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EXECUTIVE SUMMARY

The Swedish Environmental Protection Agency (SWEPA) conducted a source apportionment
study in Bosnia and Herzegoviagether with the Swedish Meteorological and

Hydrological Institute (SMHI) and the Institute for Public Health (IPH) in Belgrade as part of
the IMPAQ project, which was funded by the Swedish Agency for International

Development (Sida). This study was caetdd over the course of two years (202022)

and included several methodological approaches.

Methodology

The purpose of a source apportionment study is to identify sources of air pollution. This
particularsource apportionment study was conducted usimghoair quality measurements
and emissions inventory data. In a measuremieased source apportionment study,
particulate matter (PM) samples are taken from ambient air and undergo chemical analysis
Computermodellingis then performedo attribute the paticulate matter to specific

emission sources. This type of study waaductedin Sarajevo, Tuzla, Zenica, Banja Luka,
Bijeljina and Brod during the winter of 202021 and again in Sarajevo and Banja Luka
during the winter of 2022022.Receptor modelling with positive matrix factorization was
used to determine the source apportionment.

An additional source apportionment analysis was conducted for Sarajevo and Banja Luka
using emission datahis studyalso looked at how pollutants moveithin defined

geographic areas around these two citiysusing the MATCH model.

weather + geography sources according
to dispersion:

= % n”[l[l

f Dispersion model 0:9
!

Receptor model

sources influence
' [N |‘%| —_— at sampling point
= — = D
&5 ) sources according @
50 % to sampling

in-situ daily sampling + chemical analysis

p

sources of pollutants
) @8

Figurel: Source apportionment methodologies: Dispersion model versus Receptor model
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Results

Positive matrix factorization with receptomodelling

The results of the winter 2022021 measurement campaign suggest that around 25% of
PM2.5 pollution is emitted from wood and pellet burning, which are used for heating
purposes. Furthermore, 20% of PM2.5 could be attributed to fossicfuabustion
including coal burning and vehicle engines. The portion of backgroulwhgrange
transport aerosols represented more than 25% of the total PM2.5.

FOSSIL FUEL

INCLUDING COAL
WOOD AND PELLET

BURNING AND
BURNING VEHICLE ENGINES

PORTION OF

BACKGROUND OR
LONG-RANGE
TRANSPORT
AEROSOLS

The results were then further investigated using local meteorological data, which in some
casedncreased the understanding of where and when different pollution sources originate

from.

Secondary

Sulphate 9% 18% 5%
aerosols

Secondary

nitrate 24%* 8% 24%
aerosols

Biomass

burning

Fossil fuel

burning

and traffic

Soil dust

19%

23% 2% 6%

Other 2195%%*

16% 23%* 21%

14% 10% 14%
23% 20%
8% 13% 6%
12% 5%

Tablel: Source apportionment 202802 1based on receptor modelling

*including coal burning
** 20% of this is explained by a potassium ricturce and 5% by industry
***Heavy oil primary sulfate




Source apportionment with receptor and MATCH modelling in Bosnia and Hercegovina

The winter 20212022 round of receptor modelling for Sarajevo mainly confirmed the
results of the 2022021 round of measurements and provided more detailed information
regarding traffic andiousehold burningHowever, the level of particle pollution resulting
from traffic exhaust was higher in the second round of measurements than it was in the
first round of measurementskor Banja Luk@he second round of results showed higher
levels of @rticle pollution resulting fronmon-combustion sources. These are not entirely
explained and require further investigation

Sarajevo

Soil dust Fossil burning
(traffic)

Industry

Aged sea salt

Secondary sulfate

Secondary nitrate

Fossil

. Biomass
burning (coal)

burning

Banja Luka

Biomass burning
Fossil burning (traffic) & coal burning

Potassium rich

Chloride
rich

Industry

Secondary

Aged sea salt nitrate
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Source Banja Luka Sarajevo
Fossil burning (traffic) 0% 300
Biomass burning 35%* 6%
Fossil burning (coal) See biomass buming 143
Secondary nitrate 18% 10%
Secondary sulfate [
Aged sea salt 13%5** 6%
Industry 6% 3o
Soil dust See aged sea salt 2
Chloride rich 14%

Potassium rich 3%

Table2: Source apportionmerz021-2022based on receptor modelling

*including coal burning
**including soil dust

Some of the differences in the results from the 2@221 campaign versus the 202022
campaign can be explained by variations in levels of air pollutants from oneoytee t
next. The chemical analysis that was done to the filters in the 2022 campaign was able
to disaggregate sources more accurately than the chemical analysis from the first
measurement campaign, which led to more nuanced results.

MATCH model

The source apportionment analysis based on emissions inventories suggests that the

0N yaLR2 NI aSOi2NJ R2YAYIFGSR GKS bhi fS@Stax
LI NLAOES tS@Stad ¢KAA ¢l & LI NByldicAy o620GK
heating contributed to a large proportion of the pollution, but a large proportion of the

modelled concentrations also originated from the other sectors, mainly industry. For

particles, the waste and agriculture sectors also contributed significandynission totals.
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= I = T
Public Power 639.7 396.7

Other Stationary Combustion 3263 617.1

Industrial combustion & 89 6 4318 160.6
processes®

Fugitives* 0 0 83.7 9.6
Solvents* 0 0 0 0
Transporst 22 1418.8 1163.4
Other mobile sources* 0 0 0 0
Waste* 102.5 6.1 3253 304.4
Agriculture* 0 0 38.1 8.4

Table3: Total emissions (tonnes/year) of the main air pollutants for the Sarajevo model
domain from local emission data set together with the CAMS regional emissions database

(*).
Public Power 614
Other Stationary Combustion 89.7
Industrial combustion & 8.1 49
processes™
Fugitives™ 0 0
Solvents* 0 0
Transporst L5
Other mobile sources® 0 0
Waste* 47.6 2.9
Agriculture® 0.5 0.1

181.1

76.4

181.1

0

2923

125.6

70.4

78

0

141.3

23.4

Table4: Total emissions (tonnes/year) of the main air pollutants for the Banja Luka model
domain from local emission data set together with the CAMS regional emissions database

(*)-
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Comparison of the results

It is useful to analyze source apportionment using both PM measurements and emissions
inventories as a way of verifying and triangulating the results of the respective studies.

Source apportionment through PMF receptor modelling is a reconstructioreahtbst

likely types of sources that influence the air quality experienced at the place where the
sampling was made, and during the time when measurements were taken at that location.
The result is an apportionment of type of sources and their tiragation along the
measurement period.

Source apportionment through MATCH dispersioodelling is the result of a
reconstruction of the dispersion and atmospheric chemical reactions of the pollutants
emitted from the sources previously inventoriethe result i map of the potential
contribution to pollution levels of each type of source inventoried. The source
apportionment is also shown as a time series for a specific location throughout the
modelled period. This analysis provides information about the vanaif source
contributions on adayto-daybasis throughout the year.

A comparison of the apportionment conducted through the two different methods has
been conducted for the period of the 16th of November to the 10th of dhat the
following locations:
i Sarajevo, in the garden of the FHMZ at Bjelave
T .Ftyal [dzl 2 ySEG G2 GKS wla® ! ANJ vdz £ A
the IMPAQ project
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Sarajevo Sarajevo
PM2.5 MATCH dispersion 2018 PM2.5 PMF receptor 2021-2022

Other and Secondary aerosols (2)
background + soil + aged sea salt

Transport
(on-road traffic)

Fossil burning
(traffic)

Other Stationary b
Combustion
(individual domestic
heating sources)

Biomass + fossil

burning (coal) Industry

Figure2: Comparison of dispersion versaseptor modelling

The comparison confirms that the contribution of traffic in the MATCH dispersion model is
underestimated when compad with the results of the PMF receptor model. This
underestimation happens in both Sarajevo and in Banja Luka and ieadhetor 3 for the
PM2.5 during winter months. This means better trafitated emissions inventories need

to be compiled in relation to traffitow and the quality of the fleet of vehicles.

For Sarajevo, there sstrafficunderestimation evenithout the contribution of the two
YFE22N 20KSNJ INRdzL) 2F &a2dz2NDODSad 1 26SOSNE (GKS
YR G20KSNJ YR o6 O1l3INRBdzyRé FNRBY GKS al ¢/ |
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