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Abstract: The aim of this study was to assess the ambient concentrations of polycyclic 
aromatic hydrocarbons (PAHs) associated to the PM10 aerosol fraction in 
an urban site of Győr, Hungary in 2011. The levels of total PAHs and the 
individual compounds show large variability during the sampling periods. 
The total PAH concentrations ranged from 0.88 ng/m3 to 95.80 ng/m3 with 
the mean value of 20.06 ng/m3. Four and five-rings PAHs were the dominant 
species in the samples. The levels of carcinogenic PAH species 
(benzo[a]pyrene, benz[a]anthracene, sum of the three benzofluoranthene 
isomers, indeno[1,2,3-c,d]pyrene and dibenz[a,h]anthracene) determined 
were compared with published data of other Hungarian cities. The potential 
carcinogenic risks of PAHs were also estimated. 
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1. Introduction 
Atmospheric aerosols are very important ambient components in point of air quality. 

Monitoring the particulate matter with an aerodynamic diameter smaller than 10 μm 
(PM10) and PM10-bound polycyclic aromatic hydrocarbons (PAHs) could have 
important environmental significance and health protection aspects [1]. 

PAHs are a large group of organic compounds included two or more coupled benzene 
rings arranged in various configurations. In addition to natural sources they generally 
derive from the incomplete combustion of organic materials and pyrolysis of 
hydrocarbons (e.g. coal, petrol, diesel and wood). The main PAH sources are traffic 
exhausts and industrial emissions, domestic heating and oil refining. Moreover, it is well 
known that road dust resuspension can contribute to fine aerosols especially during dry 
weather conditions. It is suggested that road dust may be a significant source of particle-
bound PAHs in ambient air. Possible PAH sources in road dust include vehicle exhaust, 
tire, pavement (asphalt or bitumen), and oil spill. PAH concentrations are the highest in 
areas of traffic followed by urban sites, and lowest in rural sites [2-3]. There are thousands 
of PAH compounds in the environment but in practice PAH analysis is limited to the 
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determination of a few compounds [4-5]. Some main representatives of PAHs are shown 
in Fig. 1. 

PAHs belong to the group of persistent organic pollutants with toxic, carcinogenic and 
mutagenic properties. Benzo[a]pyrene (BaP) has been identified as an indicator 
carcinogenic PAH compound [6]. The degree of toxicity and carcinogenicity of PAHs is 
dependent on the type of compound. PAHs can persist and accumulate in the environment 
with high risk of bioaccumulation in human and animal tissues, they are largely resistant 
to biodegradation and can remain in the environment for long periods [7]. The 
physicochemical properties of PAHs make them highly mobile in the environment, 
allowing them to spread in air, soil, and water. Atmospheric PAHs can be present in solid 
or gaseous substances, they are associated predominantly with particulate matters [8]. 

The aim of this work was to assess the ambient concentrations of PAHs in the PM10 
aerosol fraction in an urban site of Győr, Hungary in 2011. This was the first time to 
comprehensively study the PAH pollution status in the Győr atmosphere. The potential 
carcinogenic risks of PAHs were also estimated. The levels of carcinogenic PAHs 
determined in our study were compared with published data of other Hungarian cities.  

 
Figure 1. Structure of primary important PAHs [5] (*: not included in priority list; D: 

not listed as human carcinogen; B2: probable human carcinogen) 
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2. Experimental 

2.1. Study area 

Győr (47°41´02˝N, 17°38´06˝E) is the most important city in the northwest area of 
Hungary halfway between Wien, Bratislava and Budapest situated on one of the important 
roads of Central Europe. The city is the sixth largest in Hungary, and one of the seven 
main regional centres of the country. The location of Győr is shown in Fig. 2. The number 
of inhabitants is about 128,500. Győr is a dynamically developing city due to its good 
geographic situation and as an emphasized centre in automotive industry. It has become 
one of the largest economic, industrial and traffic areas of Hungary. The monitoring site 
is located at the junction of Tihanyi Árpád Street and Ifjúság Boulevard, where the main 
pollution source is the traffic. 

 

 
Figure 2. Schematic map of Hungary showing the location of Győr and the sampling 

site 

2.2. Sampling and chemical analysis 

The concentrations of PM10 aerosol samples were collected in every third month in 
spring (I.), summer (II.), autumn (III.) and winter (IV.) at 14 day intervals, continuously 
for 24 hours in 2011 at the monitoring site of Győr. A Digitel High Volume DHA80 
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(Digitel Elektronik AG, Switzerland) sampler [9] was used for collection ambient aerosol 
particles, which were chemically analysed later. This equipment is considered to be 
equivalent to the requirements of the European Standard (EN 12341) for sampling PM10 
matter [10]. In our previous work [11] we described the PM10 sampling, in details. 

The ultrasonic liquid-solid extraction of the filter (Advantec QR-100 quartz fibre, 
d=150 mm) and the PAH analysis were conducted in accordance with the Hungarian 
standard method procedure [12]. A gas chromatograph-mass selective detector 
(GC/MSD) system consisting of an Agilent 6890 gas chromatograph with an Rtx-5MS 
Integra GC column (30 m long, 0.25 mm internal diameter, 0.25 μm coating, 5% diphenyl 
– 95% dimethyl polysiloxane eluent) and an Agilent 5973 MSD was used in the study. 
The total PAH concentration was regarded as the sum of the concentrations of 19 
measured PAH species for each collected sample. 

3. Results and discussion 

3.1. Concentration and distribution of PAHs 

Table 1 gives an overview of the concentration ranges, mean values and standard 
deviations (SD) of the measured PAH compounds associated to PM10 aerosol particles 
during different sampling periods in 2011, respectively. Fig. 3 shows the average 
concentrations and SD of total PAHs during the sampling periods.  

The total PAH concentrations ranged from 0.88–95.80 ng/m3 with the mean value of 
20.06 ng/m3. The levels of total PAHs were relatively higher in heating season (periods 
I. and IV.) than in spring or summer. Similar to the concentration trend of total PAHs, 
concentrations of individual PAHs exhibit a large variability during the different 
sampling periods. 

 
Figure 3. Total PAH concentrations at the urban site of Győr during the four sampling 

periods in 2011 
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Table 1. Concentrations of PAHs in PM10 at the urban site of Győr during different 
sampling periods in 2011 (ng/m3) 

PAH compound 

Sampling period 
I. 

16 February- 
1 March 

II. 
4 May- 
17 May 

III. 
1 August- 
14 August 

IV. 
1 November-

15 November 

Naphthalene 0.58–0.90 
0.66 ± 0.09 

0.11–0.64 
0.17 ± 0.14 

0.29–0.38 
0.34 ± 0.03 

0.18–0.31 
0.22 ± 0.03 

2-Methylnaphthalene 0.35–0.83 
0.50 ± 0.13 

0.12–0.32 
0.16 ± 0.05 

0.10–0.19 
0.13 ± 0.02 

0.04–0.09 
0.05 ± 0.01 

Acenaphthylene 0.03–0.99 
0.33 ± 0.27 ND ND ND–0.02 

0.00 ± 0.01 

Acenaphthene 0.02–0.13 
0.05 ± 0.03 

ND–0.03 
0.00 ± 0.01 ND ND 

Fluorene 0.07–0.91 
0.34 ± 0.26 

0.03–0.09 
0.04 ± 0.02 

0.03–0.04 
0.03 ± 0.00 

ND–0.02 
0.02 ± 0.01 

Phenanthrene 1.12–7.58 
3.89 ± 2.32 

0.10–0.28 
0.18 ± 0.06 

0.09–0.14 
0.11 ± 0.02 

0.02–0.37 
0.13 ± 0.11 

Anthracene 0.08–0.80 
0.32 ± 0.23 

ND–0.03 
0.01 ± 0.01 

ND–0.02 
0.01 ± 0.01 

ND–0.06 
0.02 ± 0.02 

Fluoranthene 2.04–17.70 
9.11 ± 5.10 

0.11–0.53 
0.25 ± 0.11 

0.03–0.09 
0.06 ± 0.02 

0.28–5.43 
1.52 ± 1.68 

Pyrene 1.59–12.12 
6.51 ± 3.34 

0.09–0.50 
0.21 ± 0.11 

0.04–0.09 
0.06 ± 0.02 

0.40–6.54 
1.86 ± 2.02 

Benz[a]anthracene 0.79–6.19 
3.81 ± 1.86 

0.03–0.14 
0.07 ± 0.03 

0.01–0.07 
0.03 ± 0.01 

0.19–6.99 
1.82 ± 2.24 

Chrysene 1.17–4.62 
3.16 ± 1.22 

0.08–0.26 
0.15 ± 0.06 

0.02–0.09 
0.05 ± 0.02 

0.27–6.72 
1.93 ± 2.10 

Benzo[b-k-j]fluoranthene 3.52–16.39 
10.99 ± 4.40 

0.25–1.51 
0.57 ± 0.38 

0.06–0.26 
0.14 ± 0.06 

0.96–10.41 
3.76 ± 3.33 

Benzo[e]pyrene 2.32–9.15 
6.20 ± 2.35 

0.11–0.53 
0.22 ± 0.13 

0.03–0.12 
0.07 ± 0.03 

0.25–3.06 
1.01 ± 0.89 

Benzo[a]pyrene 0.87–6.86 
3.80 ± 1.90 

0.03–0.43 
0.15 ± 0.13 

0.02–0.09 
0.04 ± 0.02 

0.41–6.92 
2.14 ± 2.09 

Indeno[1,2,3-c,d]pyrene 0.81–7.88 
4.71 ± 2.40 

0.06–0.45 
0.15 ± 0.12 

0.03–0.11 
0.06 ± 0.03 

0.43–5.36 
1.77 ± 1.58 

Dibenz[a,h]anthracene 0.09–0.96 
0.51 ± 0.29 

ND–0.05 
0.02 ± 0.02 

ND–0.07 
0.02 ± 0.02 

0.04–0.76 
0.22 ± 0.24 

Benzo[g,h,i]perylene 0.89–6.43 
3.88 ± 1.79 

0.07–0.52 
0.20 ± 0.13 

0.03–0.12 
0.06 ± 0.03 

0.32–3.61 
1.21 ± 1.03 

ND: Not detected 

The compositional pattern of PAHs is shown in Fig. 4 and 5. Four and five-rings PAHs 
including fluoranthene (FLT), pyrene (PYR) and sum of the three benzofluoranthene 
isomers (BbkjF) were the dominant species in the samples. The carcinogenic PAH species 
(BaP, BbkjF, benz[a]anthracene (BaA), indeno[1,2,3-c,d]pyrene (IND) and 
dibenz[a,h]anthracene (DahA)) together contributed 43.36 % of the mass of the total 
PAHs on average. 
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Figure 4. The composition of PAHs measured in Győr in 2011 

 
Figure 5. The composition of PAHs based on the number of their constituent benzene 

rings measured in Győr in 2011 

3.2. Concentration of benzo[a]pyrene 

Among the PAH compounds, only the BaP concentration is regulated in Hungary and 
also in EU. The Hungarian daily and annual mean limit values for health protection are 1 
ng/m3 and 0.12 ng/m3, respectively [13]. However, the annual mean target value in the 
EU legalisation (also in Hungary) is 1 ng/m3 [14]. There is no relevant guideline value 
for other PAH compounds or total PAHs. The Hungarian air quality index (AQI) can also 
be used as a reference [15]. It defines air quality categories based on the ratio of pollution 
(Table 2). 
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The BaP concentrations ranged from 0.41 to 6.92 ng/m3 with the mean of 2.97 ng/m3 
in heating season, and from 0.02 to 0.43 ng/m3 with the mean of 0.09 ng/m3 in the non-
heating season. The annual mean concentration was 1.53 ng/m3, which exceeded the EU 
target value. However, it was 12.75 times higher than the Hungarian limit value for health 
protection. The BaP contamination exceeded the Hungarian daily limit value in 65.52 % 
of the samples collected in heating season. The comparison of the daily BaP 
concentrations with the AQI values show mainly acceptable, polluted or heavily polluted 
results in heating season, while indicate excellent or good air quality in the non-heating 
season. 

Table 2. Hungarian air quality index for air pollutants as BaP 

Category 
1. 

Excellent 
2. 

Good 
3. 

Acceptable 
4. 

Polluted 
5. 

Heavily 
polluted 

Related to the 
limit value in % 0–40 40–80 80–100 100–200 200– 

3.3. Toxicity of PAHs 

BaP believed to be the most toxic PAH and it has been well characterized 
toxicologically. However, less information is available for most of the other PAHs. 
Several approaches have been developed to obtain a more accurate assessment of 
potential risk of exposure to a complex mixture of PAHs using toxic equivalency factors 
(TEFs) based on BaP. The TEF methodology was developed by the U.S. Environmental 
Protection Agency (EPA) to evaluate the toxicity and assess the risks of a mixture of 
structurally related chemicals [16]. The TEF for each PAH compound is an estimate of 
the relative toxicity of the PAH compound compared to BaP. BaP equivalent (BaP-eq) 
concentration is a useful metric to quantitatively assess the carcinogenic health risk of 
PAHs [17-18]. 

The total BaP-eq concentrations based on a number of contributing compounds in the 
sample can be calculated with the following equation: 

Total BaP-eq = ∑ci ⋅ TEFi     (1) 

where, ci and TEFi
 
are the concentration and toxicity equivalency factor of individual 

PAH compounds, respectively. 

In this study TEF values for 14 PAH compounds reported by Larsen and Larsen were 
used [17]. Table 3 shows the summarized data for the applied TEF approach. BaP-eq was 
calculated for each component by multiplying the average concentration by its TEF value 
for each sampling period. The results show that among the analysed PAHs, BaP is the 
main contributor to the carcinogenicity of the examined PAHs. DaA, IND, FLT and 
BbkjF also have significant effect in total BaP-eq. The calculated BaP-eq concentration 
in winter is 25 and 75 times higher than in spring and summer, respectively. 
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Table 3. Benzo[a]pyrene equivalent exposure profile in PM10 at the urban site of Győr 
during different sampling periods in 2011 
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3.4. Source identification of PAHs 

According to the formation mechanisms, PAHs can be classified as pyrogenic or 
petrogenic PAHs. Normally, petrogenic PAHs mainly derive from the leakage of crude 
oil and the refined products such as gasoline, diesel fuel and fuel oil from urban vehicle 
traffics, whereas the incomplete combustion of diesel/shale/crude oil/coal leads reflects 
to pyrogenic/combustion origin. Several diagnostic ratios are used to infer the possible 
sources in environmental samples [5, 19]. PAH isomer pairs have similar physical-
chemical properties, thus they have similar dilution and distribution in particulate matter 
and other environmental phases even though the individual isomers may be characteristic 
of different sources. The PAH diagnostic ratios used in this study for source identification 
are summarized in Table 4. 

Table 4. PAH diagnostic ratios used as source indicator 
Diagnostic 

ratio* 
(References) 

Sources Ranges and mean values of diagnostic ratios in this 
study during different sampling periods 

I. II. III. IV. 
FLT/(FLT+PYR) 

[19] 
< 0.4 Petrogenic 

0.4–0.5 Fossil fuel 

combustion 

> 0.5 Grass, wood, coal 

combustion 

0.53–0.60  

0.58 

0.51–0.59 

0.54 

0.43–0.56 

0.50 

0.16–0.50 

0.45 

BaA/(BaA+CHR) 
[19] 

< 0.2 Petrogenic 

0.2–0.5 Petrogenic or 

combustion 

> 0.5 Combustion 

0.40–0.58 

0.52 

0.25–0.36 

0.31 

0.25–0.44 

0.37 

0.20–0.51 

0.44 

IND/(IND+BghiP) 
[5] 

 
 
 
 
 
 

[19] 

0.18 Cars 

0.37 Diesel 

0.56 Coal 

0.62 Wood burning 

0.35–0.70 Diesel emission 
 

0.46–0.58 

0.54 

0.35–0.49 

0.42 

0.43–0.50 

0.47 

0.55–0.61 

0.59 < 0.2 Petrogenic 

0.2–0.5 Petrogenic or 

combustion 

> 0.5 Grass, wood, coal 

combustion 

FLU/(FLU+PYR) 
[5] 

> 0.5 Diesel 

< 0.5 Gasoline 

0.02–0.07 

0.05 

0.06–0.28 

0.17 

0.25–0.43 

0.37 

0–0.05   

0.02 

BaP/BghiP 
[5] 

 
0.5–0.6 Traffic 

0.57–1.36 

0.99 

0.32–1.21 

0.72 

0.40–1.0 

0.62 

1.23–2.03 

1.58 

FLT/BeP 
[5] 

 
3.5±0.5 Automobile exhaust 

0.85–2.01 

1.37 

0.53–1.64 

1.25 

0.56–1.60 

0.92 

0.51–2.13 

1.52 

PYR/BeP 
[5] 

 
6±1 Automobile exhaust 

0.66–1.38 

0.99 

0.47–1.44 

1.03 

0.50–1.60 

0.91 

0.62–2.41 

1.71 
*: FLT- fluoranthene, PYR- pyrene, BaA- benz[a]anthracene, CHR- chrysene, IND- indeno[1,2,3-c,d]pyrene, BghiP- 

benzo[g,h,i]perylene, FLU- fluorene, BaP- benzo[a]pyrene, BeP- benzo[e]pyrene 
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The results of concentration ratios of FLT/(FLT+PYR) and 
IND/(IND+benzo[g,h,i]perylene (BghiP)) suggest that the combustion of both liquid and 
solid fuels was the dominant source of PAH contamination in the Győr atmosphere. The 
ratio values of BaA/(BaA+chrysene (CHR)) show mainly mixed sources of pyrogenic 
combustion and petrogenic sources. However, over 80 % of all the samples collected in 
winter show combustion origins based on the results of BaA/(BaA+CHR) diagnostic 
ratio. The BaP/BghiP ratio obtained in this study indicate traffic source over 20 % of all 
the samples. Vehicular emissions can be derived from gasoline engines based on ratio 
values of fluorene (FLU)/(FLU+PYR). The IND/(IND+BghiP) ratio values indicate 
diesel emission. However, the FLT/benzo[e]pyrene (BeP) and PYR/BeP do not indicate 
automobile exhaust. 

Although molecular ratios are often used for characterizing possible pollution sources, 
their ratios can be altered due to the reactivity of some PAH species with other 
atmospheric species, such as ozone and/or oxides of nitrogen. In addition to the 
atmospheric reactivity, degradation that may occur during the sampling process and can 
also modify the atmospheric PAH levels and thus the ratios between PAHs [5]. 

3.5. Comparison with other Hungarian cities 

Fig. 6 illustrates that the annual mean concentration of BaP observed for Győr is 
comparable with published data of other Hungarian cities (see also Fig. 2) in 2011 [15]. 
The BaP levels almost in all presented cities exceeded the EU target value in 2011. 
However, the air quality for BaP in Hungary generally corresponds to the EU average 
[14]. The exposure value excess is due to the traffic and domestic heating, collectively 
[14-15]. 

 
Figure 6. Annual mean concentration of benzo[a]pyrene measured in Győr and other 

Hungarian cities in 2011 [15] 
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The annual mean concentrations of some other carcinogenic PAH species (BaA, BbkjF, 
IND and DahA) observed for Győr were also compared with published data of other cities 
determined under the Hungarian PM10 Monitoring Programme [15]. The data illustrated 
in Fig. 7 show that the levels of carcinogenic PAHs in Győr PM10 samples were lower 
than measured in several other Hungarian cities. However, the national air quality 
database for carcinogenic PAH species is incomplete in some cities. Furthermore, there 
are no data for total PAHs or other individual PAH compounds. Based on TEF approach 
reported by Larsen and Larsen [17] on the mean concentrations of carcinogenic PAH 
species determined at the different Hungarian urban areas, it was found that the three 
highest carcinogenic exposure were in Nyíregyháza, Debrecen and Kecskemét (Table 5). 
Similar to the results of Győr, BaP has the highest carcinogenic potency followed by 
DahA. 

In a previous study [20], 13 PAHs could be evaluated quantitatively in PM10 aerosol 
samples of Budapest (traffic-related site) in the period of 2004–2007. Similar to the 
results of Győr determined in our study, relatively higher concentrations of PAHs were 
detected in aerosol samples of Budapest during winter compared with other seasons. The 
trend is mainly caused by the large seasonal variation in ambient temperature and solar 
radiation. Additionally, the lower atmospheric mixing height in winter had significant 
impact on the concentrations of PAHs. The carcinogenic species together contributed 49 
% of the mass of the total PAHs on average. The study has highlighted that the major 
source of organic compounds in the aerosol of Budapest during the study period was fossil 
fuel combustion from automobiles. Moreover, the PAH contribution from heating 
increased in winter. 

 
Figure 7. Annual mean concentration of some PAH compounds measured in Győr and 

other Hungarian cities in 2011 
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Table 5. BaP-eq values for the 7 carcinogenic PAH compounds in Győr and other 
Hungarian cities in 2011 

Cities 
BaP BaA BbF BkF BjF IND DahA Total  

BaP-eq (ng/m3) 

Győr 1.53 0.072 0.129 0.065 0.065 0.168 0.231 2.259 

Miskolc 2.24 0.107 0.153 0.077 0.077 0.171 0.550 3.374 

Nyíregyháza 3.70 0.139 0.216 0.108 0.108 0.298 0.572 5.142 

Debrecen 3.50 0.134 0.202 0.101 0.101 0.306 0.572 4.916 

Szombathely 1.06 0.048 0.085 0.0425 0.043 0.075 0.088 1.441 

Kecskemét 3.20 0.059 0.246 0.123 0.123 0.200 0.407 4.358 

Esztergom 1.07 0.051 0.088 0.044 0.044 0.072 0.099 1.468 

Szeged 1.77 0.108 0.247 0.1235 0.124 0.210 0.605 3.187 

4. Conclusions 
PM10 aerosol samples were collected and concentrations of 19 individual PAH 

compounds were determined in an urban site of Győr during four sampling periods in 
2011. The levels of total PAHs and the individual PAH compounds exhibit large 
variability during the sampling periods. The annual average concentration of BaP was 
almost 1.5 times higher than the EU target value. Relatively higher concentrations were 
observed in heating season. Four and five-rings PAHs including FLT, PYR and BbkjF 
were the dominant species in the samples. Based on calculated BaP-eq concentrations, 
the results show that different primary individual PAH components have significant 
environmental impact to BaP-eq. The most important is BaP, which component has the 
main effect on BaP-eq concentrations. 

However, the comparison of the annual mean concentrations of BaP and other 
carcinogenic PAHs determined in Győr with other Hungarian cities it was found that the 
levels of PAHs are relatively low in the Győr atmosphere. Moreover, our results has 
highlighted that the future Hungarian air quality studies should be focused on source 
apportionment of PAHs, particularly BaP. Studies on the effect of the meteorological 
conditions on the PAH concentrations would also be important. 
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