especially in case of PM10.  
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INTRODUCTION 

 
Particulate matters (PMs) in ambient air represent one of the most 

critical pollutants worldwide regardless of whether the area is industrial or 
urban. PMs are present in the air in various shapes and sizes, ranging from 
less than 10nm to 10µm in aerodynamic diameter [1].  
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High PMs concentrations in air, along its negative impact on the 
environment can also have an impact on human health and could cause 
chronic respiratory diseases [2]. Health disorder also depends on the size of 
PMs, exposure time to PMs as well as on population age [3]. Hence, coarse 
particles (particles with diameter less than 10µm-PM10) affect human health 
less compared to fine particles (particles with diameter less than 2.5µm-PM2.5). 
The origin of these two groups of PMs could be different. While PM10 is defined 
as a primary pollutant, which means that it is emitted directly from natural or 
anthropogenic source, PM2.5 is defined as a secondary pollutant that occur 
in complex and uncertain atmospheric processes. In physic-chemical reactions 
of PM2.5 formations, the main role belongs to the sulfur-dioxide (SO2), nitrous 
oxides (NOx) and Volatile Organic Compounds (VOC) [4]. Those gasses are 
responsible for the secondary particle formations in three steps: nucleation, 
condensation and coagulation [5]. Nucleation is the first step that is the most 
probable in the presence of the sulfuric acid (H2SO4) that is prone to form 
hydrogen bond with other atmospheric compounds (water, ammonia, organic 
acids, etc.) [6]. In the condensation phase, the most occurring process is merging 
of gas pollutants with the existing solid particle in the air. The next, and the 
final phase, is mutual aggregation of previously mentioned forms that leads 
to the particle size growth.  

Since the reactions of particle formation in the atmosphere are very 
complex there is no universal chemical reaction to describe it. The basic 
mechanism for forming PM2.5 and other atmospheric aerosols is oxidation of gas 
phase SO2 or NO2 by hydroxyl radicals (OH˙) and formation of sulfur and 
nitrous acid (H2SO4 and HNO3) and further interaction of these products [7]: 
 

SO2 + OH˙ →HSO3
- 

HSO3
-+O2→ SO3+HO2 

SO3+H2O+M→ H2SO4 
H2SO4+NH3→NH4SO4 

 
NO+O3→NO2+O2 

NO2 + OH˙ →HNO3 
HNO3 +NH3→NH4NO3 

SO2+2NO2+2H2O→ 2H++SO4
2−+2HONO 

2NH3+SO2+ 2NO2+2H2O→ 2NH4
++SO4

2−+2HONO 
(VOC +OH˙ (or O3) →highly oxygenated molecules) 

A scheme of secondary particle formation in atmosphere is given in 
Figure 1.  
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Figure 1. Forming of PM2.5 and other atmospheric aerosols is oxidation of gas 

phase SO2 or NO2 by hydroxyl radicals (OH˙) 
 
Having in mind that the origins of fine particulates are complex 

atmospheric processes, it is more likely to happen in the presence of emission 
sources that discharge precursors of PM2.5 (e.g. combustion processes of 
fossil fuels) [8]. The occurrence of higher PMs concentration because of 
Large Combustion Plants (LCP) operation was reported by many studies [9].  

There are nine coal fired LCP in the territory of Bosnia and Herzegovina 
(BiH). Most of the LCPs were built during the seventies in 20th century. In the 
area of Ugljevik municipality (BiH) there is a coal (with sulfur content 3-6%) 
fired thermal power plant with one boiler of 350 MW capacity which was 
constructed in 1983. The average annual electricity production of this LCP is 
1560 GWh. The average PM10 emission concentration is 383(mg/Nm3) [10]. 
The treatment of waste gases is carried out by two Electrostatic Precipitators 
(EPs), which are in poor condition despite the frequent maintenance. The 
new electrostatic precipitators reconstruction has begun in 2017 [11]. Hence, 
LCP Ugljevik generates higher amounts of PM2.5 (373 t) than other plants. 
For example, LCP "Nikola Tesla" B1/B2 in Serbia generates 290t and LCP 
Kostolac B1/B2 in Serbia generates 32t.The LCP in Ugljevik is one of the 
main air pollutants in Bosnia and Herzegovina [12]. 

The emissions from LCP Ugljevik contribute to the poor air quality 
within the wider area and constant citizens’ complaints. As a first step in improving 
air quality management as well as enforcement of the national legislation that 
is harmonized with EU directives [13], the municipality of Ugljevik provided 
preliminary ambient air quality assessment. For the first time, three monitoring 
campaigns at four monitoring sites near LCP were conducted. The concentration 
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of sulfur dioxide (SO2), nitrogen oxides (NOx), fine (PM2.5) and coarse (PM10) 
particles, carbon monoxide (CO), ozone (O3) as well as meteorological 
parameters were measured.  

Due to poor condition of EPs at Ugljevik LCP, this study was focused 
solely on coarse and fine particle monitoring. Thus, according to the obtained 
monitoring data for the first time, the PMs assessment in LCP surrounding 
was performed. The assessment was based on detailed data analysis and 
identifying: 1) the seasonal variations of PMs concentration levels, 2) influence of 
terrain structure and meteorological condition on PMs distribution and 3) PMs 
source origin. The results and conclusions obtained within this study is a 
good starting point in understanding the PMs atmospheric fate in this area 
which could help decision-makers to undertake necessary control measures 
for air quality improvement.  
 
 
RESULTS AND DISCUSSION  
 

In order to present all data of this extensive PMs monitoring that 
comprehended three campaigns over large periods of time, at four measurement 
sites, in this paper, all daily PMs concentrations are presented in the graph form 
(Figure 2 and Figure 4). Additionally, the statistical data on PMs concentrations 
are presented in the form of boxplots (Figure 3 and Figure 5.   

Assessment of seasonal variation of PMs concentration levels  

Daily PM10 concentration levels during all three campaigns at all 
sites are presented in Figure 2.  

 
Figure 2. Data on PM10 concentration levels on all sites (M1-M4)  

during three campaigns 
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The measurement results have shown that daily PM10 concentration 
levels during all three campaigns at M1 did not exceed the limit value 
(LV=50µg/m3) [13]. During the II campaign, at M2, there has been an exceedance 
of the limit value (LV) in 60% of samples (maximum concentration was 
99,51µg/m3), as well as in 30% of samples during the III campaign at the 
same measurement site (maximum concentration was 83,93µg/m3). At M3, 
higher PM10 concentration levels were noted than at the other sites. 
Depending on the campaign, the LV exceedance ranged from 71% to 100% 
of samples at M3. The maximum concentration was measured during the II 
campaign (399.95 µg/m3). PM10 concentration levels at M4 were significantly 
lower during the I campaign compared to the II campaign when three exceedances 
of the mean daily values were noted. During the III campaign, data coverage 
of PM10 concentration at M4 was less than 90%, so it was not considered in 
this paper. For each campaign, the highest PM10 concentrations were measured 
at M2 and M3 (Figure 3).  

Figure 3 presents statistical data on PM10 concentration during the 
monitoring campaigns. The boxes represent 1st and 3rd quartile, the whiskers 
represent minimum and maximum values, the asterix represents outlier values 
and the red line represents the daily limit value (50µg/m3). 

 

 
 

Figure 3. Box plot showing the PM10 distribution during the measuring campaign 
for all three measurement seasons (I, II and II season).  



BOGDANA VUJIĆ, VASILE PODE, JELENA MIĆIĆ, FRANCISC POPESCU,  
UNA MARČETA, ADRIAN EUGEN CIOABLA 

 

 
296 

Daily PM2.5 concentration levels during all three campaigns at M1-
M3 are presented in Figure 4.  

 

  
 

Figure 4. Data on PM2.5 concentration levels on sites M1-M3  
during three campaigns 

 
 
The statistical data of the measured PM2.5 concentrations for all 

measuring sites during the three campaigns are given in the form of box plots 
(Figure 5). During the III campaign, PM2.5 concentrations exceeded the LV 
of 35 µg/m3 [13] at all measuring sites (M1, M2 and M4). The maximum 
concentration of 43.3 µg/m3 was noted at M4 during the III campaign. In 
general, PM2.5 concentrations at all three sites were higher in the III 
campaign when compared to the I and the II campaign. 

Figure 5 presents statistical data on PM2.5 concentration during the three 
monitoring campaigns. The boxes represent 1st and 3rd quartile, the whiskers 
represent the minimum and maximum values; The asterix represents outlier 
values; The Red line represents daily limit value (35 µg/m3). 

Regarding seasonal variation of PMs concentration, it could be 
concluded that PM2.5 concentration showed significantly higher fluctuation 
during campaigns. Hence, during the winter PM2.5 concentration is much 
higher in comparison to the spring and autumn season which supports the 
conclusion that PM2.5 originates from LCP that was operating harder during 
the colder seasons. PM10 concentration fluctuation was not expressed to 
ahigh extent during the seasons. However, occasionally episodic pollution by 
PM10 was recorded. 
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Figure 5. Box plot showing the PM2.5 distribution during the measuring campaign 

for all three measurement seasons (I, II and II season).  

Influence of topography and meteorological parameters on PMs 
distribution 

The fate of atmospheric pollutants is affected by numerous factors 
such as emission source properties, pollutant and environmental characteristics 
where it is being released (topography, meteorological conditions etc.). All 
abovementioned factors are correlated and cannot be observed separately. 
Thus, taking into account the topography of Ugljevik environment which is a 
hilly landscape with slight elevations and valleys in the range of 150 - 400m 
above the sea level on one hand and the height of the LCP emission source 
(300m) on the other, undoubtedly leads to the conclusion that this area 
structure can have some limiting effect on the free pollutant distribution over 
long distances.   

Considering the dominant winds, this area is characterized by winds of 
an average speed of up to 2 m/s. Calm periods are frequent (308‰) [14, 15].  

According to the data on wind speed (WS) and wind direction (WD) 
measured at M4 it is evident that the potential impact of the LCP on the 
environment is changeable. During the I and the II campaign, the most potentially 
impacted areas could be at north-west (NW), south-west (SW) and north-east 
(NE) from the LCP, while during the III campaign it could be areas at the north-
west (NW) direction of the LCP (Figure 6).  
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Figure 6. Wind Roses for spring (left), autumn (middle) and winter (right) campaign 
 

On the other hand, wind speed during all campaigns was relatively 
low (maximum speed was lower than 2.5 m/s). By analyzing the relation of 
PM10 concentration and wind speeds, it was concluded that the maximum 
PM10 concentrations were measured at low wind speed (less than 1 m/s). 
Figure 7 represents the relation between wind speed and PM10 at M4 during 
the I campaign. 

 

 
Figure 7. Relation between the wind speed and PM10 at M3 during the I campaign 
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Regarding dominant winds and terrain structure, all measuring sites 
were placed at locations which are potentially mostly influenced by the 
emission. 

The origin of the particulates 

In order to derive greater conclusions based on PMs monitoring data, 
authors decided to use linear regression analysis (LRA). In recent studies, 
researchers reported that LRA could give crucial information relating to the 
particle origin [16]. Hence, the relation between PM2.5 and PM10 mass 
concentration indicated that higher relation coefficient is attributed to 
anthropogenic particle sources and the higher share of fine particles, while 
the smaller ratios indicate the higher share of coarse particles, which might 
be related to natural sources [17].  

In order to understand relations between PM2.5 and PM10 and their 
origin in this area, LRA for each measuring site by seasons was performed. 
The relations are determined by correlation coefficients (R2) that are 
calculated in Microsoft Excel software [18].  

The results showed very different, but still very low correlation between 
PM2.5 and PM10 for all sites during all seasons. The highest correlation 
coefficient (R2=0,45) was calculated for M1 measuring site (Figure 8). On the 
other hand, at M3, where the highest PM10 concentration and the largest 
number of LV exceedance were measured, the lowest correlation was noted 
(R2<0,02). This can lead to the conclusion that there is a low probability that 
LCP had an influence on the measuring sites M2, M3 and M4, regarding fine 
particles, but the highest influence of LCP could be noted for M1.   

 

 
Figure 8. Linear regression analysis between PM2.5 and PM10 for M1  
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Since the measuring points were set relatively close to the point 
source and considering the source height this could be expected [19]. The 
relatively weak correlation between concentrations during the seasons could 
also indicate the possible changes in emission rate due to overhaul, unexpected 
malfunctions or reduced production capacity (http://riteugljevik.com).  
 
 
CONCLUSION 

 
The air pollution represents a major problem in the vicinity of the LCP 

Ugljevik, BiH. Although the authorities have harmonized legislation with the 
high EU air quality standards, for LCP operator it is impossible to manage all 
technical issues within the defined deadlines because the outdated equipment 
and financial restrictions for new investments. In order to access air quality 
in populated area around LCP, measurement of PMs concentrations at three 
sites during three campaigns has been conducted for the first time. 

The assessment included detailed analysis of PMs concentrations, 
their seasonal fluctuation, the indication of possible distribution pattern and 
PMs source identification as well.  

The results indicated that PM2.5 concentration showed intensive seasonal 
fluctuation, especially during the winter season. However, PM10 seasonal 
fluctuations were not expressed to that extent. A very high and episodic 
pollution (399µg/m3) was recorded, regardless of the measuring season  

Concerning the distribution pattern due to prevailing meteorological 
conditions and terrain structure, all measuring sites were placed at locations 
which could potentially be mostly influenced by the emission. Still, according 
to the results of LRA, where PM2.5/PM10 relation was calculated, it was 
noted that the PM2.5 originating from LCP had the most influence on the 
measuring site M1 with the correlation coefficient of 0,45. Although the 
authorities requested the air quality assessment for the populated area, it 
was noted that the measurement sites (M2 - M4) were not set at proper 
distances from LCP. Thus, it could be said that the impact of other sources 
(house heating, soil resuspension etc.) was dominant at those monitoring 
sites. In general, it can be concluded that the seasonal variations in concentration 
levels were noticeable to a certain extent.  

However, this research has some limitations including a short period 
of time over which the trends were analyzed. Therefore, further investigation 
should be focused on qualitative and quantitative PMs analysis coupled with 
modelling of PMs dispersion into the surrounding environment. This approach 
could be useful as a basis for detailed air quality assessment, improvement plans, 
pollution control strategies, establishing representative monitoring network and a 
framework of health impact assessment in accordance with the WHO and 
EU recommendations. 
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EXPERIMENTAL  

Monitoring domain  

The city of Ugljevik, with 15710 inhabitants [20] is in the eastern part 
of Bosnia and Herzegovina. The thermal power plant complex is in the 
vicinity of a populated place while the closest residential buildings are 
situated at a distance of only 200 m. The plant is supplied with coal from its 
own mine located on the south of "Bogutovo Selo" complex (Figure 9) with 
an annual capacity of 1.75 million tons of coal [21]. 

 

 
Figure 9. Analyzed site domain and position of measurement sites 

 
Measurement sites 

The In-situ measurements of concentration levels of the relevant 
parameters were carried out at four locations. Indicative measurements of 
ambient air quality were carried out at four measuring points [13]. Monitoring 
was conducted during the thirty days in each of the three campaigns: I -
spring, II - autumn and III - winter. At automatic station located at city center 
(M3), the hourly values of meteorological parameters and pollutants during 
each campaign were conducted. At the remaining three sites (M1, M2 and 
M3) the measurement of daily particulate concentration was being carried 
out successively for seven days during each campaign.  

The position and distance from the locations and the analyzed 
pollution source are shown in Figure 9 and Table 1.  
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Measurement methods 

Measurement of air pollutants, as well as weather conditions, were 
provided by two types of instruments (Table 1). 
 
 

Table 1. Specification of methods, monitoring sites and parameters 

Equipment 
Measurement 

site abb. 
Measurement 
site location 

Distance 
from point 

source (km)
Parameters 

Baghirra 
instrument for  
PM sampling 

M1 
N44.717353, 
E18.930450 

4.9 

PM 2.5 
PM10 M2 

N44.664258, 
E19.084668 

9.6 

M3 
N44.694987, 
E19.012171 

3.6 

Air Pointer 
Instrument 
(RECORDUM) 

M4 
N 44 41.496' 
E 18 59.783' 

2.5 

wind speed (WS), 
wind direction 
(WD), atmospheric 
pressure (P), 
relative humidity 
(RH) and dew point 
(Dew), PM10 

 
 
Air-pointer, located at M4, has a PM10 analyzer that works based on 

nephelometry optical technique that uses a light-scattering photometer with 
a silicon detector hybrid preamplifier and a source reference detector. The 
light scattered is proportional to the particle concentration. This is the fastest 
particle concentration measurement with high precision and very low 
detection limit. 

At other measuring sites (M1-M3), after passive sampling, the content 
of PM10 and PM2.5 was determined in a laboratory using gravimetric method 
(SRPS EN 12341).  
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