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In municipality of Ugljevik (Bosnia and Herzegovina), the coal-fired thermal pow-
er plant is located in the vicinity of the populated area. The ambient air quality 
monitoring within this area were not systematically performed in the previous pe-
riod. This research was the first to include indicative measurement of pollutant 
concentration in air combined with modeling techniques for the purpose of a pre-
liminary assessment of impact which the power plant has on air quality. Since 
coal, with the sulfur content of 3-6%, is used, as well as the fact that there was 
no flue gas desulphurization during the research period, this paper shows the 
results for SO2 as one of the most prominent indicators of pollution originating 
from the power plant. As a complement to the measurements, modeling of SO2 
dispersion was carried out using ADMS5 software. The measurements indicated 
increased ground-level concentrations of SO2. Additionally, the modeling of SO2 
dispersion with real meteorological data was carried out. The modeling confirmed 
high SO2 concentrations in research area. Also, it was found that the high episodic 
ground-level SO2 concentrations are the consequence of the terrain configuration 
and meteorological conditions. 
Key words: SO2, air pollutant dispersion, ADMS5,  

air quality assessment, large combustion plants

Introduction

The growing environmental problem, which follows the industrialization, urbaniza-
tion and intensification of road transport, is air pollution [1, 2]. From the aspect of heat and elec-
tricity production in power plants, combustion of fossil fuels, primarily coal, poses a serious 
threat to human health and global environment [3-6]. Besides emission of GHG, the energy 
sector releases a huge amount of heavy metals, particulate matter, NOx, and SO2. Emissions 
from energy sector is responsible for 69% of global SO2 emissions [7]. Various studies have 
shown that health risk exists for short term exposure to high SO2 concentrations. However, SO2 
has been identified as non-cancerous pollutant [8, 9]. 

Although significant shift from fossil fuel to green energy production occurred in 
last decade, coal remains the most used fuel in energy production sector, chemical industry 
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and metallurgy sector. The coal-fired thermal power plants (TPP) are still main contributors to 
atmospheric releases of CO2, NOx, and SO2 [10]. 

Twenty-nine coal fired TPP are located in the territory of Western Balkans, and nine 
at the territory of Bosnia and Herzegovina. In the area of Ugljevik municipality there is a TPP 
complex with one boiler of 350 MW capacity. The treatment of flue gases is carried out by two 
electrostatic precipitation, which are in poor condition despite the frequent maintenance. The 
TPP in Ugljevik had no NOx and SO2 emission control. The construction of a FDG plant has 
begun in 2017 [11,12]. Due to the high content of sulfur in fuel (3-6%) [13] and lack of flue-gas 
desulfurization, this facility generates 154 kt per year of SO2 [14].

Today, all EU member states, candidate states and potential candidate states like 
Bosnia and Herzegovina must implement and enforce measures to comply with EU Air Quality 
Framework Directive [15]. As a first step in enforcement of the national legislation, munici-
pality of Ugljevik provided preliminary ambient air quality assessment. So, at the area around 
TPP, three monitoring campaigns were conducted. The concentration of SO2, NOx, suspended 
particles (PM2.5 and PM10), CO, O3 as well as meteorological parameters were measured. 
Furthermore, the study was focused solely on SO2, due to coal high sulfur content and absence 
of FGD. 

Since the monitoring data were not enough to access the air quality, the modeling 
techniques were used. Modeling and simulation of SO2 dispersion from TPP through various 
models has been the subject of numerous researches in the field of environmental protection 
[16, 17]. For modeling and simulation of air pollution dispersion as well as for the prediction 
of impact on the environment and human health, it is best to use Gaussian dispersion models 
because of their simplicity and fast response time. One of the Gaussian dispersion models that 
became widely used in Europe, the atmospheric dispersion modeling system (ADMS5) [18] 
was used for SO2 dispersion simulation. 

Materials and methods

As the systematic analysis of air quality coupled with modeling had not been carried 
out by the time this research begun, the aim was to determine the level of air pollution as well 
as to identify the exposed zones near TPP in Ugljevik city. Hence, the research was carried out 
in two phases. The first phase included three measurement campaigns while the second one 
included the simulation of SO2 dispersion in real environment.

In situ air quality measurements

During three seasons (spring, fall and winter), indicative measurements of am-
bient air quality were carried out at four measuring points [15]. The position of pollution 
source, and monitoring sites are shown in fig. 1. Measuring sites were selected as locations 
which are the potentially mostly influenced by the emission source according to the pre-
vailing meteorological condition in the region, as well as according to terrain configuration. 
Monitoring was conducted during the 30 days in each of the campaigns. At automatic station 
located at city center (M4), the hourly values of SO2 and meteorological parameters during 
each campaign was conducted. At the remaining three sites (M1, M2, and M3) the measure-
ment of daily SO2 concentration values was being carried out successively for seven days 
during the campaigns. 

Air Pointer Instrument (RECORDUM) was used to measure hourly meteorological 
parameters and SO2 concentrations. Station was located in the city center, at 2.5 km distance 
from the pollution source in the north-east direction according to the source. The Air Pointer 
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Instrument has a modular desing and is fitted with: NO/NO2 chemiluminescence principle 
(EN14211) module; SO2 an UV fluorescence (EN14212) module; O3 an UV absorption (EN 
14625); CO an Non-dispersive Infrared (NDIR) Gas Filter Correlation (EN14626) module; 
Volatile Organic Compounds (VOC) as Photo Ionization Detector (PID) module; PM10 based 
on nephelometry principle.

The AT-401X device was used for passive sampling of SO2 at M1, M2, and M3. The 
device has an option to electrically control different parameters including pressure and air tem-
perature measurement, pressure in the inlet system, regulation and measurement of mass-flow. 

The ambient air samplers have been set up in accordance with the requirements de-
fined in the Regulation on monitoring conditions and air quality requirements that include: free 
air-flow (at least 270°) without obstructions that could affect the flow, at 1.5 m (respiratory 
intake level), distance from the pollution source etc. The reference method for SO2 described 
in the standard SRPS EN 14212, ambient air quality: Standard method for SO2 concentration 
measuring based on ultraviolet fluorescence was used.

Dispersion model

To model the atmospheric dispersion of SO2 emitted by TPP, the Gaussian dis-
persion model ADMS5 was used. The ADMS5 was designed by Cambridge environmental 

Figure 1. Analyzed site domain, position of measurement sites and complex 
terrain visualization in WGS_1984_UTM_Zone_34N 
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research consultants (CERC) specifically for assessing air quality impacts of industrial sites. 
ADMS5 has the possibility to create hourly and daily short-term (ST) as well as long-term 
(LT) concentration propagation scenarios. The ADMS5 allows flexible input meteorological 
data but minimum parameters required to run (besides timing) are: wind speed and direc-
tion, temperature, humidity, pressure and at least one of: reciprocal of the Monin-Obukhov 
length; the surface heat flux; or the cloud cover. The model options are various inputs and 
output capabilities, like dry and wet deposition, puffs, NOx chemistry, time varying sources, 
variable roughness, i. a. Based on recent research, one should have in mind that all available 
atmospheric pollutant dispersion models are more or less accurate, over or under-estimating 
predictions [19, 20].

Input data

Study area (terrain and meteorological data) – The city of Ugljevik is in the eastern 
part of Bosnia and Herzegovina. The TPP complex is in the vicinity of a populated place while 
the closest residential buildings are situated at only 200 m. This research included simulation 
of a real modeling environment where complex terrain module was performed. A domain of 
25×25 km (center is the TPP) is defined, with a resolution of 50 m. Field simulation data are 
defined in the corresponding file with coordinates in WGS_1984_UTM_Zone_34N with EPSG 
code 32634, fig. 1. The meteorological data (wind speed – WS, wind direction – WD, atmo-
spheric pressure – P, relative humidity – RH, and dew point-Dew) measured at M4 were used 
for SO2 dispersion modeling.

Emission sources – The boiler was constructed in 1983. Brown coal is used as the 
main energy source which is exploited at the vicinity of the TPP itself. The average annual 
electricity production of this TPP is 1560 GWh. Flue gases are released into the atmosphere 
from 300 m high stack. 

The ADMS5 uses data on pollutant emission rate, stack characteristics (position, height 
and diameter) as well as the flue gas parameters (temperature, exit flux: volume or velocity). 

Depending on emission source type, as an input, ADMS5 uses different types of emis-
sion rates. According to the available emission parameters, emission rate for point sources 
[gs–1] could be calculated by simple equation: Ei = Ci×Qfg, where Ei [gs–1] is calculated emis-
sion rate of specific pollutant, Ci [mgm–3] – the concentration of measured pollutant at stuck, 
and Qfg [m3h–1] – the a flow rate of flue gas. 

Since a range of SO2 concentration and flue gas flow rate has been reported [13], 
for the purpose of this research, the most undesirable scenario, upper emission concentration 
(24394 mg/m3) and flow rate of SO2 (1815100 m3/h) were used. 

The results obtained from the air dispersion model could be more accurate if time-
varying emissions in form of input file are used instead of single, constant value for emission 
output rate [21]. However, in many cases access to continuous emission monitoring data is not 
possible either due to lack of installed monitoring equipment or difficulties in obtaining those 
data from TPP operator. In our case a single averaged SO2 emission concentration value was 
used, as constant release at one stack. One known uncertainty in projected simulated results was 
introduced due to lack of information available for SO2 background concentrations and resi-
dential heating emissions. However, as residential heating that are not connected to centralized 
heating system is mostly assured by wood stoves and natural gas boilers, that does not contain 
sulphur, authors considered safe to assume that those sources are not contributing significantly 
to SO2 background concentrations.
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Results and discussion

In situ sulfur dioxide air quality monitoring results

In order to quantify the SO2 emission from TPP Ugljevik and its impact on air quality 
in the surrounding area, several relevant criteria for optimal distribution of analyzers should 
be adopted, those are spatial representativeness and the ability to detect violations of imposed 
air quality standards. This criterion can be integrated in well-known multi-objective optimi-
zation algorithms like Non-dominated sorting genetic algorithm (NSGA-II) to provide Pareto 
optimal solutions for an optimum choice of areas where SO2 analyzers should be installed [22]. 
However, this extended analysis for optimal instrument set-up is not always possible, as in this 
study, when the instruments were deployed for short to midterm period, and when the security 
and electricity availability for instruments were the most relevant criteria. 

The SO2 concentrations for all monitoring sites during three campaigns are given on 
fig. 2.
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Fugure 2. Daily SO2 concentration during three campaings 
(for color image see journal web site)

During the spring campaign, data coverage of SO2 concentration at M4 was less than 
90%, so it was not considered in this paper. However, during the spring and fall campaign, 
at M1, M2, and M3, SO2 concentration levels were below the daily limit values (DLV) of 
125 µg/m3. At the M4, the DLV, hourly limit value (HLV) of 350 µg/m3 as well as threshold 
limit value (TLV) of 500 µg/m3, were not exceeded in fall campaign. For the winter campaign 
it could be noted that concentrations at all measurement sites were increased compared to the 
spring and fall campaign. At M3, during the winter campaign, exceedance of DLV for 3 days 
(43%) was recorded. The maximum daily concentration at M3, was 198.51 µg/m3. On the other 
hand, at M4 site, during the same campaign, an exceedance of HLV and DLV was not recorded, 
but the overall concentrations were increased compared to the fall campaign, figs. 2 and 3.

Since daily average concentration values were measured at three points, critical pe-
riods of the day when higher concentrations were noted cannot be indicated. However, hourly 
SO2 concentrations from the site M4, indicated the increase during the nights and early morn-
ings which could relate to the morning inversions [23]. The complexity of interaction between 
the weather conditions and distribution of pollutants, as well as the increase in concentration 
near large sources has been investigated in recent studies [24, 25]. During the measurement 
campaigns, the data indicated that meteorological conditions had changed just before the in-
crease in concentration levels in winter campaign. Before the concentration increase, WSW, 
SW, SSW, and NNE winds of the speed class from 0.5 to 2.1 m/s were dominant. However, the 
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period of increased SO2 concentration was characterized by a higher proportion of calms (over 
45%), decrease in atmospheric pressure (below 1000mbar), temperature rise (more than 5 ºC) 
followed by higher dew points and relative humidity. Finally, the high concentration of SO2 
confirmed that air pollution is evident in this area. Air quality can be classified in the second 
category, since the limit values were exceeded, but the exceedance of TLV was not recorded. 

Sulfur dioxide dispersion modeling results

Since there are no hourly concentration data at the majority of the monitoring sites, 
the origin of pollution and SO2 concentration increase could be potentially indicated by pollu-
tion dispersion modeling. 

After preprocessing the input data, two sets of modeling were performed: Long term 
modeling at specified receptor points (measurement sites) in order to make a comparison be-
tween measured and modeled data, which is also a confirmation that adequate simulation model 
was established; long term modeling for whole domain in three campaigns in order to assess 
preliminary ground concentration levels, SO2 distribution patterns as well as the identification 
of the most endangered zones. 

Results of modeling at specified receptor points (measurement sites)

Assuming that there were no significant fluctuations in SO2 emission rate, a single 
averaged SO2 emission concentration value was used, as constant release on TPP stack. In 
order to set up the domain and dispersion model, long term simulation for specified receptors 
(measurement sites) were performed. 

The study area is relatively small (625 km2) with a large number of defined receptor 
points, and literature showed that the sensitivity and uncertainty of atmospheric dispersion 
models such as ADMS, AERMOD, a.o. are very good on 1 hour and 24 hours’ time averaging 
scales [26].

The modeling concentration data are presenteted according to the average concentra-
tion measured at the monitoring sites: for M1, M2, and M3 daily (24 hours) concentration, and 
for M4 hourly (1 hour) averaged concentration, tab. 1.

The modeled concentrations for the spring campaign were very high at specific points 
in relation to the measured concentrations. This relatively weak correlation between measured 
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and modeled concentrations indicates the possible changes in emission rate due to overhaul, 
unexpected malfunctions or reduced production capacity [27]. Different than in spring, in the 
fall and winter season modeled data significantly correlate with the measured values. As in the 
case of the measured concentrations, higher concentration levels are also noted in modeled 
concentrations for the winter season, tab. 1.

The variation degree of modeling and measuring data is determined by the quality of 
the model input data and monitoring sites reprezentativnes as well [28]. Many case studies use 
Gaussian models to report variations in measured and modeled ground concentration levels 
of SO2 per hour and 24 hours due to emissions from thermal power plants [17]. Besides, the 
EU Directive (2008) [15] defines the goals for achieving data quality objectives for ambient 
air quality assessment obtained by different techniques where modeling uncertainty of 50% 
for hourly and daily concentrations and 30% for annual values were defined. Pre-estimated or 
under-estimated modeled concentration in this study is the consequence of three data inputs: 
Unavailable data on emission from residential heating as well as time varying emission rate 
form the TPP stack. These data are the crucial input parameters for model accuracy [29, 30]; 
unvailable data on background SO2 concentrations; drawback of the ADMS5 which by default 
does not model calm conditions (wind speeds measured at 10 m height are less than 0.75 m/s) 
especially when the complex terrain module is used [31]. This was an additional limiting factor 
during the dispersion simulation over the period of higher concentrations when the effect of 
calms was significant [32].

Regardless of these factors, simulations for the fall and winter campaign indicate 
the sensitivity to real meteorological conditions and consequently, the modeled concentration 
correlate with the measured sulfur dioxide concentrations in the range defined by EU Directive 
[15]. Hence, modeling with the available input data can serve as an indication of the ground 
SO2 concentration levels and of the concentration fluctuations due to weather conditions. 

Long term modeling for whole domain in three campaigns

As modeled concentrations at specific points during the fall and winter campaign cor-
relate with the measured concentration values, in order to identify the most vulnerable areas, 
the modeling for the field of area in radius of 25 km around the TPP Ugljevik was carried out. 
Results of LT modeling for whole domain in three campaigns are presented in tab. 2.

Generally, for the all measurement campaigns, high SO2 concentrations were modeled 
which is indicated by the maximum hourly concentration and 98th percentile of hourly concen-
tration (C98th), tab. 2. High modeled concentration during the spring and winter campaign are 
the consequence of the low wind speeds and great share of calms during the measurement cam-
paigns. In general, modeled concentrations overestimate measured concentrations in most of 
the LT simulations period which could be the consequence of the meteorological data accuracy 

Table 1. Average measured and modeled - long term (LT) for 1 hour and 24 hours – 
concentration at specified points (measurement sites) for all three campaigns

Campaign Spring Fall Winter
Conc.

[µgm–3] Measured Modeled Measured Modeled Measured Modeled

M1 LT [24 hours] 10 66 17 14 10 9
M2 LT [24 hours] 13 157 15 14 32 30
M3 LT [24 hours] 13 82 19 13 189 213
M4 LT [1 hour] – 65 1.36 2 34 23
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[33]. Modeled SO2 2-D and 3-D concentration contour maps for all campaigns are presented 
on fig. 4.

Identified vulnerable areas in all three campaigns are mainly in the domain of the sur-
face coal mine which is not highly populated. By analyzing the numerical model outputs, it is 
identified that the highest ground SO2 concentration is are modeled on relatively high altitudes 
(over 300 m a.s.l). 

Since the measuring points were set relatively close to the point source, with relatively 
low probability of pollution detection due to the source height [13, 34], as well as there are no 
data on other small SO2 sources (residential heating, individual small combustion units etc.), it 
cannot be reliably specified what are the causes of such concentration increase. However, com-
bination of measuring and modeling techniques in this study pointed out that pollution episodes 
which ocurre in this area are the consequence of the terrain configuration [35] and the way how 
the typical climate conditions affect this area.

One can also note the importance of using the pollutant dispersion models for air 
quality assessment of existing or planned industrial installations, to design the regional or urban 
air quality monitoring networks. 

This ADMS study shows that the highest obtained values after SO2 dispersion simula-
tion are noted on the south of Ugljevik TPP stack, where installation of monitoring equipment 
could provide better results in terms of standards compliance validations.

Table 2. Ground level (LT) modeled SO2 concentration
Modeled concentration LT (1 hour)

[µgm–3]
Maximum 
[µgm–3]

Average modeled concentration
[µgm–3]

C98th 
[µgm–3]

Spring 519 94 391

Fall 165 22 120

Winter 211 44 165

(a) (b) (c)

Figure 4. The 2-D and 3-D contour maps of modeled SO2 concentration [µgm–3] (WGS84 ) during the 
spring (a), fall (b) and winter (c) campaign (for color image see journal web site)

Conclusion

This study shows the results of measurement and modeling of SO2 concentrations 
during the three campaigns (spring, fall, winter) in residential area near coal-fired power plant. 

The measurements indicated that during the winter campaign, higher SO2 concentra-
tion were noted at three measuring sites (M2, M3, M4) compared to the concentrations obtained 
during spring and fall campaign. Also, during the winter measurement campaign there was an 
episodic increase in the concentration of SO2 at two measuring sites (M3 and M4). 
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Gaussian dispersion model ADMS5 was used as an additional tool for point source 
impact assessment of research area and to evaluate the simulation overlap over ground SO2 
monitoring stations. In that sense, two sets of simulations were conducted. The first simulation 
set involved modeling of concentration levels at specific points (measurement sites) in order 
to make a comparison between measured and modeled data and to set up the model input data. 
Another simulation set was conducted with the goal to obtain concentration levels for the whole 
research domain and identification of the most endangered zones. The both simulation sets were 
provided with the assumptions that there are no time varying emission rates at the TPP stack 
with no data on SO2 background concentration and influence of other potential SO2 sources. 
However, the modeling results showed that the structure of the surrounding area and the altitude 
of the pollutant source itself are the parameters which contribute to the fact that extremely high 
concentrations are modeled at locations of high altitudes

It is evident that in this area the air pollution represents a major problem. Although the 
legislation in Bosnia and Herzegovina is harmonized with the high standards of the European 
Union regarding acceptable concentration levels, it is impossible to take technical measures 
within the defined deadlines especially if we consider that the equipment is outdated and that 
there are financial restrictions for new investments.

To increase the accuracy of projected SO2 trajectories obtained from ADMS5 (or 
other models) multiple tools and spatial measured data could be integrated in analysis, such as 
Aerosol Optical Depth and Ångström Exponent, values that can be measured locally, obtained 
from AERONET (AErosol RObotic NETwork) or derived from MODIS (Moderate Resolution 
Imaging Spectroradiometer) space observations [36]. In this particular case, for Uglevik TPP, 
it would be difficult to improve the accuracy of the model results, as the closest AERONAT 
stations are in Timisoara (RO), Tremiti (IT), and Kanzelhohe (AT) so ADMS5 model algorithm 
based on Gaussian plume air dispersion based on boundary layer depth and Monin-Obukhov 
length parameters was used with default options.

Since extensive research has not been carried out yet within this area, combination of 
modeling and measurement, can serve as a basis for ambient air quality improvement plans, 
pollution control strategies, establishing representative monitoring network and a framework of 
health impact assessment in accordance with the recommendations given by the EU and WHO. 
Further research should be focused on the more extensive monitoring in terms of the number of 
sampling points and time coverage, but the main effort should certainly be focused on the power 
plant flue gases cleaning equipment modernization.
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