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Abstract

Continuous measurement and analysis of black carbon concentrations in ambient air during a two-year period in Sarajevo
and Zenica valleys was performed. The central apparatus for this analysis consists of two AE33 aethalometers, which
work on optical principles of the attenuation of light by black carbon deposits on filter tape at seven different wavelengths.
Measuring solely black carbon concentration would be performed at one wavelength, but expanding the measurements at
seven different wavelengths provides an extensive analysis of dependence of attenuation on the wavelength of light. This
enables the derivation of the Angstrom exponent, whose values differentiate the origin of black carbon from biomass
burning (wood and coal) from liquid fossil fuel (such as diesel oil). This is the first analysis of this type performed
simultaneously in Sarajevo and Zenica valley under strong air pollution episodes.
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1. Introduction

Black carbon (BC) is a component of air pollution that originates from incomplete combustion of fossil fuels (FF) and
biomass burning (BB). It is argued that BC is the second largest anthropogenic climate change factor [1], [2] (carbon
dioxide being first). The negative health effects of black carbon are well documented [3], [4]. Previous research articles
include Evaluation with a photoacoustic instrument [5], method comparisons [6], vertical profiles over Milan [7], diesel
exhaust [8], wood combustion particles [9], emissions from fresh biomass burning [10], and source apportionment [11].
Western Balkans countries are highly affected by air pollution and BC pollution. Those countries that are not members
of the European Union may have missing regulations on BC and air pollution and sparse and incomplete monitoring.
Bosnia and Herzegovina is a good example: it has strong air pollution due to several factors, some of which are natural,
while others are anthropogenic. Sarajevo, the capital of Bosnia and Herzegovina, is well known for air pollution caused
by the burning of FF and BM and unfavourable microclimate (temperature inversions in winter time), while the city of
Zenica has a steel foundry in the city centre and has been a synonym for air pollution for decades.
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This research is advanced measurement and analysis of long-term campaigns in Sarajevo and Zenica simultaneously,
which is a very valuable asset in an attempt to understand and solve the air pollution problem in Bosnia and Herzegovina.

2. Experimental setup

Black carbon has the ability to absorb solar radiation (almost the entire spectrum). This property enables the
construction of optical-based devices, called aethalometers, for the measurement of BC concentrations. We have used
AE33 aethalometers from Aerosol Magee Scientific (Berkeley, California, United States of America). At the beginning
of the air sampling line, the inlet cyclone separates particles greater than 2.5 um in diameter. BC particles are collected
on filter tape, and the light absorption method is used to calculate BC concentration at 880 nm wavelength, as described
in our previous work [12]. The black carbon facility is one component of a larger project of our research group, where
different aspects of air pollution are observed and compared, including toxic gases [13], [14], and particulate matter [15]-
[21]. We have used this technique previously [22], but this time, a new location is included: the city of Zenica. Figure 1
shows two measurement locations: one in Sarajevo (Faculty of Mechanical Engineering, N 43° 51' 15", E 18° 23' 46")
and one in Zenica (Radakovo, N 44° 11' 43", E 17° 55' 55").

Although the BC is measured at the wavelength 880 nm, our measurements were performed at 7 different wavelengths:
370, 470, 520, 590, 660, 880, and 950 nm. The reason for this is the following: if we have measurements at multiple
wavelengths, we can deduce the Angstrom exponent, which is the coefficient of (logarithmic) dependence of optical
attenuation on the wavelength of light. It is possible then to deduce biomass burning (BB) as a percentage of total BC.
This technique can be used for source apportionment since it distinguishes solid from liquid fuels as the source of BC.
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Fig. 1. Locations of measurements
3. Results
The measurements were performed in Sarajevo and Zenica simultaneously in 2023 and 2024 (up to 07/0CT/2024). A

rigorous quality assurance (QA) procedure was implemented: all measurements are checked against multiple criteria (flow
rate ratio, optical performance, etc.), and only those with near-perfect status are kept.
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That is the reason why we have some gaps in data, but the quality of such data is the highest possible. Figure 2 shows
measurements in Sarajevo. Hourly and daily average values are plotted. The average value of BC concentration was 2.943
ug/m3. It is observable from Figure 2 that the highest peaks are in winter months, namely in December, where we have
measured the highest value of daily average BC concentration of 35.212 ug/m?.

Sarajevo BC concentration

Hourly average Daily average

Fig. 2. BC concentration in Sarajevo
Figure 3 shows the BB percentage during the same period. While BB is above 50% during the winter, it drops to less than

20% during the summertime. This clearly indicates the primary source of air pollution in Sarajevo: burning solid fuels
such as wood and coal for domestic heating! The average BB during the entire period was 27.48%.

Sarajevo, BB (%)

Hourly average Daily average
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Fig. 3. BB percentage in Sarajevo
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Measurements in Zenica are shown in Figure 4. The average value of BC concentration was 2.064 pg/m3, while the
highest measured daily average value was 11.971 ug/m3. BB percentage was around 20% during the summer and around
60% during the winter. A similar conclusion about sources remains: the primary source of BC during the winter is the
burning of solid fuels. The average BB during the entire period was 36.15%. Interesting comparisons could be drawn.
While there was a greater BC concentration in Sarajevo than in Zenica, the BB percentage was lower in Sarajevo than in
Zenica. Since BB is one of the main sources of BC [23], it follows that BC concentration captured in Sarajevo comes
from other sources, not just BB. Zenica valley is known for its industrial sites, which would explain the difference in BB
percentage in Sarajevo and Zenica. This needs further analysis and clarification.
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Fig. 4. BB percentage in Sarajevo
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Fig. 5. BB percentage in Sarajevo
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4. Conclusions

The long-term BC measurement and analysis campaign in Sarajevo and Zenica was performed using two AE33
aethalometers. The results are auspicious and very promising: it is possible to distinguish now the primary source of black
carbon (and consequently the air pollution) using the Angstrom exponent, which is calculated from measurements of 7
different wavelengths of light. A very similar pattern is observed in Sarajevo and Zenica: BB drops to about 20% during
the summer and rises above 50% during the winter. Average concentrations of BC were high, particularly during the
winter. This research should continue in the future. Every new winter season is of particular interest. Comparison with
EU member states would be indicative as well.
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