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1. Introduction, aims 

 

The aim of my study was the chemical characterization of the PM10 urban aerosol fraction. In 

the course of my studies urban aerosol samples collected in Budapest and Wuhan and urine 

samples collected in Budapest and Vienna were analyzed.  

My goals included the determination of the total and water soluble concentration of 23 trace 

element – in particular the platinum – and the latter’s determination in the urine of tram 

drivers, as well as the characterization of the organic compounds found in significant amount 

in urban aerosols – in particular the determination of polycyclic aromatic hydrocarbons.  

Numerous studies can be found in the literature related to urban aerosol research. In case of 

Budapest in accordance with the sampling site, particularly the traffic related air pollutants 

could be observed. The increasing traffic and the rapidly spreading number of catalyst 

equipped vehicles caused the significant increase in platinum and organic aerosol 

concentration and that is why I consider very important the investigation of the PM10 urban 

aerosol fraction. 
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2. Experimental 

 

The aerosol samples were collected in Széna-square (Budapest) on quartz fiber filters, with a 

high volume sampler. The sampling lasted for three years on a monthly basis. For the 

determination of the „total” trace element concentration Inductively Coupled Plasma Mass 

Spectrometry (ICP-MS) was used following a microwave assisted aqua regia digestion. To 

study the biological availability of the trace elements sonication assisted water extraction was 

used, the obtained solutions also were analyzed by ICP-MS technique. The total inorganic 

carbon and total organic carbon concentrations were determined using a carbon analyzer. The 

polycyclic aromatic hydrocarbons and extractable petroleum hydrocarbons were determined 

after a solid phase extraction stage using gas chromatography with mass selective detection 

(GC-MS) and gas chromatography with flame ionization detection (GC-FID), respectively. 

The urine samples were analyzed using ICP-MS following a conventional nitric acid – 

hydrogen-peroxide digestion. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



4 
 

3. Novel scientific results, summary 

 

1. Microwave assisted aqua regia digestion- and sonication assisted water extraction method 

were optimized for inductively coupled plasma – mass spectrometry analysis of trace 

elements from urban aerosols collected on quartz fiber filter. Sonication assisted water 

extraction method was optimized for water soluble organic carbon (WSOC) determination 

from aerosol. 

 

2. 23 trace element, total organic carbon (TOC), water soluble organic carbon (WSOC), 

polycyclic aromatic hydrocarbon (PAH) and extractable petroleum hydrocarbon (EPH) 

contributions to the PM10 urban aerosol mass was determined. The trace elements correspond 

up to 5% and the organic matter corresponds up to 55-70% of the aerosol mass. On the basis 

of biological availability the water soluble trace element and water soluble organic matter 

contribution to total aerosol mass is 0,5% and 14-18%, respectively.  The extractable 

petroleum hydrocarbons and the highly toxic polycyclic petroleum hydrocarbons contribution 

to the aerosol mass is 4% and 0,01% respectively. 

  

3. Among the examined trace elements which dispose of health criteria guideline values, none 

exceeded the limit concentration during the sampling period. Only the cadmium concentration 

approached the guideline value, the other trace element concentrations were far below the 

designated concentrations. Among the polycyclic aromatic hydrocarbons health criteria 

guideline values (daily and yearly) only for benzo[a]pyrene were determined. The benzo[a] 

pyrene concentration exceeded the daily limit concentration only once in November 2006, but 

the yearly limit concentration was exceeded in each of the three sampling years. 

 

4. In the PM10 aerosol fraction in Budapest the thallium and the zinc were found to be the 

most water soluble elements (70-100%), however the water soluble fraction was also very 

significant (30-50%) in the case of Mn, Cu, Sr, Sb, Rb, V and Cd. These elements could be 

considered as biologically accessible. Apart from the water solubility the total concentration 

also needs to be taken into account. The highly toxic thallium occurs in easily accessible 

form, but with an average yearly concentration of only 0,1 ng/m3, which is almost negligible.  

On the other hand the concentration of cadmium is near to the health limit value and this 

element has a great mobility, which constitutes danger to the population exposed to the urban 

aerosol. 
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 5. After comparison of the data obtained from the aqua regia digestion and water extraction, 

it could be stated that in the case of many elements the highest concentrations weren’t 

measured in the same season. It can be concluded that the soluble fraction varies during the 

year, so the chemical form of the elements also must change. 

 

6. According to the results obtained from the enrichment factor method, the elements that 

certainly have anthropogenic origin are the Sb, Sn, Cd, Te, Ag, Pb, Mo, Bi, Pt, Zn, Cu and Tl. 

With the help of chemometric factor analysis the trace elements could be ordered to transport 

related origin and to other sources. Among the elements with high enrichment factors, the 

following ones could be considered as traffic related elements: Mo, Pb, Sb and Cd. The 

platinum belongs to a separate group, since its the main source is the degradation of the 

catalysts, so its source could be identified clearly, in a well distinguished way from the other 

trace elements. In the case of Sn, Bi and Zn the main source is not related to traffic, although 

one of the zinc major sources is tyre wear. Based on the results obtained from the factor 

analysis the copper could be characterized with having more than one source, besides of the 

motor vehicle traffic, the wear of the tram wire situated near the sampling station needs to be 

taken into consideration. In the case of Ag, Te and Tl the factor analysis could not be carried 

out, because in several cases their concentration was below the detection limit.  

 

7. The platinum concentration in the tram drivers’ urine samples was three to four times 

higher compared to the results obtained from samples of city residents from Budapest and 

Vienna, in an investigation performed by the Analytical Department previously. The median 

of the results from Budapest was again about 2,6-fold higher than that of Vienna. It is 

assumed that the reason for this is the same as before, the higher ratio of new cars and new 

automobile catalysts in Vienna. Moreover, it has been published that the Pt concentration in 

the airborne dust is significantly higher in Budapest.  

 

8. According to the measurements significant seasonal correlations could be observed in the 

case of the total organic carbon content and particle-bounded polycyclic aromatic 

hydrocarbon concentration. The factor analysis clearly showed that the concentration of the 

PAHs, such as semi volatile organic compounds, is significantly influenced by the ambient 

temperature and solar radiation. Using diagnostic PAH ratios have proved that the major 

source of organic compounds in the aerosol of Budapest during the study period was fossil 

fuel combustion from automobiles, mainly from diesel-powered motor vehicles. 
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9. Based on the trace element, organic carbon and polycyclic aromatic hydrocarbon 

concentrations measured from September 2004 to August 2007 in aerosol samples collected 

in Széna-square, Budapest, the air pollution could be considered on par with other cities in 

Europe, and the average measured concentrations were about eight times smaller than the 

concentrations measured in Wuhan, China. 
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4. Publications, lecture, posters (basis of theses) 

 

1. Publications: 

 

[1] Mihály Óvári, Gábor Muránszky, Michaela Zeiner, István Virág, Ilse Steffan, Victor G. 

Mihucz, Enikő Tatár, Sergio Caroli and Gyula Záray 

„Determination of Pt in urine of tram drivers by sector field inductively coupled 

plasma mass spectrometry” 

Microchemical Journal, 87, 159-162 (2007) 

[2] Gábor Muránszky; Wei-wei Lv; Mihály Óvári; Jun Yao; Shi-hua Qi; Yasemin 

Bakircioğlu; Gyula Záray                                                                                 

„Elemental analysis of urban aerosols collected in Budapest (Hungary) and Wuhan 

(China)”  

Toxicological & Environmental Chemistry, 92 (3), 421-428 (2010) 

 

[3] Gábor Muránszky, Mihály Óvári, István Virág, Peter Csiba, Roland Dobai, Gyula 

Záray 

„Chemical characterization of PM10 fractions of urban aerosol” 

Microchemical Journal, 98, 1–10 (2011) 
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2. Lectures, posters 

 

[1]  G. Muránszky, M. Óvári, gy. Záray 

“Inductively Coupled Plasma-Sector Field Mass Spectrometric Determination of Trace 

Elements in the PM10 Airborne Dust Fraction” (poster) 

XII. Hungarian-Italian Symposium on Spectrochemistry: Environmental Pollution and 

Human Health, October 23-27, 2005, Pécs 

 

[2] Muránszky Gábor, Óvári Mihály, Záray Gyula 

„Characterization of PM10 fractions of Urban Aerosol Collected in Budapest” 

(lecture) 

VIII. Hungarian Aerosol Conference, May 25-26, 2006, Siófok 

  

[3] G. Muránszky, M. Óvári, I. Virág, Gy. Záray 

 „Characterization of PM10 fractions of Urban Aerosol” (poster) 

  34th International Symposium on Environmental Analytical Chemistry, 

June, 4-8, 2006, Hamburg, Germany  

 

[4] Muránszky Gábor, Óvári Mihály, Záray Gyula 

  „Characterization of PM10 fractions of Urban Aerosol Collected in Budapest” 

(lecture) 

Centennial Chemist Conference, May 29 – June 1, 2007, Sopron 

  

[5] G. Muranszky, W. W. Lv, M. Ovari, J. Yao, S. H. Qi, Gy. Zaray 

“Chemical Characterization of Urban Aerosols Collected in Budapest and Wuhan” 

(lecture) 

1st Sino-Hungarian Workshop on Toxic Substances in the environment, 

September 20-22, 2007, Wuhan, Peoples Republic of China 

 

[6] G. Muranszky, W. W. Lv, M. Ovari, J. Yao, S. H. Qi, Gy. Zaray 

  „Chemical Characterization of Urban Aerosols Collected in Budapest and Wuhan” 

(lecture) 

35th Colloquium Spectroscopicum Internationale 

September 23-27, 2007, Xiamen, Peoples Republic of China 
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[7] G. Muránszky, M. Óvári, I. Virág, Gy. Záray  

“Elemental analysis of PM10 fractions of urban aerosol collected in Budapest between 

2004 and 2007” (poster) 

XIII. Italian-Hungarian Symposium on Spectrochemistry: Environmental 

Contamination and Food Safety, April 20-24, 2008, Bologna, Italy 

 

[8] M. Óvári, G. Muránszky, P. Smichowski, Gy. Záray  

“Comparisonof the trace element concentration in airborne dust between Budapest and 

the region of Buenos Aires” (lecture) 

XIII. Italian-Hungarian Symposium on Spectrochemistry: Environmental 

Contamination and Food Safety, April 20-24, 2008, Bologna, Italy 

 

[9] G. Muránszky, P. Csiba, R. Dobai, M. Óvári, Gy. Záray 

„Characterization of organic compounds in PM10 fractions of urban aerosol samples 

collected in Budapest (Hungary) between 2004 and 2007” (poster) 

36th Colloquium Spectroscopicum Internationale, 

August 30 - September 3, 2009, Budapest 

 

[10] Muránszky Gábor, Csiba Péter, Dobai Roland, Óvári Mihály és Záray Gyula 

„Characterization of organic compounds in PM10 fractions of urban aerosol samples 

collected in Budapest (Hungary) between 2004 and 2007” (lecture) 

Chemist Conference and 53th. Hungarian Spectrochemical Conference, 

June 30 - July 2, 2010, Hajdúszoboszló 

 

[11]  Muránszky Gábor, Csiba Péter, Dobai Roland, Óvári Mihály és Záray Gyula 

„Characterization of organic compounds in PM10 fractions of urban aerosol samples 

collected in Budapest (Hungary)” (lecture) 

The Seventh Edition of the Carpathian Basin Conference on Environmental Science, 

March 24 - 27, 2011, Kolozsvár, Romania 


