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ABSTRACT
The air quality monitoring has been performed during the period 2008-2011 in Bor (Serbia). Five
measuring sites were distributed in the urban-industrial and suburban zones of the town. Continuous
monitoring of sulphur dioxide (SO2) indicates that the most endangered areas are in close vicinity of
the copper smelter and in the prevailing wind directions. Frequent exceedances of the limit value (LV)
were observed at the sites Town park and Jugopetrol, where the average number of days above the
limit value was >100. During the study period, only one average annual SO2 concentration was within
the annual LV regarding all the sites, which suggests poor quality of the air in the study area.
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1. INTRODUCTION
The main aims of air monitoring are implementation of continuous measurements of: meteorological
parameters and emissions of polluting substances from major pollution sources[1,2]. Polluting
substances such asSO2and PM are considered to be indicators of air quality in urban and industrial
areas [3].SO2 is the main product of burning of fossil fuels and metallurgical operations, which
includes sulphide ores processing [2,4]. SO2 is a precursor of acid rain, while sulphuric acid is a
precursor of smog. Also, SO2 could oxidize in the atmosphere and form sulphates which are one of the
components of particulate matter [4].
The paper presents the results of SO2 concentration measurements in the Bor area during the period
from 2008 to 2011 at five measuring sites in the town of Bor.
2. STUDY AREA
The study area represents the urban-industrial (UI) and suburban (SU) zone of Bor (Eastern Serbia)
where the mobile and stationary measuring stations were placed. The mining-metallurgical complex is
located in the close vicinity of the town. A copper smelter, in which sulphide ores are melted, is a part
of the complex and it has beena dominant air pollution source since the late 1960s. The SO2 emission
depends on the amount of processed copper concentrate and operation of sulphuric acid plant in which
SO2 from waste gasses is converted to H2SO4 acid. Due to its dated technology, the plant can utilize
less than 60% of waste gasses, while the rest of the gasses are discharged into the atmosphere. Longterm air pollution from the mining-metallurgical complex is a trans boundary problem. The impact of
the complex on the environment is evident in the Western and central Balkans [5].
2.1. Measuring sites
The measuring sites where the SO2 concentrations were monitored are: Town park (located in the UI
zone), Institute (UI), Technical faculty (UI), Jugopetrol (SU) and Brezonik (SU). The observation of
meteorological parameters, as well as air quality monitoring, was performed by the Mining and
Metallurgy Institute Bor. At the sites Town Park and Jugopetrol SO2 concentrations were measured
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automatically by the UV fluorescent SO2 analyzer (Model AF22M) according to ISO standard, while
at the sites Institute, Technical faculty and Brezonik, concentrations were measured using the
hydrogen peroxide method [5].In Fig. 1 wind rose is given for Bor for the 4-year study period [6]. As
can be seen, the prevailing wind direction is to the west, while the less frequent winds blow in the east
and south direction.

Figure 1. Wind rose diagram (%) for the Bor region in the period 2008-2011
3. RESULTS AND DISCUSSION
3.1. Legislative
Until the 2010, the daily limit value (LV) for SO2 concentrations in the populated areas was150 µg m-³
[7] when new regulation started being applied. The daily tolerant value (TV) for SO2 according to the
new Regulation is lower, 125 µg m-³ [8] and cannot exceede more than three times during a calendar
year. The LV for SO2 concentrations on an annual level is 50 µg m-³ [9], which is lower compared to
the US National Ambient Air Quality Standard amounting to 80 µg m-³ [9]. The proposed daily target
value in the European Union (EU) is 125 µg m-³ [10], and Air Quality Guidelines enacted by the
World Health Organization (WHO) is 20 µg m-³, also on a daily basis [11]. The WHO and the EU do
not have annual limitations for SO2 concentration in the air.
3.2. Sulphur dioxide concentrations
In Figs. 2-5 the average monthly SO2 concentrations and a number of days above the LV are shown at
three to five measuring sites, depending on the active monitoring network [6].
In 2008 (Fig. 2a) the most frequent exceedances of the LV were observed at the site Jugopetol (for 6
months). The highest average monthly SO2 concentration was at the Jugopetrol in February (283 µg m³), where the maximum daily concentration was also detected in January, amounting to1,038 µg m-³
(not shown in Fig.). During 2008, at the site Jugopetrol, the concentrations were above the LV for115
days, with the exception of October, when it exceeded the LV for 21 day (Fig. 2b). At the sites Town
park and Institute, the SO2 concentration was above the LV, for 94 and 25 days, respectively, which
indicates lower air pollution at these sites.

Figure 2. a) Average monthly SO2 concentrations at the measuring sites Town park, Jugopetrol
and Institute during 2008 (LV - limit value); b) Number of days above the LV
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During the first four months of 2009 (Fig. 3a), relatively higher SO2 concentrations were observed, but
the LV exceeded mainly at the site Jugopetrol (for 4 months). The highest average monthly SO2
concentration in February (200 µg m-³) and maximum daily concentration in January (1,412 µg m-³)
were detected at the Jugopetrol. A number of days above the LV was: 36 at the Town park, 83 at the
Jugopetrol and 18 days at the site Brezonik (Fig. 3b).

Figure 3. a) Average monthly SO2 concentrations at the measuring sites Town park, Jugopetrol and
Brezonik during 2009 (LV - limit value); b) Number of days above the LV

Figure 4. a) Average monthly SO2 concentrations at the measuring sites Town park, Institute,
Jugopetrol and Brezonik during 2010 (TV - tolerant value); b) Number of days above the TV

Figure 5. a) Average monthly SO2 concentrations at the measuring sites Town park, Institute,
Technical faculty, Jugopetrol and Brezonik during 2011 (TV - tolerant value); b) Number of
days above the TV
During 2010, SO2 concentrations were monitored at four sites (Fig. 4a). At the site Town park, SO2
concentration was above the LV for eight months. The highest average monthly concentration was at
the Institute in December (387 µg m-³) and maximum daily concentration was detected at the Town
park in December (2,079 µg m-³). At the Town park, the highest number of daily exceedances of TV
were observed, which is a total of 165 days, followed by the Jugopetrol and Brezonik, 71 and 69
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daysrespectively, while the least number of days above the TV were at the Institute, only 23. However,
at the site Institute, the measuring station was out of order in January, May, Jun and July, which
maybe a reason of lower level pollution at this site.
In 2011, the air quality monitoring was performed at five sites, and the results are presented in Fig. 5.
Regarding the LV, in 2011 at the sites Town park, Technical faculty and Jugopetrol there were more
than eight months in which monthly SO2 concentration exceeded the allowable value. The highest
average monthly (765 µg m-³) and maximum daily (2,565 µg m-³) SO2 concentration were detected at
the Jugopetrol in August. As can be seen from Fig. 5b, the most frequent exceedance of the TV was
observed at the Town park (164 days in total), followed by the Technical faculty and Jugopetrol (156
and 136, respectively), and the Institute with 68 days during the calendar year. The site Brezonik was
also polluted, but in smaller extent with 52 days above the TV.
4. CONCLUSION
Based on the monitoring of SO2 concentrations at the sites in Bor, air quality assessment was done.
Comparing the number of days above the daily limit value, on average 114.75 of days are above the
LV at the Town park (4-year measurements), 101.25 day at the Jugopetrol (4-year), 46.33 days at the
Brezonik (3-year) and 38.67 days are above the LV at the Institute (3-year). At the site Technical
faculty, SO2 measurements were conducted only during 2011 and there were 156 days above the LV.
In the analyzed period, the sites with the most frequent exceedance of the monthly LV were Town
park and Jugopetrol (23 months in total) and Technical faculty (11 months). At all the measuring sites,
only at the Brezonik, the average annual SO2 concentration was within the annual limit value (<50 μg
m-3)in 2009. The maximum average annual concentration was recorded at the Jugopetrol site during
2011 (365.16 μg m-3). Considering that the pollution depends on wind roses of the studied area, the
increased level of air pollution is present at the site Jugopetrol, which is located at the prevailing west
winds. Also, the endangered area is around the site Town park, since it is located 0.5 km away from
the copper smelter.
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