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Abstract 

TLC, GC and HPLC methods were employed to determine the concentrations of 16 PAHs in the surface 
level of soils subjected to a differentiated level of anthropopressure from the Poznan municipal area. PAH 
pollution was confirmed, primarily local pollution of soils at car and bus wash sites and fuel pumping stations 
and garden sites located in communal garden plots situated on previously recultivated areas. Research on 
such a broad scale was undertaken for the first time as well as a discussion in consideration of legal norms in 
force in Poland and worldwide. A low PAH level in the soils of the Poznan municipal area is confirmed by 
their biodegradation combined with the surface soil layer. 

Keywords: soils, PAH analysis, comparison. 

Introduction 

Over the last several decades, an increased level of 
environmental pollution by toxic chemical substances has 
been noted, to which belong, among others, polycyclic 
aromatic hydrocarbons (PAHs). The PAH source in the 
natural environment is industrial development, and 
mainly the intensive growth of automotive transporta-
tion. The upper surface soil layer is particularly suscep-
tible to the accumulation of prevailing quantities of these 
compounds. Depending on the pH, the time of year and 
the geomorphologic nature of the soil, PAH cumulation 
will occur with varying intensity and levels of resultant 
biodegradation. Among the most important processes 
causing PAH breakdown in the environment are evapor-
ation, leaching, sorption, solar ray induced photolysis, 
oxidation reactions, substitution and addition as well as 
microbiological changes. 

Research by Lane and Katz [1] conducted on chosen 
PAHs, employing artificial solar light, allowed for a de-
termination of their half-life. The shortest half-life is ex-
hibited by anthracene (0.2 hours), the time for the most 
carcinogenic benzo(a)pirene {B(a)P} is 5.3 hours., and 
the longest amounting to 21.1 hours is characteristic of 
benzo(e)pyrene {B(e)P}. The half-life of PAHs in the 

presence of ozone (sample - 0.2 ppm) and artificial sun-
light is much shorter and for anthracene {An} is 0.15 
hours, for benzo(a)pyrene {B(a)P} 2.75 hours and for 
benzo(e)pyrene {B(e)P} 5.38 hours. Additional reactions 
are primarily those with oxygen leading to the formation 
of benzoquinones or benzene ring cleavage. 

Characteristic of PAHs is the reaction with nitrogen 
oxides and dilute nitric acid, a result of which is the for-
mation of very strong carcinogenic nitrate derivatives. 
The presence of SO2 and SO3 results in the formation of 
such derivatives as sulfinic, sulfonic and disulfonic acids 
as well as other unidentified compounds. 

The decomposition of aromatic compounds depends 
on the presence of atmospheric oxygen, which has been 
confirmed in the research of Maliszewska-Kordybach [2] 
conducted on agricultural areas. It has been determined 
that grasslands are characterized by higher PAH content 
than arable land. The lower content of these compounds 
in arable land, also noted in several other papers [3, 4], is 
the result of their greater aeration as well as losses of the 
lighter polycyclic aromatic hydrocarbons, due to a more 
frequent mixing of soils, resulting in more intensive bio-
degradation. 

Many authors [5, 6] confirm the existence of various 
bacterial strains and fungi, which metabolize carbohy- 



 

 

drates with one, two and three aromatic rings. These 
microorganisms have a cooxidation potential, thus they 
can oxidize existing carbohydrates to additional ones, 
rather than just to elemental carbon. Groenwegen and 
Sttop [7] isolated soil bacteria, which utilize napthalene 
(Na), phenathrene (Phen) and anthracene (An) for their 
development, while at the same time cooxidizing 
fluorene (Flu), fluoranthene (Fl) and pyrene (Pyr). The 
soil bacteria are more effective in their decomposition of 
polycyclic aromatic hydrocarbons including B(a)P in its 
naturally occurring environment, the soil, than in nutri-
ent crops. 

A significant factor influencing the content of PAHs 
in soils is their physical-chemical properties, and, above 
all, their content of organic substances (OM), which de-
termine the extent of the soil's sorption of these com-
pounds [2, 6, 7]. According to the data presented by 
Maliszewka-Kordybach [2], it occurs that in soils with 
more OM, PAH concentrations are higher than in those 
with lower ones. The scope and speed of the changes 
described are determined by the content of polycyclic 
aromatic hydrocarbons in soil, and are thus decisive as to 
their ecotoxilogical action. The OM has become the basis 
of Polish recommendations for PAH amounts in agricul-
turally exploited soils. 

The research hitherto conducted on PAHs, as a rule, 
concerns primarily areas used for agricultural purposes 
[2, 8, 9, 10], communal garden plots [11, 12], areas under 
legal protection [13, 14,15], areas around thermo-electric 
power stations [16], municipal agglomerations [12, 13] as 
well as heavily traveled communications routes [17] and 
racetracks [18]. It should be stressed that results were 
obtained by means of various sampling methods and vari-
ous analytical techniques. Research often consisted of 
only B(a)P determinations and in the event of determin-
ing PAH sums, this number fluctuated from 6 to 16. 

Information about the content of PAHs in arable soils 
is particularly important due to the potential threat not 
only to soil ecosystems but to human health [8]. This 
question has been considered in detail in the research of 
the Institute of Soil Science and Plant Cultivation in 
Pulawy, Poland. Included in the research were agricul-
turally exploited soils having various levels of industrial-
ization in the area of the Lublin voivodship as well as 
areas of northern and eastern Poland [2, 8, 9, 10]. The 
degree of PAH soil pollution was estimated on the basis 
of a classification system for agriculturally used soils pro-
posed by the Institute of Soil Science and Plant Cultiva-
tion in Pulawy [8, 10]. A summary of 13 PAHs from the 
US EPA list were determined, with the exception of nap-
thalene {Na}, acenapthalene {Acn} and acenapthylene 
{Ace}, normalized with relation to the soil, with a 2.0% 
OM content. An average content of Σ PAH Sof of 364 
µg/kg was determined, which coincided with the content 
of these compounds in soils used for agriculture in other 
European countries such as Great Britain, Germany and 
the Czech Republic [3, 4, 8, 19]. The lowest average con-
tent of Σ PAHs was registered in the soils of northeastern 
Poland, the greatest in the northwestern areas. The data 
found in the "Institute of Soil Science and Plant Cultiva-
tion" papers shows that non-polluted soils, having 
a Σ PAH content < 600 µg/kg, constituted almost 80% of 
the total, whereas soils with II0 (second degree) pollution 

(Σ PAH 600-1000 ug/kg) make up 12%. A further 8% 
corresponded to soils polluted to III0 with a Σ PAH con-
tent of 1000-5000 µg/kg, a considerable part of which 
were found in the vicinity of local sources of PAH 
emission. Similar research conducted on agriculturally 
used soils in the area of Zabrze (city of south Poland) 
showed an average PAH content of 7000 µg/kg [8]. 

Testing of soils from the areas of garden plots per-
formed in the municipal area of Poznan [11] indicated 
that the average 6 PAH content is within 184 to 494 
µg/kg. Similar studies have been conducted on soils ori-
ginating in communal garden plots around Krakow (city 
of south Poland) [12], where the average content of 
Σ 6 PAHs amounted to 930 µg/kg. Wcislo [13] published 
a review of literature considering holistically conducted 
research over a number of years on polycyclic aromatic 
hydrocarbons in unpolluted and polluted soils and urban 
agglomerations. The content of B(a)P in soils from the 
Biatowieza (city of eastern Poland) area amounted to 8.2 
µg/kg (Σ 7 PAH 190 µg/kg), from the Beskidy area 
from 1.5 to 6.5, whereas in the Wisla area, it was 37.4 
µg/kg (Σ 7 PAH 380 µg/kg). These are values describing 
unpolluted lands. 

Polluted lands, in the first place, are those of indus-
trial areas and urban agglomerations, which by virtue of 
their function are endangered by anthropopressure, 
where the PAH content in soils increases considerably. 
An example of this action is the PJock Petrochemical 
Works, in whose vicinity from 11,000 to 15,000 µg/kg 
B(a)P have been found. This value is considerably lower 
at a distance of approximately 5 km from the emission 
center where it is less than 2,000 µg/kg. Soils sampled in 
the vicinity of the Czechowice refinery (south Poland) 
are characterized by an unusually high B(a)P content of 
up to 33,100 µg/kg. B(a)P concentrations in the soils from 
the Bytom vicinity were from 1,000 to 2,600 µg/kg, in the 
vicinity of Zabrze from 94 do 813 µg/kg, within the 
Krakow area from 60 to 337 µg/kg, and in Katowice from 
903 to 982 µg/kg. The content of Σ PAH was not deter-
mined everywhere, and in those cases where it was, it was 
found to differ both in amount as well as in composition 
of individual compounds. In soils originating from the 
city of Krakow the Σ 6 PAH was from 382 to 3411 µg/kg, 
in the Zabrze vicinity from 705 to 29 143 µg/kg, from 
within the Lodz municipal area from 60 to 650 µg/kg, and 
from Czestochowa approximately 800 µg/kg. In soils sam-
pled in Krakow, near streets with large concentrations of 
vehicular traffic, three compounds were dominant, pery-
lene (Per), chrysene (Ch) and fluoranthene (Fl) [12]. 
Analysis of soil samples including 13 PAH determina-
tions were conducted within the municipal areas of 
Zabrze, Bytom and Katowice [13]. The largest concentra-
tion of Σ 13 PAHs was noted in Katowice, from 11,994 to 
12,194 µg/kg. Within this same region, this amount was 
from 7,246 to 7,900 µg/kg (Bytom), and in Zabrze, from 
3,357 to 4,186 µg/kg. 

Swietlik et al. [16] conducted research on the content 
of 15 PAHs in soils surrounding the "Radom" 
thermo-electric power station. It was found that 4-ring 
hydrocarbons formed the basis of 42 do 82% of the total 
content of the tested polycyclic aromatic hydrocarbons 
whereas the 5-ring ones were found half as often, and 6-
ring hydrocarbons accounted for only from 4 to 6% of 
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the total. The summative content of PAHs determined 
was within 11 to 189 µg/kg. Such a low content level 
of the investigated compounds over the whole area of 
the "Radom" thermo-electric power station leads, 
according to-the authors, to the conclusion that the 
work of the staJon does not endanger agricultural 
production. 

The influence of automotive transport on PAH con-
tent in soils originating from the perimeter in the vicinity 
of the parking lot of the Gdansk airport (north Poland) 
terminal was the subject of research by Wodecki et al. 
[17]. The authors confirmed a systematic drop in the con-
tent of PAHs determined with an increased distance 
from the roadside, as well as a distinct influence of the 
parking lot on the content of determined compounds. 
What is more, it was shown that it is mainly the surface 
layer that is polluted to a depth of 1 m. 

Accumulation of 6 PAH in soils from the area of the 
"Poznari" racetrack was the subject of studies conducted 
at the Institute of Water and Soil Analysis [18]. Two samp-
ling sites were chosen at the racetrack site, from the start-
ing line and from a site lying along the track. At the start 
line, the place was mostly endangered by concentrations of 
B(a)P pollution, which accounted for 276 µg/kg, and that 
of Fl, amounting to 261 µg/kg. It was also determined that 
as the distance from the track increased, the content of 
specific tested compounds decreased considerably. 

Purpose of this Study 

The purpose of this study is to determine the PAH 
levels at 100 sites throughout the city of Poznan in the 
surface layer of the soil subjected to various levels of an-
thropopressure; to present for the first time the results of 
16 PAH determinations obtained for the samples of soils 
tested in the years 1995-1997; to show correspondence be-
tween the results obtained by means of three analytical 
methods: TLC, GC and HPLC; and to compare the results 
obtained for soils from the Poznan area with the data in 
the literature for Polish soils, mainly on Silesia and South-
ern Poland and the data on urban agglomerations. 

Methods and Materials 

Chromatographic methods, and particularly those of 
thin-layer chromatography, gas chromatography and high-
ly efficient liquid chromatography are presently among the 
most popular techniques for PAH determination. Never-
theless, in order to maximally use the potential of these 
techniques, particular attention should be paid to the 
proper preparation of samples for analysis. This procedure 
is based on several stages, i.e. sampling, drying, isolating 
from the matrix, purification, concentration and quantitat-
ive and qualitative analysis. 

The sampling stage, followed by sample preparation 
(always being the initial part of analytical procedure) is 
particularly important. Mistakes made in these phases may 
disrupt the course of the analytical process and thus dis-
tort the end result of the analysis. 

A soil sampling rod was used by means of which an 
initial sample was taken from the surface layer of soil from 
one site in the tested area. This sample consisted of the 

total volume of the soil sampling rod. From the combina-
tion and mixing of 10 original samples, an average sample 
having a mass of approximately 0.25 kg of soil was ob-
tained. Following delivery to the laboratory, the sample 
was cleaned of rocks and vegetative detritus, following 
which it was dried in darkness at room temperature for 
approximately 48 hours. 

Soil samples from fuel stations, at crossroads with 
heavy automotive traffic, at squares and parking lots, were 
taken from the surface layer at a depth of 0-20 cm. The 
subjects of testing were soils originating from CPN fuel 
stations at Glowna Str. and at the crossing of 
Wyspiafiskiego Str., Matejki and Chelmonskiego, as well 
as soils sampled from the crossroads of Serbska Str., 
Lechicka, the crossroads of Libelta Str. and Aleja Niepod-
leglosci and Slowianska Str. and Urbanowska. Baltycka 
Str. was chosen as a very busy communications artery. 
Among the tested rondos and squares were: Kolegiacki 
Square, Wolnosci Square and Cyryla Ratajskiego Square, 
as well as the square at Ratajskie Circus. Samples of soils 
from automobile parking lots came from Zlotowska II 
Str., Grunwaldzka Str. - at Collegium Chemicum, as well 
as the vicinity of the bus terminal in Poznan. Samples from 
the gravel racecourse of the "START" sports club in 
Gniezno (city near Poznan) were taken: the first from the 
racetrack at a distance of 5 m in front of the starting line 
as well as two samples from the green, one in line with the 
starting line and 5 m from it, the other 5 m onto the green, 
on a line directly across the green from the start line. 
Samples of soils from communal gardens were taken from 
communal garden plots at Zlotowska Str. as well as gar-
dens at Battycka Str. Finally, testing was conducted on soil 
from the run-off canal of the car wash located on the 
grounds of the Collegium Minus of Adam Mickiewicz 
University at Wieniawskiego 1, Str. 

Further analytical procedures on the tested sample 
are presented on the diagram below: 
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Recommended Analytical Procedure for PAH 
Testing in Soils 

A qualitative and quantitative analysis was conducted 
to determine 16 PAHs from the EPA list [21]: (Na) 
Naphthalene, Acenaphthylene (Ace), Acenaphthene 
(Acn), Fluorene (Flu), Phenanthrene (Fen), Anthracene 
(An), Fluoranthene (Fl), Pyrene (Pir), Benzo(a)an-
thracene B(a)A, Chrysene (Ch), Benzo(b)fluoranthene 
B(b)F, Benzo(k)fluoranthene (B(k)F, Benzo(a)pyrene 
B(a)P, Indeno(l,2,3-cd.)pyrene (IP), Dibenzo(a,h)an-
thracene B(a,h)A and Benzo(g,h,i)perylene Bghi)P. 

A Shimadzu chromatograph with a Supelcosil column 
(150 mm length and a diameter of 4 mm - PAHs C]8) was 
used to separate the determined PAHs by the HPLC 
method.  The mobile  phase  employed an 
acetonitrile-water system administered in a gradient of 
concentrations from 45 do 95% of acetonitrile over 
a time of 35 minutes at a through flow rate of 1.3 to 1.5 
ml/minute Identification of peaks of particular PAHs was 
conducted by means of a UV diode-array detector (SPD-
M10AV) using two wavelengths of 254 and 300 nm, 
respectively. 

Separation, identification and quantitative determina-
tion by the GC method was conducted by means of an 
FID detector and a DB-1301 capillary column with 
a length of 30 m. and a diameter of 0.25 µ^n. Injection 
was performed by the cold on-column technique, using 
two temperature schedules. The first of these employs as 
follows: an initial temperature of 70°C for 1 minute, 
a temperature rise of 10°C/min to 130°C followed by 
a subsequent temperature rise at a rate of 3°C/minute, 
rising to a final temperature of 290°C, to be sustained for 
12 minutes. Total separation of the 16 determined PAHs 
occurred within 70 minutes. The second temperature 
schedule was characterized by a shorter time (35 mi-
nutes) and started at a temperature of 100°C for 1 mi-
nute, followed by a temperature rise of 8°C/minute to 
300°C and sustained for 9 minutes. 

In order to determine and separate PAHs by the TLC 
method, a bi-directional chromatographic technique was 
employed [21] and the plates covered with a mixture of 
aluminum oxide and acetylated cellulose. A quantitative 
assessment was conducted by comparing the intensity of 
spot fluorescence for individual compounds in UV light. 

Every soil sample was analyzed by the HPLC and GC 
method, employing the two aforementioned temperature 
programs. Comparing the results obtained by various 
techniques allowed for a satisfactory correspondence of 
results obtained. 

Recommended Documents which Provide the 
Legal Basis for the Discussion of Results 

The magnitudes of permissible concentrations serve 
as direct means for evaluating the level of pollution of 
the soil environment by polycyclic aromatic hydrocarbons 
at the stage of their determination and in recultivation 
processes. Among the data found in the literature there 
exist differences in the determination of allowable con-
centrations of sums, individual PAHs as well as numbers 
of determinations. In the Netherlands list [20], there was 

a proposal to determine 10 PAHs as well as their summa-
tions. Among these are: An, B(a)A, B(k)F, B(a)P, Ch, 
Fen, Fl, IP, B(ghi)P and Na. The Berlin List [20] is based 
on the recommendation of the American Environmental 
Protection Agency (US EPA) [21], which shows the de-
terminations of 16 PAHs, having various amounts of aro-
matic hydrocarbons as particles together with their sum-
mations. To this group belong: Na, Ace, Acn, Flu, Fen, 
An, Fl, Pir, Ch, B(a)A, B(b)F, B(k)F, B(a)P, IP, B(ah)A 
as well as B(ghi)P. 

Poland is subject to the recommendations of the 
"IUNG" [8] for soils employed for agricultural purposes, 
comparing the summative concentrations of PAHs with 
relation to the content in soil of organic substances 
(OM). The benchmark value has been set at 2.0% OM, 
which approximates the average content in the soils of 
our country. Soils have been divided into groups: 0 is the 
so-called "natural content," in which the value of 2 PAHs 
amounts to < 100 as well as I and II, which comprise 
unpolluted or slightly polluted soils, where the value of 
2 PAHs fluctuates from 100 to 600 µg/kg. Among pol-
luted soils have been included those where the 2 PAHs is 
between 600 to 1,000 µg/kg and among the extremely 
polluted ones, this value exceeds 1,000 Mg/kg. Soils con-
taining above 10,000 µg/kg 2 PAHs are unsuitable for 
agricultural purposes. 

Due to the fact that since 1994 Poland has been affili-
ated with the European Union, The State Inspectorate of 
Environmental Protection [20] has presented guidelines 
for soil pollution based on solutions employed by those 
countries. In establishing amounts of allowable pollution 
concentrations, the following elements have been con-
sidered: 
- the nature of the land area subject to pollution, 
- the hydro-geological properties of lands, which deter 

mine the rate of diffusion and proliferation of pollu 
tion, 

- the depth to which pollution occurs, something deci 
sive of the environmental threat posed. 
To account for the nature of the land development 

and use during the setting of norms for concentrations of 
polluting substances, a division into areas denoted as A,B 
and C has been performed. 

Area A includes, among others, those protected by 
law, mining areas, sources of mineral waters, areas that 
are the sources of natural underground water reservoirs. 

Area B includes cultivated lands, woodland areas, 
housing construction zones, recreational areas, rest areas 
and places of public utility. 

Area C includes industrial sites, liquid and solid fuel 
storage depots, communications routes (roads and racet-
racks), locomotive garages, waste disposal sites, military 
bases, airfields and areas of industrial crop cultivation. 

An additional element differentiating the borderline 
concentration of particular areas is the depth to which 
the pollution occurs. Due to the nature of the areas re-
quiring a uniform purity over the whole cross-section, 
area A is not further subdivided into classes according to 
depth. Areas B and C, on the other hand, have been 
further subdivided into three depth zones. 

In area B, Zone 1 has been designated to include 
depths of 0.0 to 0.3 m due to the reach of the root system 
of most of the cultivated plants grown there. Zone 2 has 
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Table 1. Allowable concentrations of PAH pollution of lands according to "PIOŚ", according to which a discussion of results has been 
conducted. 

 

 

been designated to include depths of 0.3 to 15.0 m, due 
to the indirect action on living organisms as well as the 
protection of underground waters, and Zone 3, which 
extends below a depth of 15 m. 

In area C, Zone 1 has been designated to include 
depths from 0.0 to 2.0 m, in which an increased level of 
pollution is allowable in connection with the activity con-
ducted thereon, as well as Zone 2 at a depth of from 2.0 
to 150 m, which is supposed to protect underground 
waters from pollution, as well as Zone 3, below a depth 
of 15 m. Zones B and C have been further subdivided 
into those soils that are permeable and less permeable. 

An evaluation of the pollution level is based on guide-
lines suggested by the State Inspectorate of Environ-
mental Protection ("PIOŚ") [20], which considers criteria 
concerning Area C, and in the case of communal garden 
plots, Area B. 

Table 1 shows allowable levels for PAH pollutant con-
centrations in areas A, B and C, according to "PIOŚ" 
guidelines. 

The PAH concentrations obtained by the gas 
chromatography technique (GC) and liquid chromatog-
raphy (HPLC) have been considered in the Tables, in-
cluding parameters of descriptive statistics: average (x 
ar.), minimum (min), maximum (max) values as well as 
standard deviations (Sx). 

Results and Discussion 

a) Soil samples from fuel stations. 
On the basis of soil sample testing from the grounds 

around the fuel station located at Wyspianskiego Str., it 
is clear that the highest concentrations were those of Acn 
(17.782 mg/kg) and Fl (26.012 mg/kg). The concentration 
of B(a)P was 7.194 mg/kg, and the level of the remaining 
polycyclic aromatic hydrocarbons was found to be be-
tween 0.288 and 7.194 mg/kg. The summative concentra-
tion of 16 PAHs did not exceed 250 mg/kg, an allowable 
value in the recommendations of "PIOŚ" 

Soil samples taken at the fuel station located at 
Glowna Str. are characterized by a differentiated content 
of the tested compounds, and in particular, a very high 
content of volatile hydrocarbons. The concentration of 
the dominant Acn amounted to 296 mg/kg, i.e. exceeding 
the value of 50 mg/kg allowable for each compound. This 
value, which is approximately 39% of the content of the 
sums of all PAHs was decisive in exceeding the allowable 
recommended value for the sum of PAHs in the soils 
tested at this station. 

b) Soil samples at busy crossroads. 
In the Poznan area, samples were taken as well at 

crossroads with large concentrations of traffic, at Rataje 
Circus, a square lying on a very busy thoroughfare, as 
well as other squares located in the city center. Within 
these samples was found the greatest content of such 
volatile hydrocarbons as Ace, Acn and Flu, quantities 
amounting to several ten thousands µg/kg as well as simi-
lar amounts of Fl. The concentrations of remaining 
PAHs fluctuated within several hundred to several 
thousand. The content of carcinogenic B(a)P was 
greatest in the sample gathered at Rataje Circus and 
amounted  to  4,443  µg/kg.  IP was  found  in  similar 
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Table 2. The results of PAH determinations in soil samples (n=5) from CPN fuel stations at Glowna Str. in Poznań. 

 

Table 3. Results of PAH determinations in soil samples (n=5) taken at the fuel station at the crossroads of Wyspianskiego, Matejki and 
Chetmonskiego Str. (Poznan). 
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Table 4. The results of PAH determinations in soils (n=5) from the crossing at Serbska and Lechicka Str. 

 

Table 5. The results of PAH determination in soil samples (n=5) from the crossing at Libelta Str. and Aleja Niepodleglosci. 
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Table 6. Results of PAH determinations in soil samples (n=5) from the crossing of Słowiańska and Urbanowska Str. 

 

Table 7. Results of PAH determinations in soil samples from (n=5) Kolegiacki Square. 
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Table 8. Results of PAH determinations in soil samples (n=5) from Wolności Square. 

 

Table 9. Results of PAH determinations in soil samples from (n=5) Cyryla Ratajskiego Square. 
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Table 10. Results of determining PAH in soil samples (n=5) from Rataje Circus. 

 

Table 11. Results of PAH determinations in soil samples (n=5) from Baltycka Str. from the roadside of the Gniezno-Warszawa route. 
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Table 12. The results of PAH determinations in soil samples (n=5) from the parking lot at Złotowska Str. 

 

Table 13. Results of PAH determinations in soil samples from (n=5) the parking lot near Collegium Chemicum of Adam Mickiewicz 
University near Grunwaldzka 6, Str. 
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Table 14. The results of PAH determinations of soil samples (n=5) from the parking lot near the Poznan municipal bus terminal. 

 

Table 15. Results of PAH determinations in soil samples (n=5) from the gravel racetrack in front of the starting line. 
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Table 16. Results of PAH determinations in soil samples from (n=5) the stadium green of the gravel racetrack (Site 1). 

 

Table 17. Results of PAH determinations in soil samples (n=5) from the stadium green of the gravel racetrack (Site 2). 

 

317Studies of Levels of Polycyclic ... 



 
Table 18. Results of PAH determinations in soil samples (n=5) taken near the car wash. 

 

Table 19. Results of PAH determinations in soil samples (n=5) from the communal garden adjacent to Złotowska Str. 
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Table 20. Results of PAH in soil samples (n=2) from the communal garden plot at Bałtycka Str. 
 

 

concentrations to B(a)P, whereas among the 16 tested 
PAHs, all tested samples showed minimal values of 
D(a,h)A. The summative content of all the tested com-
pounds, despite their relatively high content, did not ex-
ceed a value of 250 µg/kg. The results of testing were 
included in Tables 4 through 11. 

c) Soil samples from municipal parking lots, car 
washes and a gravel racetrack. 

Parking lots in the city center were another group of 
sites from which soil samples were taken. Tests have 
shown that in this case as well, the dominant hydrocar-
bon was Fl, and its content was at a level of several-score 
thousand. The sum of all PAHs was from 43.340 to 
88.055 mg/kg. The next place chosen for testing was the 
car park located near Collegium Minus of Adam 
Mickiewicz University. In this case, there was a decided 
dominance of Acn, and its content was approximately 
161 mg/kg, which surpassed the allowable amounts of 50 
mg/kg for this hydrocarbon. 

As a result of tests on soil samples originating from 
the gravel racetrack of the sports club "START" in 
Gniezno, it was determined that the content of sum-
mative PAHs is relatively low and is 53.215 mg/kg in the 
sample taken from the gravel racetrack and 22.267 and 
44.561 mg/kg in samples coming from the stadium's 
green. The results of PAH determinations are included 
in Tables 12 through 18. 

d) Soil samples from communal garden plots. 
The PAH content in soil samples originating from the 

area of the communal garden plots situated in the urban-
industrial agglomeration of the city was differentiated. 
The soil originating from garden plots found at Battycka 
Str. are characterized by a preponderance of Fl and An 
pollution at levels of 12.154 and 7.082 mg/kg. Soil samples 
coming from communal garden plots adjacent to 
Zlotowska Str. showed a preponderance of Acn 15.162 
mg/kg. Summative concentrations of polycyclic aromatic 
hydrocarbons determined in soils originating from com-
munal garden plots was in excess of the 20 mg/kg concen-
tration, being the allowable amount for Area B. There is 
a distinct influence of emission from traffic on the con-
centration of polycyclic aromatic hydrocarbons in the soi-
ls of gardens situated on the roadside green. The results 
of PAH determinations are listed in Tables 19 through 
20. 

Results obtained by the thin-layer chromatography 
technique (TLC) were approximately 40% lower than 
those obtained by GC and HPLC techniques. The reason 
for this is another procedure of preparing the sample, 
and the result is in half-amounts. Comparative results are 
presented in Table 21. 

Interpretation of Results 

This paper has presented the results of polycyclic aro-
matic hydrocarbons near the areas of communications 
routes, fuel stations, car washes and a gravel racetrack, 
which comprise Area C, as well as from communal gar-
den plots included in Area B. In the group of soils ori- 
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Table 21. Comparison of results of PAH determinations by gas chromatography (GC) and thin layer chromatography techniques (TLC). 
 

 

ginating from the municipal center, testing sites included 
were the crossroads of busy streets, rondos and squares 
as well as parking lots. In analyzing the results of PAH 
determinations of soil samples originating from the 
Poznan city center, it has been determined that volatile 
aromatic hydrocarbons are dominant among the 16 de-
termined compounds. Their concentration is within sev-
eral or several thousand µg/kg. These samples contain 
similar amounts of Fl, whereas the concentration of Ch, 
B(a)A, B(a)P, B(b)F and B(ghi)P fluctuated between 
several hundred to several thousand µg/kg. The sum-
mative content of PAHs determined at the crossing of 
Urbanowska and Slowianska Str. was 44.56 mg/kg, at the 
crossing of Libelta Str. and AJeja Niepodlegtosci - 118.4 
mg/kg, at Rataje Circus - 155.8 mg/kg. and at Kolegiacki 
Square - 93.3 mg/kg. These values are higher than those 
obtained in the urban areas of Katowice, Zabrze, Bytom, 
Lodz and Krakow [13]. British researchers who tested 
soils with relation to their content for 16 PAHs in areas 
subjected to their action in Great Britain [23] stated that 
the highest concentrations were those of Fl and Fen at 
55.3 and 50.7 mg/kg, respectively; Pir, B(a)A and Ch 
were within 20 to 39 mg/kg, and B(a)P was found in 
concentrations of 13.8 mg/kg. It is evident from these 
comparisons that urban areas in Poland are also subjec-
ted to anthropopressure characterized by a considerably 
lower value of polycyclic aromatic hydrocarbons [24, 25, 
26]. 

In analyzing the data originating from tests of soils 
sampled in the area around fuel stations it may be stated, 
that only in one case (the CPN at Giowna Str. - Table 2) 
did the dominant Acn appearing in amounts of 295.7 
mg/kg surpass the 250 mg/kg value allowable for £ PAHs 
in this area. Another site where a preponderance of Acn 
was noted, the car wash, showed a concentration of 160.8 
mg/kg. 

The summative content of PAHs in samples originat-
ing from the stadium of the gravel racetrack is low, and 
the dominant Fl occurs at levels of 8.500 to 15.330 mg/kg. 

Soils coming from communal garden plots situated 
within the municipal area of Poznan exceeded a value of 

 

1 mg/kg, which was the allowable amount according to 
the State Inspectorate of Environmental Protection [20] 
and, by the same token, disqualified it as an agricultural 
land according to the norms of the Institute of Soil 
Science   and   Plant   Cultivation   (IUNG)   (10   mg/kg 
Σ PAH). Similar testing was conducted on the communal 
garden plots within the Krakow [12] municipal area, 
which showed a content of Σ PAHs 930 µg/kg. 

A comparison of the tabulated results obtained from 
this research with those described by cited authors, 
allows for the statement that PAH content determina-
tions are much higher than those found in literature, 
probably because they were obtained from lands particu-
larly subjected to pollution. 

1600 determinations of individual PAHs in soil 
samples from the municipal area of Poznan and the 
gravel raceway in Gniezno indicate an exclusively local 
site-based anthropopressure as well as satisfactory prog-
ress in its biodegradation. 
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