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Polycyclic aromatic hydrocarbons (PAHs) are present in ambient air with their nitro-derivatives 
and hundreds of other organic compounds. PAHs and nitro-PAHs originate from Diesel and gasoline 
exhaust emission, and other sources of fuels combustion. These compounds are responsible for muta-
genic activation of ambient air. Concentrations of PAHs, nitro-PAHs and dinitro-PAHs in total sus-
pended particulate matter in air of Katowice, Sosnowiec and Zawiercie as well seasonal variability of 
their concentrations have been investigated. The method of solvent extraction of particulate matter, 
fractional organic extraction as well HPLC and GC/MS analyses were applied. Nitro-PAHs concen-
trations in ambient air in Poland are poorly researched, compared to foreign literature. 

1. INTRODUCTION 

Studies of particulate matter and gas phase of urban air performed by Air Pollu-
tion Research Center in California showed that polycyclic aromatic hydrocarbons 
(PAHs) and their derivatives are mainly responsible for mutagenic activity of ambient 
air. PAHs, nitro-PAHs and other polycyclic aromatic compounds are mainly adsorbed 
on particulate matter, and their smaller quantities may be found in the gas-phase. Ni-
trated polycyclic aromatic hydrocarbons are a group of about 200 various chemical 
compounds. Many of them are mutagenic in microbial mutagenicity bioassays as well 
in mutation assay using human cells, a lot of nitro-PAHs have carcinogenic effects in 
animal studies [3–7]. 
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Compared to PAHs, some their nitro-derivatives gain an increased attention due to 
200 000 times higher mutagenicity and 10 times higher carcinogenicity. Humans are 
exposed to nitro-PAHs and other coexisting air pollutants from various sources. No 
data exists concerning the influence of individual nitro-compounds on human body [7] 
but correlation between lung cancers and presence of PAHs and nitro-PAHs in air of 
industrialized regions was found [9]. 

Most studies on the problem of the presence of nitro-PAHs in atmospheric air re-
lated to the mutagenic effect of fractions containing nitro-PAHs. The results of these 
studies showed that the fraction containing nitro-PAH was characterized by the high-
est mutagenic activity [3, 10–13]. In IOMEH, the mutagenic activity of PAHs and 
nitro-PAHs fractions was studied. This study showed that nitro-PAHs fraction exhibit 
higher mutagenic activity. Nevertheless, the concentrations of nitro-PAHs were ten 
times lower in comparison to PAHs. Therefore a need to measure low concentrations 
of nitro-PAHs in the air exists because even in such concentrations these compounds 
can cause health hazard. 

In some studies [2, 14–17, 23], nitro-PAHs concentrations in ambient air have 
been monitored in many countries such as USA, Brazil, Germany, Czech Republic, 
Slovakia, Austria, Sweden. In Poland, the levels of nitro-PAHs concentrations in am-
bient air were studied in the 90s of the twentieth century but only two of nitro-PAHs 
were determined in the summer season in several cities of the Silesian voivodeship 
[18–20]. Thus nitro-PAHs concentrations in ambient air in Poland are poorly re-
searched; insufficient data exist about their dependence on the heating season. 

The paper presents the results of measurements of PAHs and their nitro-
derivatives concentrations, having been conducted for two years (2009–2010), in three 
cities of the Silesian voivodeship. 

Some studies [7, 8, 21, 22] reported that the main source of exposure to nitro-
PAHs in ambient air is emission from diesel engines and combustion from individual 
households. Therefore samplings were planned in such areas of cities where is a large 
vehicle traffic and individual heating with coal prevailed. In addition, the seasonal 
variability of concentrations of the compounds was tested and the influence of the 
heating season as well. 

2. EXPERIMENTAL 

Sampling locations. Air samples were collected in three cities in the region of Si-
lesia: Katowice, Sosnowiec and Zawiercie. Both in Katowice and Sosnowiec, Polish 
cities of largest population, samples were collected in areas of high and compact 
buildings, the most of them being old buildings with individual heating with coal. In 
both cities, aspirators were situated in the centre of city near roads (ca. 1 m from the 
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road) with a significant volume of traffic, for example in Katowice it was situated near 
the roadway Katowice–Warsaw. 

Zawiercie is characterized by a much smaller population thus the type and density 
of buildings are different from those in other two cities. Air samples were collected in 
area of sparse, low buildings comprising mainly heated with coal detached houses 
with gardens. There are also industrial facilities with their heating with coal or oil. In 
the surroundings there are areas of open space: the park, a small area of fallow lands, 
the railway line. Aspirator was situated near the road linking the city centre to the road 
78 Chałupki–Chmielnik and road 791 Trzebinia–Myszków. Movement of vehicles on 
this road is much smaller than on the roads where samples were collected in Katowice 
and Sosnowiec. 

Air sampling. The sample of total suspended particulate matter (TSP) was col-
lected on glass fibre filters (11 cm in diameter) using Staplex high volume sampler 
model TFIA-2. The flow-rate was 1 m3/min. The total volume of sampled air was  
350–660 m3. Filters with the collected urban dust were protected from light by wrap-
ping in aluminum foil and stored in a freezer until sample analysis. In these studies, 
10–12 samples were collected in every city, in each season. 

Analysis of PAHs and nitro-PAHs. Particulate matter samples were extracted using 
Soxhlet apparatus with 100 ml of dichloromethane (DCM). The extract was fractionated 
on a glass column packed with silica gel using the following solvents: cyclohexane, 
dichloromethane in cyclohexane and dichloromethane (with different volumes for two 
fractions). Separated fractions contain: (1) – aliphatic hydrocarbons, (2) – PAHs,  
(3) – mononitro-PAHs, (4) – dinitro-PAHs [12, 17, 25]. Each eluate was evaporated to 
dryness. The following nine nitrated polycyclic aromatic hydrocarbons were deter-
mined: 9-nitroanthracene, 2-nitrofluorene, 1-nitropyrene, 3-nitrofluoranthene, 6-nitro- 
chrysene 1,3-dinitropyrene, 1,6-dinitropyrene, and 1,8-dinitropyrene. 

Polycyclic aromatic hydrocarbons were detected using AT 1200 high performance 
liquid chromatograph with a fluorescence detector. Nitrated polycyclic aromatic hy-
drocarbons were detected using a Varian 450 GC gas chromatograph interfaced with 
a 320 MS mass detector with electron ionisation GC/MS (EI). Limit of quantification 
for 480 m3 of air, for polycyclic aromatic hydrocarbons is 0.006-0.017 ng/m3, for the 
nitro-PAHs it is 0.003-0.014 ng/m3. 

3. RESULTS AND DISCUSSION 

Table 1 shows the average concentrations of polycyclic aromatic hydrocarbons and 
their nitro-derivatives in various seasons, the average air temperature and the number of 
days, from collecting sample days, in which the air temperature was lower than 10 °C. 
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T a b l e  1

Mean concentrations of polycyclic aromatic hydrocarbons and their nitro-derivatives 
in ng/m3 in different seasons in Sosnowiec. Katowice and Zawiercie 

Compound 

Sosnowiec Katowice Zawiercie 

            
Sp S A W Sp S A W Sp S A W 

n 
10 11 11 11 12 11 11 12 10 10 10 10 

Phenanthrene 2.11 1.51 1.00 3.50 1.58 1.36 0.61 3.77 1.46 0.76 0.81 1.36 
Anthracene 0.26 0.09 0.25 0.69 0.16 0.10 0.11 0.84 0.07 0.06 0.29 0.32 
Fluoranthene 2.63 0.87 2.46 9.24 1.95 0.96 0.73 8.74 0.48 0.86 2.37 4.13 
Pyrene 2.14 0.60 2.36 7.24 1.70 0.60 0.65 8.36 0.34 0.55 2.59 3.03 
Benzo(a)anthracene 1.76 0.52 2.46 8.03 1.27 0.55 0.73 8.21 0.30 0.46 2.90 3.58 
Chrysene 1.28 0.80 1.76 6.41 1.58 0.82 0.79 5.26 0.44 0.53 1.97 2.64 
Benzo(b) 
fluoranthene 2.05 0.85 1.25 6.26 1.56 0.97 0.81 4.96 0.44 0.51 1.47 1.69 

Benzo(k) 
fluoranthene 0.61 0.24 0.62 1.67 0.44 0.29 0.24 1.71 0.46 0.16 0.93 0.91 

Benzo(a)pyrene 2.99 1.09 3.41 9.91 2.18 0.96 1.12 10.82 0.58 0.76 3.76 3.89 
Dibenzo(ah) 
anthracene 0.55 0.17 0.76 0.75 0.25 0.16 0.08 1.17 0.11 0.16 1.04 0.58 

Benzo(g.h.i) 
perylene 0.91 0.37 3.79 2.97 0.42 0.44 0.54 4.49 0.16 0.23 4.68 2.47 

Indeno(1,2,3-c,d) 
pyrene 1.34 0.57 1.13 3.62 1.08 0.31 0.44 2.94 0.28 0.36 1.19 1.62 

Sum of PAHs  18.62 7.68 21.26 60.29 14.17 7.53 6.82 61.27 5.12 5.40 24.00 26.22 
2-Nitrofluorene 0.18 0.05 0.58 1.83 0.33 0.11 0.18 1.66 0.05 0.05 0.28 0.49 
9-Nitroanthracene 0.13 0.06 1.01 2.40 0.34 0.09 0.25 2.59 0.04 0.05 0.79 0.60 
3-Nitro 
fluoranthene 0.09 0.06 0.24 0.25 0.09 0.16 0.11 0.22 0.05 0.04 0.15 0.14 

1-Nitropyrene 0.01 0.01 0.02 0.05 0.01 0.01 0.01 0.03 p.o. p.o. 0.03 p.o. 
6-Nitrochrysene p.o. p.o. p.o. 0.03 0.01 p.o. p.o. 0.08 p.o. p.o. 0.01 p.o. 
Sum of 
mononitroPAHs 0.41 0.18 1.86 4.55 0.70 0.37 0.55 4.57 0.14 0.15 1.26 1.23 

1,3-Dinitropyrene p.o. p.o. 0.02 0.02 p.o. p.o. p.o. p.o. p.o. p.o. p.o. p.o. 
1,6-Dinitropyrene 0.02 0.02 0.04 0.02 0.03 0.02 0.04 0.04 p.o. p.o. 0.03 0.02 
1,8-Dinitropyrene p.o. p.o. 0.02 0.02 0.02 0.01 0.02 0.02 p.o. p.o. p.o. p.o. 
Sum of dintroPAHs 0.03 0.03 0.08 0.06 0.05 0.05 0.06 0.06 0.02 0.02 0.04 0.03 
Air temperature [oC] 21.50 23.80 10.40 –1.50 12.30 23.60 11.70 –1.00 18.90 24.80 9.00 9.20 
Days with  t < 10 oC 0.00 0.00 4.00 11.00 2.00 0.00 3.00 12.00 0.00 0.00 7.00 5.00 

Sp – spring, S – summer, A – autumn, W – winter. 
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The average concentration of polycyclic aromatic hydrocarbons and their nitro-
derivatives being the highest in winter exceeded the levels in summer 5–8 times. Rela-
tively high concentrations of 9-nitroanthracene, which similarly as 3-nitrophe- 
nanthrene, is formed mainly during combustion of coal [8], also prove emissions from 
households to participate in air pollution in winter. 

A similar relationship was noted during the monitoring concentrations of PAHs 
and nitro-PAHs using passive samplers in Poland in 1999–2000. The concentrations of 
studied compounds were 10 times higher in winter than in summer Similar depend-
ence has not been found in any of four project countries, probably due to PAHs emis-
sion from individual households heated with coal, characteristic of Poland [23]. 

High concentrations of 2-nitrofluorene, whose main source is emission from diesel 
engines [8, 24], also proved right choice of sampling sites situated near roads with 
high traffic density. 

The concentrations of PAHs in Zawiercie were 2–4fold lower than in other cities 
under investigation, and the concentration of 2-nitrofluorene and 9-nitroanthracene 
were tenfold lower. In Zawiercie, mean concentration of sum of PAHs in autumn is 
comparable to that in winter but the average temperatures in autumn and winter were 
similar 9.0–9.2 °C. In addition, there were more days in autumn where the temperature 
decreased below 10 °C (7 days) than in winter (5 days). 

The Silesian Voivodeship is one of the region, where the highest levels of air pol-
lutants are noticed. In recent years, it was associated with the presence of many indus-
trial plants, old technologies and low attention to environmental protection. Nowa-
days, the industry has been restructured, and each plant has a duty to minimize 
pollutants emissions, the ambient air is polluted mainly by toxic exhaust from vehicles 
and individual heating home. 

4. CONCLUSIONS 

• Concentrations of polycyclic aromatic hydrocarbons and their nitro-derivatives 
in the winter season were found to be higher 5–8 times than those in other seasons. 

• Concentrations of 2-nitrofluorene and 9-nitroanthracene in the air of urban areas 
were relatively high compared to the concentrations of other nitro-PAHs. The main 
source of emissions of 2-nitrofluorene, possibly carcinogenic to humans, is emission 
from diesel engines. 9-nitroanthracene is formed mainly from coal combustion. 

• In all seasons, concentrations of dinitro-PAHs were at a similar level of pg/m3. 
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