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Abstract: The dispersion model and assessment of air pollution by particulate matter (PM10) are developed in accordance with the 
requirements of the Bulgarian legislation and the Framework Directive 96/62 / EC on the assessment and management of air quality (AAQ). 
The input data of the model was based on an assessment of the sources of air pollution in three urban areas of Central North Bulgaria - 
Svishtov, Sevlievo and Gorna Oryahovitsa, defined as point, area and line sources of PM10. 

The results of the modeling and assessment of air pollution in the studied urban areas of Central North Bulgaria for 2007- 2010, show that 
local air pollution with PM10 from domestic heating of solid fuels is a major factor for dust pollution of air in them. 
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1. Introduction 
The use of solid and liquid fuels in industry, transport and 

household sectors is related to the separation of fine particulate 
matter (PM10) polluting ground atmosphere of the cities. 
Evaluation of the contribution of individual groups of sources in the 
formation of the overall air pollution PM10 is a key factor in 
assessing ambient air quality / AAQ / in an urban area. For such 
evaluations dispersed modeling is an integral part of the 
management of air quality. 

Made Dispersion Modelling and comparative assessment of the 
quantitative results it monitored air pollution by fine particulate 
matter (PM10) in three medium-sized urban areas of Central North 
Bulgaria - Svishtov, Sevlievo and Gorna Oryahovitsa. 

 This modeling and evaluation are made in accordance with 
Bulgarian legislation [1], [2] and European requirements [3] for air 
quality. 

The aim of the study is based on the results obtained from the 
modeling, implementation of further measures to improve air 
quality (AAQ) concerning the reduction of particulate air pollution 
in the studied urban areas and provide environmental comfort of 
their population .. 

2. Dispersion modeling of emissions of PM10 
2.1. Description of dispersion model SELMAGIS 

Assessment of the impact of different sources of PM 10 
emissions on ambient air quality in the town of (Svishtov, Sevlievo 
and Gorna Oryahovitsa) is made by dispersion modeling for two 
periods (2007 and 2010). For this purpose was used the SELMA 
GIS software of the German engineering office Ingenieurbüro 
Lohmeyer GmbH & Co. KG, Karlsruhe [4].  

Modeling results are presented in accordance with Regulation 
№ 12/2010, and meet the requirements of Section II, Annex №8 of 
the same by providing information on the share of modeled sources 
of PM 10 in the average annual concentration of PM 10 for the 
receptor points. The assessment model of pollution of (Svishtov, 
Sevlievo and Gorna Oryahovitsa) includes data for point, area and 
line sources and background contamination. SELMA GIS includes 
dispersion model AUSTAL 2000 for the distribution of air 
pollutants, developed by the German Environment Agency [5]. It is 
Windows-based software that works as anextension of the 
geographical information system (GIS) at ESRI (ArcMap). 

2.2. Input for dispersion modeling 

The input data for dispersion modeling with SELMAGIS of 
PM10 emissions in the three urban areas include the provision of 
the following data: 

- Meteorological data;  

- Emission data about point sources; 

 - Emission data about area sources. 

 - Emission data about transport; 

 - Preparation of a digital map of the area; 

 - Selection of receptor network; 

- Determination of background contamination  

2.2.1. Meteorological data 

For the purposes of this modeling, weather data for the area of 
(Svishtov, Sevlievo and Gorna Oryahovitsa), provided by the 
NIMH-BAS have been used. In statistical aspect these are file data 
in digital form for the period (2007 - 2010), containing information 
on wind speed, wind direction and the category of resistance of the 
atmosphere in the particular urban area. 

Modeling air pollution, by generating weather data in dynamic 
order, results in frequency distribution of wind speed in respect to 
direction and dispersion category, which define distribution of 
PM10 in the atmosphere of the studied area. 

2.2.2. Emission data for point sources 

These are data on emissions of air pollution in the urban areas 
(Svishtov, Sevlievo and Gorna Oryahovitsa) from industrial sources 
that contribute to the determination of air quality in terms of PM10 
air pollution. 

Data used for the dispersion modeling: 

- height and diameter of the chimney 

- Velocity of the exhaust gas 

- gas temperature 

For 2007-2010 we used data from point sources of PM10 of 
companies from our previous studies [6]. PM10 emissions from 
industry in the urban area have been calculated based on the records 
of periodic emissions measurements of atmospheric pollution and 
data from annual reports on IPPC. 
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2.2.3. Emission data for area sources 

The built-up spaces of the urbanized areas (Svishtov, Sevlievo 
and Gorna Oryahovitsa) were divided into areas of habitability, 
which were defined as area sources of air pollution with PM10. An 
estimation of the average gross consumption of fossil fuels by 
regions has been made and as well as balance calculations of 
household emissions of PM10 in the atmosphere of Sevlievo 
according to EMEP / EEA air pollutant emission inventory 
guidebook - 2009 EMEP / CORINAIR B216, NFR: 1.A.4.b.i.Small 
combustion SNAP: 020202b, Residential - Combustion plants <20 
MW. The estimated PM10 emissions from the residential sector of 
the regions were summed and defined as area sources. 

The necessary data for dispersion modeling are: 

 - Average height of the emissions of area sources – average 
height of of the exhausted emissions from household heating, based 
on the usual number of floors of the buildings in the area plus 
additional value for the height of the roof and chimney. 

 - Amount of the emissions of PM10 for the defined area 
sources. 

 For the period2007-2010 we have used data for PM10 from 
area sources [7] of our previous studies.  

2.2.4. Emission data for linear sources 

For the calculation of emissions from linear sources and 
dispersion modeling in SelmaGIS the following data about the 
intensity of traffic in the urban area is necessary: 

 - average number of vehicles that pass through a certain area 
for 24 hours. 

 - the ratio of heavy to light vehicles. 

 - trafik situation including specific emission factors of transport 
according to the ratio of heavy to light vehicles. 

The data used for the modeling of emissions from transport 
(Svishtov, Sevlievo and Gorna Oryahovitsa) was taken from our 
previous studies [8]. For the modeling purposes we have used 
official data of RHI and "Road Infrastructure" Agency – Sofia and 
from counting the traffic on city streets for 2007-2010. 

3. Results of the modeling and discussion  

Modeling process includes the following sequence:  

3.1. Preparation of a digital map of the area 

Originally, a digital map of the urban area (Svishtov, Sevlievo 
and Gorna Oryahovitsa), in WGS 1984 - UTM coordinates was 
introduced by ArcMap. 

3.2. Choice of receptor network and receptor (monitoring) 
points 

This includes defining of a receptor network of multiple fixed 
points on the digital map in which SelmaGIS calculates 
concentrations of PM10. For the modeling purposes we have 
selected a network of receptor points within a perimeter according 
to the surface of the area and unit cell dimensions 100/100 meters. 
For each receptor point SelmaGIS allows visualization of the 
calculated concentrations. The selection of the number and position 
of the receptor points in the model which will determine the air 
pollution can be fixed on the map without restrictions. In this 
particular model, for the purposes of comparative evaluation we 
have also selected one monitoring point for each urban area, 
initialized as receptor (monitoring) point. Their location was chosen 
as close as possible to the respective monitoring points (PM) in 
(Svishtov, Sevlievo and Gorna Oryahovitsa). This allows 
comparison of the calculated modeling results and the measured 
concentrations of PM10 by the respective PM. 

3.3. Entering of source data  

Three types of sources have been modeled - point, area and 
linear. Input data for the relevant sources are introduced by the 
previously prepared dBase files with parameters of the emission 
streams. 

 3.4. Calculation  

Calculation of emissions of PM10 was done with the included 
modular SelmaGIS dispersion model - Austal2000 [5], an official 
model of the German Federal Environment Agency. This is a 
mathematical three dimensional Lagrangian model for assessing the 
diffusion of atmospheric pollutants from various emission sources. 
In this particular case for the three sources, AUSTAL2000 
calculated the average annual concentration of PM10 dissipation in 
the region of (Svishtov, Sevlievo and Gorna Oryahovitsa). All 
figures are for 2007 and 2010. 

3.5. Displaying the results  

Modeling results were recorded in a format (*. DBF).  Their 
visualizing was done by the module SELMA Visualisation - 
directly into ArcMap as (* .shp) files. 

 

Fig.1. The results of modeling of PM10 AAC from all sources in 
Svishtov, 2007 

 
 

 

Fig.2. The results of modeling of PM10 AAC from all sources in 
Svishtov, 2010 
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Fig. 3. The results of modeling of PM10 AAC from all sources in Gorna 
Oryahovitsa , 2007 г. 

 
 
 
Fig. 4. The results of modeling of PM10 AAC from all sources in Gorna 
Oryahovitsa , 2010 г. 

 
 
 
Fig. 5. The results of modeling of PM10 AAC from all sources in 
Sevlievo, 2007 

 
 

 

Fig. 6. The results of modeling of PM10 AAC from all sources in 
Sevlievo, 2010 

 
 

The calculated by the model average annual concentrations of 
PM10 in the corresponding receptor (monitoring) points (MP), 
coinciding with the location of the corresponding MP in Svishtov, 
Sevlievo and Gorna Oryahovitsa are shown in tables1,2,3 . 

Table 1. Share of different sources and background for the formation 
of AAC of PM10 in Svishtov, 2007-2010 

Source 

PM 10 AAC from the 
model at a receptor point 

2007 2010 
RТ1061 RТ1061 
µg/m3 µg/m3 

1 2 3 
Point sources (Industry) 0.33 0.26 
Point sources ("TPP Svilosa" AD) 0.10 0.14 
Linear Sources (Transport) 1.33 1.26 
Area sources (household sector) 13.13 16.85 
Area sources (Public Sector) 2.34 2.00 
Background contamination 23 23 
TOTAL SOURCES 40.23 43.51 

 

Table 2. Share of each source and background for the formation of 
ACC of PM10 in Gorna Oryahovitsa, 2007-2010 

Source 

PM 10 AAC from the 
model at a receptor point 

2007 2010 
RТ1061 RТ1061 
µg/m3 µg/m3 

1 2 3 
Point sources 0.03 0.02 
Linear sources 5.5 2.1 
Area sources 16.8 18.8 
Background contamination 20.34 26.1 
TOTAL SOURCES 42.67 47.02 

 

Table 3. Share of each source and background for the formation of 
ACC of PM10 in Sevlievo, 2007-2010 

Source 

PM 10 AAC from the 
model at a receptor point 

2007 2010 
RТ1061 RТ1061 
µg/m3 µg/m3 

1 2 3 
Point sources 0.40 0.55 
Linear sources 1.62 1.63 
Area sources 8.22 7.16 
Background contamination 10.34 16.10 
TOTAL SOURCES 20.58 25.44 

The background concentration of PM10 can not be calculated 
by the dispersive model. It is set with the input of the model. The 
present model has estimated the local background levels of PM10 
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typical of the respective region (Svishtov, Sevlievo and Gorna 
Oryahovitsa) for 2007-2010. The average annual background 
concentrations set in the model were determined using the method 
of objective evaluation and extrapolation of data from the 
monitoring of PM10 PM (Svishtov, Sevlievo and Gorna 
Oryahovitsa) for 2007-2010. 

The quantitative results of the modeling of the main sources of 
emissions of PM10 in ambient air of the cities of Svishtov, Sevlievo 
and Gorna Oryahovitsa for 2007-2010, confirmed that emissions of 
PM10 from domestic heating are a major contributor to pollution 
levels in the ambient air in these areas. 

3.6. Deviation of modeling results. 

A comparison between the calculated results of the dispersion 
modeling with SELMA GIS and the measured annual average 
concentrations (AAC) of PM10 in the respective monitoring point 
(MP) for the 2007-2010 was done for receptor points (RP) closest to 
the MP in Svishtov, Sevlievo and Gorna Oryahovitsa. 

 
Table 4. Deviation of the results of dispersion modeling of PM10 in 
Svishtov 

Година 
Year  
 

Изчислена СГК 
SELMA GIS  
Net SGK 
SELMA GIS 

Измерена 
СГК 
measured 
SGK 
 

Неопределеност 
в % спрямо 
СГН=40 μg/m3 

Deviation in% 
compared to  
NV=40 μg/m3 

рецепторна 
точка 
receptor 
point 

μm/m3 μm/m3 % 

2007 РТ1061 40.23 45 11.9 
2010 РТ1061 43.51 47.6 10.2 

 
Table 5. Deviation of the results of dispersion modeling of PM10 of 
PM10 in Gorna Oryahovitsa   

Година 

Изчислена СГК 
SELMA GIS 

Измерена 
СГК 

Неопределеност 
в % спрямо 
СГН=40 μg/m3 

рецепторна 
точка μm/m3 μm/m3 % 

2007 РТ862 42.67 55.67 32.5 
2010 РТ862 47.02 52.12 12.7 

 
Table 6. Deviation of the results of dispersion modeling of PM10 in 
Sevlievo 

Година 

Изчислена СГК 
SELMA GIS 

Измерена 
СГК 

Неопределеност 
в % спрямо 
СГН=40 μg/m3 

рецепторна 
точка μm/m3 μm/m3 % 

2007 РТ1525 20.58 18.1 6.2 
2010 РТ1525 25.44 18.1 18.35 

 
Pursuant to the requirements of Section I, Table. 16 Annex № 8 

of Ordinance № 12/2010 on the results of dispersion modeling of 
PM10 a legal requirement was placed for data quality for no more 

than 50% deviation from average annual values. The deviation of 
the modeling was calculated as the difference between the measured 
and calculated level of PM10 at the monitoring stations for the 
period compared to the average annual rate (AAR) - 40 μg / m3 for 
PM10. 

The deviation of modeling results for 2007 and 2010 was 
calculated based on measurements in the PM (Svishtov, Sevlievo 
and Gorna Oryahovitsa), whereat a deviation of 6.2 to 32.5% was 
achieved in relation to AAR = 40 μg / m3. 

The present modeling of the average annual concentrations of 
PM10 in Svishtov, Sevlievo and Gorna Oryahovitsa for 2007 and 
2010 meets the legal requirement for deviation and show the 
expected trend of the contribution of the sources of pollution to 
overall air pollution by PM10 in the cities of Svishtov, Sevlievo and 
Gorna Oryahovitsa. 

 

4. Conclusion 

Modeling results show that: 

- PM10 emissions from domestic heating in 2007-2010 have the 
largest contribution to air pollution in urban areas in Central North 
Bulgaria (Svishtov, Sevlievo and Gorna Oryahovitsa); 

- The contribution of point and linear sources of PM10 air 
pollution in Svishtov, Sevlievo and Gorna Oryahovitsa is below 
10%. 
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