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Introduction 

Air pollution in big cities is the result of numerous 

natural and anthropogenic emissions. These air pollutants 

have a significant impact on the biosphere, human health 

and the natural and built environment. Among the 

pollutants, particulate matter (PM) has the greatest impact 

on human health, primarily on the respiratory and 

circulatory systems. The risk of health damage increases 

with the degree of pollution and there is currently no 

known threshold concentration at which the adverse health 

effects of PM should not be expected. As a result, the 

identification of sources of particulate matter has become 

an increasingly urgent issue, since this knowledge is 

essential for the development of effective mitigation 

strategies. 

 

Objectives 

The objective of my PhD work was to identify and 

characterize aerosol sources in populated areas. The aim 

of the comparative study on the aerosol pollution in 

Budapest and Debrecen was to determine the aerosol 

concentration and its elemental composition, identify the 

pollution sources and study their dependence on 

meteorological conditions and anthropogenic activities. 

Another aim of the present work was to introduce an 

analytical technique which allows to investigate the 

chemical forms of the particles in thin aerosol samples. 

Finally, the short- and long-term and -distance effects of 

large-scale construction projects - such as the building of 

a new tram line in Debrecen - on the air quality of a city 

were also studied. 
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Applied methods 

PM2.5 and PMcoarse aerosol samples were collected at 

the urban background sampling station located in the yard 

of the Institute for Nuclear Research in Debrecen, and at 

the automatic air quality monitoring station in Gilice 

square in the XIII district of Budapest. The sampling 

campaigns were performed by using Ghent-type two-stage 

samplers.  

Alongside the construction of the new tram line 

aerosol samples were collected using a Nuclepore two-

stage sampler connected to a Buck Elite portable 

diaphragm pump. 

The mass concentration of the aerosol samples was 

determined by gravimetry while the elemental 

composition was measured by particle-induced X-ray 

emission (PIXE) analytical method. The PIXE method is 

a widely used analytical technique for determining the 

elemental composition of atmospheric aerosols. Main 

advantages of the PIXE technique are that it is 

nondestructive, no sample preparation is required, a small 

amount of material is sufficient for the analysis, and trace 

elements can be determined over a wide range of atomic 

numbers simultaneously. Another advantageous feature of 

PIXE that it can be applied simultaneously with 

complementary ion beam analytical techniques allowing a 

complex characterization of the samples. The PIXE 

measurements were carried out at the macro-PIXE 

chamber installed on the left 45o beamline of the 5MV 

VdG accelerator of Atomki.  

By employing the PIXE technique with wave-length 

dispersive X-ray (WDX) spectroscopy it is possible to 

increase the energy resolution, which enables the chemical 
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speciation of elements. High resolution (HR) PIXE was 

used to determine the chemical form of the chlorine in fine 

aerosol samples collected on filters during the winter 

campaign in Budapest. The HR-PIXE measurements were 

performed at the Microanalytical Center of the Jozef 

Stefan Institute in Ljubljana, Slovenia.  

Source apportionment was done by using the positive 

matrix factorization (PMF) receptor model developed by 

US EPA.  
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New scientific results 

The results of my PhD work is summarized in the 

following thesis points: 

 

1. Comparative study of aerosol pollution in Budapest 

and Debrecen 

In this thesis point the results obtained by the analysis 

of atmospheric aerosol samples collected between 

December 8, 2009 and March 18, 2010 are presented. 

 

1.1 In the investigated period (winter 2009-2010) the 

average PM2.5 concentrations were 22 g/m3 and 17 g/m3 

in Budapest and Debrecen, respectively. In the case of 

PM10 the mean concentration was 32 g/m3 in Budapest 

and 23 g/m3 in Debrecen. The concentration of the coarse 

fraction decreased significantly over the weekends 

compared to working days. The rate of the decrease was 

larger in Budapest. For PM2.5, there was no significant 

difference between the days of the week. 

 

1.2 The daily concentration of PM10 exceeded the 24-

h AQ limit value (50 g/m3) 7 times in Budapest and 1 

time in Debrecen. In case of the PM2.5 fraction the number 

of exceedances of the WHO recommended 24-h limit 

value (25 g/m3) were 34 in Budapest and 18 in Debrecen. 

At the time of the exceedances the daily average 

temperature was always below freezing. 
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1.3 I found that the coarse fraction was dominated by 

elements of natural origin (Al, Si Ca, Ti, Mn, Fe, Ba) and 

chlorine while the fine fraction was dominated by 

elements of anthropogenic origin (S, K, Cu, Zn, Pb). The 

concentrations of S and K were similar in the two cities, 

while the concentrations of elements related to were 2-3 

times higher in Budapest. I showed that the episodic 

appearances of Cl could be related to snowfalls. 

 

1.4 Using PMF analysis, the following sources were 

identified in the coarse fraction in Budapest: soil, traffic, 

road dust, sulphate and de-icing of roads (Cl). In Debrecen 

two types of soil (quicksand and loess), traffic, sulphate 

and the de-icing of roads (Cl) were recognized in the 

coarse mode. Sources identified in the fine fraction were 

soil, traffic, biomass burning, sulphate and a Cl-rich 

source in Budapest and biomass burning, traffic, sulphate, 

the Cl-rich source, road dust and two types of soil in 

Debrecen. 

 

1.5 The contribution of sulphate originating from 

regional transport was the same in the two cities, while the 

contribution of sources related to traffic was higher in 

Budapest. On days when the PM2.5 concentration 

exceeded 25 g/m3 recommended AQ limit value the 

contribution of sulphate, domestic heating and traffic 

increased compared to the average, while on weekends 

and holidays the contribution of soil and traffic decreased. 
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2. Chemical speciation of chlorine in aerosol samples  

Chlorine is an important component of atmospheric 

particles. The knowledge of its concentration and its 

chemical form is of primary importance in determining 

sources and estimating health effects. In this thesis point 

the results obtained in the chemical speciation of fine 

fraction chlorine is presented. 

 

2.1 High-resolution (HR) wavelength dispersive PIXE 

method was used to determine the chemical form of 

chlorine in aerosol samples. The oxidation state of 

chlorine was found to be -1, as expected, by examining the 

chlorine Kα spectra of various reference compounds as 

well as several aerosol samples. The high-resolution (HR) 

wavelength dispersive PIXE method was found to be 

suitable for the characterization of the chemical form of 

chlorine in thin aerosol samples through high-energy-

resolution analysis of the chlorine K X-ray line. 

 

2.2 I showed that chlorine was present in the form of 

NaCl in aerosol samples from the Budapest campaign by 

comparing the Kβ HR-PIXE spectra of chlorine in the fine 

fraction aerosol samples and the Cl Kβ spectra of reference 

compounds.  
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3. Impact of the construction of a new tramway on the 

air quality of Debrecen 

The results of the study on the impact of the 

construction of tram line 2 on the air quality of the city of 

Debrecen is summarized under this thesis point. 

 

3.1 I have shown that larger-scale constructions such 

as the construction of a new tramway has only a local 

effect on the level of aerosol pollution in a city. The excess 

aerosol pollution caused by the construction was only 

local, did not expand to the whole city, only to about few 

streets nearby. However, individuals who lived or worked 

next to the construction were exposed to significantly 

increased PM2.5 and PM10 levels with high heavy metal 

contents continuously during the construction period. 

 

3.2 In the immediate environment of the construction 

site PM10 concentrations were 10–20 times higher than in 

the nearby urban background areas, and in some cases 

increased heavy metal concentrations were also measured. 

 

3.3 Monthly and seasonal trends changed during the 

construction at the nearby urban background monitoring 

station. In the case of the PM2.5 fraction winter maxima 

and summer minima were observed in the studied period 

(2006-2019). In the time of the construction work (2012-

2013) high concentration levels were measured 

throughout the year with summer maxima. In the coarse 

fraction (PMcoarse) the usual spring and autumn maxima 

were formed, only in higher concentrations. However, 

there was no significant change in the elemental 

composition. The concentration of Fe, Mn, Ni and Cr 



8 
 

elements increased considerably during the construction. 

From the distribution according to the local wind direction 

and wind speed I concluded that the increase in the 

concentration of these elements could be attributed to the 

construction of the tramline. 
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