
ARCHIVES OF ENVIRONMENTAL PROTECTION
vol. 36 no. 2 pp. 65 - 72 2010 

PL ISSN 0324-846 I

© Copyright by Institute of Envionmental Engineering of the Polish Academy of Sciences, Zabrze, Poland 20 I O

POLYCYCLIC AROMATIC HYDROCARBONS IN PMl, PM2.5,
PMl0 AND TSP IN THE UPPER SILESIAN AGGLOMERATION,

POLAND

KRZYSZTOF KLEJNOWSKI 1, BARBARA KOZIELSKA2', ANDRZEJ KRASA',
WIOLETTA ROGULA-KOZŁOWSKA'

1 Institute of Environmental Engineering of the Polish Academy of Sciences 
ul. M. Skłodowskiej-Curie 34, 41-819 Zabrze, Poland

2Si!esian University of Technology, Faculty of Energy and Environmental Engineering, Department of Air Protection 
ul. Akademicka 2, 44-100 Gliwice, Poland

• Corresponding author e-mail: barbara.kozielska@polsl.pl

COMMUNICATION

Keywords: TSP, PM I O, PM2.5, PM I, impactor, dust fraction, suspended dust, PA Hs, benzo(a)pyrene, organic
pollutants, air pollution.

Abstract: Polycyclic aromatic hydrocarbons (PAI-ls) are persistent organic pollutants, ubiquitous in the whole
environment. They are relatively well known and are still of interest due to their well documented carcino­
genic and mutagenie properties. In ambient air of urban regions they mostly occur as adsorbed to particles of
suspended dust. The richest in these compounds and therefore most hazardous to humans, fraction of dust is
the fraction of the finest particles. The paper presents results of investigations of dust sampled with use of an
impactor Dekati PM I O in Zabrze, a site typical of Upper Silesian conditions. While sampling, the impactor
segregates sampled particles into four fractions by their aerodynamic diameters. Sixteen PAHs were determined
in each fraction chromatographically. PAH content in the fraction of the finest particles, i.e. in PM I, was of
particular interest.

INTRODUCTION

Properties of ambient dust (PM, Particulate Matter), its environmental and health effects
as well as its fate in the environment depend on size of its particles [9]. Elevated health
hazard in urban areas highly polluted by the finest ambient particles has been pointed out
by many papers [3, 4, 27]. The finest particles easily penetrate into alveoli - the particles
with the diameter of 1-2 urn are arrested there with the highest efficiency. Present in the
body, such particles can cause intoxication, upper respiratory tract inflammation, bronchi­
tis, lung cancer, allergies and asthma [27, 30]. Chemical and mineralogical composition
or the dust, also that depending on the particle size fraction, affects the human health
itself. Many volatile organic compounds, metal oxides and other, often carcinogenic,
substances may be found on the particle surface [4, 11, 271- Polycyclic aromatic hydro­
carbons (PAI-ls) 48 of which are carcinogens [IO, 33, 35], due to their specific strong
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effects on living beings are of special concern [34, 35]. Urban ambient PAI-ls come from 
combustion processes, such as production of coke, combustion of organic fuels for energy 
production [38], road traffic [1, 7, 13, 18] and domestic furnaces [17, 20, 21]. They occur 
in gas phase and are adsorbed to dust particles. In areas dominated by vehicular air pollu­ 
tion, up to 95% of total ambient PAI-ls may be in PM (in PM3 rich in elemental carbon) 
[28]. PM 1.3 may contain 60-90% of total PAI-ls from PM [25, 26, 31 ]. 

The paper presents results of investigations of 16 ambient PAI-ls (Tab. I) in the great 
Upper Silesian agglomeration, Poland, in winter. Ambient concentrations of the 16 PAI-ls 
and distribution of their mass between four PM fractions: PM I (particles with the aerody­ 
namic diameter less than I .O µm), PM 1-2.5 (particles with the diameter between I .O and 
2.5 µm), PM2.5- I O (particles with the diameter between 2.5 and I O.O µm) and particles 
with the aerodynamic diameter greater than I O urn were detcnnined. Till now, in Poland, 
PAI-I content in ambient PM fractions has not been investigated. 

Table I. Average concentrations lng/m·'J of 16 PAIis in tractions of l'M in Zabrze. winter 2006/2007 

Compound 
Dust fraction 

<lµm 1-2.5 pm 2.5-IOµm > I O µ111 PMI PM2.5 PMIO TSP 
PM [µg/t11'] 38.84 8.86 3.40 1.32 38.84 47.70 51.10 52.42 
Naphthalene 0.00 0.26 0.06 0.00 0.00 0.26 0.32 0.32 
Acenaphtylene 0.07 0.12 0.00 0.00 0.07 O. 19 0.19 O. 19 
Acenaphtene O. 19 0.09 0.15 0.00 O. 19 0.28 0.43 0.43 
Fluorene 0.22 0.29 0.23 0.00 0.22 0.51 0.74 0.74 
Phenanthrene 2.69 0.68 1.20 0.00 2.69 3.37 4.57 4.57 
Anthracene 0.56 0.21 0.46 0.00 0.56 0.77 1.23 1.23 
Fluoranthene 3.33 0.63 0.36 0.00 3.33 3.96 4.32 4.32 
Pyrene 3.78 0.43 I.I I 0.00 3.78 4.21 5.32 5.32 
Benza( a )anthracene 7.83 0.98 I.IO 0.00 7.83 8.81 9.91 9.91 
Chrysene 8.56 131 2.45 0.00 8.56 9.87 12.32 12.32 
Benzo(b )fluoranthene 4.30 0.23 1.08 0.00 4.30 4.53 5.61 5.61 
Benzo(k)fluoranthene 4.36 0.25 0.20 0.00 4.36 4.61 4.81 4.81 
Benza( a )pyrene 5.82 0.45 0.89 0.00 5.82 6.27 7. I 6 7. 16 
I ndeno( 1,2,3 .cd)pyrcne 2.09 1.67 0.50 0.00 2 09 3.76 4.26 4.26 
Di benzo( ah )anthracene 0.28 0.00 0.00 0.00 0.28 0.28 0.28 0.28 
Benzo(gh i )pery Jene 2.27 0.00 0.29 0.00 2.27 2.27 2.56 2.56 
I l'AHs 46.35 7.60 I 0.08 0.00 46.35 53.95 64.03 64.03 

METHOD 

Dust was sampled from December 2006 to February 2007 in the central part of Zabrze 
(Fig. I) by taking 48 hour samples with use of a Dekali PM I O four stage impactor. The 
sampling site is representative of the Upper Silesian ambient air quality conditions and 
it was characterized in [ I 2]. The impactor collects dust from ambient air and segregates 
particles into four fractions: PM I, PM 1-2.5, PM2.5- I O and particles greater than I O 
urn. The finest dust was collected on a glass fiber after niter, the other fractions - on alu­ 
minium plates. The inlet of the impactor was 7 m above the ground level - the altitude 
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precluding effects of the secondary emission. The detailed description of the impactor is 
in [ 12]. In total, there were 30 samples taken. 

Fig. I. Location of the sampling point 

Concentrations of the dust fractions were determined gravimetrically. Prior to each 
weighing, before and after exposing, all substrates were conditioned in the weighing 
room for 48 hours. 

The collected dust was extracted from the after-filter and plates in a dichloromethane 
(CH2CIJ ultrasonic bath. The extract was percolated, washed and dried by evaporating 
in the helium atmosphere. The dry residue was diluted in propanol-2 (CH,CH(OH)CH) 
and distilled water was added (proportion ofpropanol-2 to water - 15/85, v/v). For selec­ 
tive purification, the samples were extracted to solid phase (SPE) in columns filled with 
octadecylsilane (C18, Supelco). The columns were pre-conditioned in the extraction set­ 
ting by washing, first with methanol, next with the 15/85 propanol-2/water mixture. They 
were kept wet during the whole conditioning. Directly before the extraction, 5 cm' of the 
propanol-2/water mixture was percolated through each column in normal conditions (no 
vacuum). The samples were percolated under vacuum, rinsed with the propanol-2/water 
mixture and dried under vacuum. PAHs were eluted with use of dichloromethane. The 
extract of PA Hs was condensed in the helium atmosphere to the volume of 0.5 cm 3. 
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A Perkin Elmer Clarus 500 gas chromatograph, with a flame ionization detector 
(FID), was used. An RTX-5 (Restek) 30 m x 0.32 mm x 0.25 µm capillary column with 
nonpolar stationary phase was used to separate the sample components. The flow of car­ 
rier gas, helium, was 1.5 cmvmin. 

Calibration curves for the 16 PAH standards were used in quantitative determina­ 
tions. Linear correlation of peak surfaces with PAI-I concentrations was checked in con­ 
centration range I 0-40 ng/rnrn '. The samples were introduced into a split/splitless injec­ 
tor. Temperatures of the vaporizer and detector were 240 and 280°C, respectively. The 
temperature of the column was 60°C during the first 4 min of the analysis and increased 
at !0°C/min up to 280°C, at which the column was maintained for 14 min. The whole 
analysis lasted 40 min. The rates of providing the detector with hydrogen, air and helium 
were 45 cm-vrnin, 450 cmvrnin and 30 cmvrnin, respectively. 

Recoveries of the 16 PAI-Is were calculated by using the internal standard method. 
They ranged from 85% to 93%. The detection limit was O. I ng/rnrn'. 

RESULTS AND DISCUSSION 

The measurement results are presented in Table I. Concentrations of dust fractions are 
averages of 30 measurements (IO measurements per one month from December 2006 to 
February 2007). Each ambient PAI-I concentration is an average of nine measurements, 
three from each month. In this period, the average TSP concentration was almost equal to 
average PM I O concentration. PM I was more than 74% of TSP; average content of PM I 
in PM2.5 was 81 .4%. It proves combustion and transformation of gaseous precursors 
contributing greatly to ambient PM. The average concentration of PM I O (Tab. I) exceeds 
40 ~tg/1111, the limit value defined in [24]; the PM2.5 concentration exceeds 25 ~tg/m1, 
the European Commission's proposal for the limit value for yearly ambient PM2.5 con­ 
centrations [4]. However, the sum Iller concentrations of PM in this area are much lower 
(averages of 48 hour PM I O and PM2.5 concentrations in su Ill mer 2006 were 38 and 32 
ug/m ', respectively [ I 2]) and yearly concentrations of PM also may be lower than these 
presented in Table I. 

Concentrations of particular PAI-Is belong to a wide interval. They are high - concen­ 
tration of B(a)P, the compound expressing carcinogenicity of PM, differs from I ng/rn', 
the standard for yearly average from the Regulation [24], by one order (in fact, the con­ 
centrations should not be compared but the comparison is very figurative). B(a)P and 
other US EPA carcinogens - benzo[a]anthracene, benzo[b]tluoranthene, benzo[k]Auoran­ 
thene, chrysenc, dibenzo(ah)anthracene and indeno] 1,2,3-ccl]pyrene - are 72, 64 and 62% 
of the total mass of the 16 PAI-ls in PMI, PMl-2.5 and PM2.5-10, respectively. High 
contribution of these seven compounds ( over 33 ng/m') to PM I is of special significance. 
These PAI-ls adsorbed on such fine particles may penetrate human body very deeply. 

Pyrene, fluoranthene, benzo(a)anthracene, chrysene, benzo(b)tluoranthene - 4- and 
5-ring hydrocarbons prevailed in PM I and, in PM I, their concentration was about 60% 
of total concentration of the 16 PA I-ls (Tab. I). 

Considerable amounts of total and particular PA Hs were found in PM I (Tab. 1 ). 
There were no PJ\Hs in the fraction of particles with diameters greater than 1 O µm. It 
is probably clue to low mass of the analyzed sample (in average 30 times lower than the 
mass of PM l, Table I) and mechanical origin of these particles. 
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Total PA Hs from PM 1 had the greatest ambient concentration, and consequently the 
greatest mass (all the fractions were in the same volume of air), next were PAI-ls from 
PM2.5-1 O and PA Hs from PM 1-2.5 had the lowest ambient concentration. In some con­ 
ditions there are more 4-, 5-, 6- and 7-ring ambient PAI-ls in particles with aerodynamic 
diameter 7 urn than in particles with the diameter 3 urn [28]. It corresponds very well 
with the obtained results. 

Most of the 16 PAI-ls (acenaphtcne, phenanthrene, anthracene, pyrene, benzo(a) 
anthracene, chrysene, benzo(b)Auoranthene, benzo(a)pyrene, bcnzo(ghi)perylene, Tab. 
1 and Fig. 2) behaved like the sum of PAI-ls. Some of the rest (fluoranthene, benzo(k) 
A uoranthene, indeno(l ,2,3.cd)pyrene ), I ike PM (Fig. 3 ), had concentrations increasing 
along with decreasing diameters defining the fractions. Naphthalene was entirely com­ 
prised in PM 1-2.5 and PM2.5-I O (probably majority of this compound in the air, espe­ 
cially its gas phase, comes from its vapor condensed on surfaces of greater particles) and 
dibenzo(ah)anthracene did not occur in particles greater than I urn at all - Figure 3. 
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Fig. 2. Mass distribution of nine PA Hs among dust fractions 

Some combinations of PAI-ls may be characteristic of their sources [2, 6, 8, 15, 
16, 19, 32, 37]. Chrysene, and benzo(k)Auoranthene are markers of coal combustion, 
benzo(ghi)perylene, coronene and phenanthrene - of car engine emission, phenanthrene, 
fluoranthene, pyrene are connected with absorbing vehicular gaseous PAI-ls particles from 
salted (in winter) roads, pyrene, fluoranthene, phenanthrene - with incinerators, volatile 
PAI-ls (fluorene, fluoranthene, pyrene, benzo(b )Auoranthene and indeno( 1,2,3-cd)pyrene) 
are tied with oil combustion. 
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Fig. 3. Mass distribution of dust and seven PAHs among dust fractions 

The dominance ofchrysene and benzo(k)lluoranthene suggests coal combustion be­ 
ing the main source of the dust [5, I 4, 22, 23, 29]. Their distribution among the PM 
fractions (almost all ambient PA Hs are in PM I) and high content of PM I in PM reflect 
the structures of air pollution in Zabrze - majority of houses in the centre of Zabrze are 
heated by furnaces burning hard coal very inefficiently. The sum of concentrations of 
acenaphtene, fluoranthene and pyrene is in average 21, 23 and 28% of the total PAH 
concentrations in PM I, PM 1-2.5 and PM2.5-I O, respectively. It means that in Zabrze 
PM, these compounds may come from adsorption of their gas phase by particles of dust 
[8]. Their content in - having greater mass - coarse fractions is relatively higher. In PM 1, 
oil combustion markers - benzo(b )fluoranthene and inden o( 1,2,3-cd)pyrene - occur in 
high concentrations. Only several of the 16 PAI-ls came from other than hard coal burning 
sources - among them very clearly naphthalene. 
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WI !:I .OPi l:RŚCI lcNIOWF Wf;Gl .O WODORY i\lWMATYCZNF ZWl;\7.MJI: /. l'rvl I, PM2.5. l'M I O I
CALK OWITYM f>Yl.1-:M 7i\Wll:S7ONYM W ACil.OMl:Ri\CJI C,ORNOSl.;\SKIEJ

Wielopierścieniowe w<.;glowodory aromatyczne ( WW/\) należą do grupy trwałych 1.anicczyszc1.c1i organicznych
obecnych we \,·szystkich elementach środowiska. Są licznie reprezentowane i stosunkowo dobrze poznane.
a ich udokumentowane własności mutagenne i kancerogenne sprawiają. że nadal są w centrum zainteresowań.
V..1 powietrzu atmosferycznym obszarów zurbanizowanych najczęściej występują w postaci zaadsorbowanej na
cząstkach pyłu zawieszonego. Najbogatszą w te związki, i stąd najniebezpieczniejszą, jest frakcja cząstek naj­
drobniejszych. l'r1.ccJrnio1c111 badari był pyl 1awieszony pobrany i111paktore111 Dekali l'iVI I O w punkcie charakte­
rystycznym dla i\glom<:racji Górnośląskiej w Zabrzu. Impaktor urnożliwia rozdział pyłu 1.awiesrnncgo na
cztery frakcje, każda o cząstkach mających średniccacrod,·namicznc w inn,·m z c1.tcrech przyległych rozłącznych
prz.edzialów. W każdej z. l'rakcji oznaczono zawartość szesnastu WW/\ metodą chro1na1ografic1J1ą, Uzyskane
wyniki umoZliwily ocen<; zawartości \\/\Jl/\, a za szczególnie interesujące uznano wyniki zawartości W\VA
w pyle PM I.


