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Abstract: The aim of the paper was to determine the stability and intensity of decomposition of selected
polycyclic aromatic hydrocarbons (PAHs) (anthracene, fluorene, pyrene, chrysene) in Luvisols. The study was
carried out based on soil samples representative of the Kujawsko-Pomorskie Region, collected from areas
exposed to and protected from direct contamination with PAHs. Soil samples were polluted with selected
PAHs at the amount corresponding to 10 mg PAHs/kg. The PAHs-polluted soil samples were incubated for
10, 30, 60, 120, 180 and 360 days at the temperature of 20-25 °C and fixed moisture — 50 % of field water
capacity. In this work High Performance Liquid Chromatography (HPLC) was applied. It was found that
majority of PAHs decomposed within first 30 days of the experiment. Decomposition of fluorene and
anthracene was much faster than for pyrene and chrysene. The lowest rate of PAHs decomposition was noted
for the samples of the soil with the highest content of organic carbon, carbon of the fractions of humic acids
and humins, which clearly points to an essential role of organic matter in the PAHs sorption processes.
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Introduction

Soil is an element of the natural environment in which there accumulates most
hydrophobic organic pollutants, including polycyclic aromatic hydrocarbons (PAHs)
[1]. PAHs are organic compounds which include from two to a dozen or so aromatic
rings. The structures of respective PAHs differ in the pattern of benzene rings in the
molecule and all the connected rings have two common carbon atoms. Ring bonds can
occur in various spatial patterns: linear (eg anthracene, tetracene), cluster (eg pyrene,
perylene) and angular pattern (phenanthrene, tetraphen) [2]. In general, PAHs, due to
their specific physicochemical properties and the resultant low susceptibility to
degradation are considered to be the so-called stable organic pollutants [3, 4].

! Department of Environmental Chemistry, University of Technology and Life Sciences, ul. Bernardynska
6, 85-029 Bydgoszcz, Poland, phone: +48 52 374 95 11, fax: +48 52 374 95 05, email: magdybe@poczta.fm,
debska@utp.edu.pl



226 Magdalena Banach-Szott et al

PAHs which occur in the soil environment can be of autogenic origin (formed as
a result of humification) and exogenous, connected with the deposition of particulate
matter from burning fossil fuels and biomass [5]. With that in mind, their presence
ranges a lot, depending on the location, the type and method of soil use. The highest
PAHs level (20000 pg/kg) is reported in the soils of big cities, along the roads, in the
vicinity of industrial plants [6—9], while in the soils of arable fields, meadows and other
agricultural land it usually does not exceed 100400 pg/kg [3, 4, 10, 11].

According to Bojakowska and Sokolowska [12], the composition and amount of
PAHs in soil is a derivative of two parallel processes which occurs in soil. The first one
is the formation of new compounds as a result of the deposition of PAHs from the
anthropogenic sources and the degradation of organic remains, while the second process
covers a microbiological degradation of hydrocarbons which occurs with the participa-
tion of fungi, bacteria and Actinobacteria [13—15]. Interestingly, microbiological
processes are the only way of a complete PAHs decomposition in the soil environment.
PAHs in soils also undergo abiotic transformations, namely sorption, leaching, reactions
with other compounds and photodegradation [6, 10, 16—-19].

One of the key parameters affecting the amount of PAHs in soil is the content of
organic matter. Organic matter shows a high sorption potential, and the stability of
hydrocarbons in soil depends considerably on that process. As a result of sorption their
mobility and PAHs availability to microorganisms decrease [20-22]. For the processes
of PAHs sorption by organic matter not only its total content but also its quality
composition are very important [23-26]. In general it is assumed that humins show
a much greater sorption capacity towards PAHs than humic acids which, in turn, can
sorb those hydrocarbons stronger than fulvic acids [26, 27].

Discussing PAHs transformations in soil, one shall note such factors as moisture, pH,
temperature, oxygen access. PAHs demonstrate the highest stability in the air-dry soils
(1 % field water capacity). The decomposition of PAHs is most intensive in the soils of
the moisture falling within the range of 50 to 65 % field water capacity. In the soils of
a higher water content (moisture above 65 % field water capacity) there is observed
another decrease in the PAHs decomposition rate [28-30].

Yet another factor affecting the hydrocarbons decomposition intensity is temperature.
The temperature optimal for bacteria and fungi decomposing PAHs is 1538 °C. Below the
thermal optimum there occurs an inhibition of growth and soil microflora activity and a
decrease in the biochemical reactions rate leading to the decomposition of PAHs [30-32].

The soil reaction, in turn, affects both the PAHs sorption processes and its biological
activity. In the acid soils there is observed an increase in the intensity of the sorption
process, and thus, a slow-down in the biological transformations of PAHs [23, 33-35].
The pH optimal for PAHs-decomposing microorganisms is 6.5-7.5. Although fungi
develop well in the environment showing a slightly acid reaction (pH 4.5-6.0), the key
role in the PAHs decomposition is played by bacteria. For that reason in the soils of low
pH there occurs a decrease in the decomposition rate of those compounds, caused by
a decreased activity of microorganisms.

The PAHs stability in soil also depends on the structure and the properties of
hydrocarbons only. It was found that the higher the number of rings in the compound,
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and thus the higher the molecular weight, the lower the decomposition rate, which is
related to an increased PAHs hydrophobicity and a strong adsorption by soil as well as
the fact that they are more resistant to the microbiological attack [27, 36, 37].

The aim of the paper was to determine the stability and intensity of decomposition of
selected polycyclic aromatic hydrocarbons (PAHs) (anthracene, fluorene, pyrene,
chrysene) in Luvisols.

Materials and methods

Research material

The research was performed based on the Luvisols representative for the Region of
the Kujawy and Pomorze, taken from the areas exposed to a threat and not exposed to
any such threat of direct pollution with PAHs. The following soils were considered:
samples number 3, 4 — sampled from the location of Bielawy (the soil exposed to
a threat (3) and not exposed to any such threat (4) of direct effect of PAHs); sample
number 5 — Orlinek (soil not exposed to the threat of PAHs pollution); sample number 7
— Slesin in the vicinity of Bydgoszcz (soil exposed to the effect of PAHs). The basic
properties of soils used in the experiment are given in Table 1.

Table 1
The granulometric composition of the soils, the content of total organic carbon (TOC)
and nitrogen (N,) as well as the content of respective fractions of organic carbon
Percentage sharc? of respective fra- TOC N, Ciine Cine Chomi
ctions
Sample
2-0.05 |0.05-0.002 | >0.002
mm mm mm [e/ke]
Luvisol (Lu3W) 82 18 0 12.80 0.66 3.906 2.094 5.546
Luvisol (Lu4W) 84 11 5 6.63 0.50 2.543 1.657 1.780
Luvisol (LuSW) 75 19 6 11.74 1.03 3.424 2.906 4.388
Luvisol (Lu7W) 64 26 10 13.77 1.26 4.835 2.645 5.482

Soil samples were polluted with selected PAHs (fluorene, anthracene, pyrene and
chrysene), at the amount corresponding to 10 mg PAHs/kg. The PAHs-polluted soil
samples were incubated for 10, 30, 60, 120, 180 and 360 days at the temperature of
20-25 °C and fixed moisture (50 % of field water capacity).

After the completion of incubation, the samples were dried at room temperature were
mixed and sieved.

Determining the PAHs content in soil

The content of PAHs (fluorene, anthracene, pyrene and chrysene) was determined in
the samples of initial soils and after 10, 30, 60, 120, 180 and 360 days with the use of
High Performance Liquid Chromatography. PAHs from the soils were extracted with
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cyclohexane applying the Soxhlet apparatus. The extracts were evaporated to dryness,
and the rest was solved in 4 cm® acetonitrile (ACN).

The chromatographic separation of PAHs-containing solutions was made using the
liquid chromatograph HPLC Series 200 provided by Perkin-Elmer equipped with
a DAD (absorption) and FL (fluorescence) detector. There was applied an analytic
column to separate PAHs provided by Waters of the particle size of 5 um and
250 - 4.6 mm in size. The mobile phase was composed of eluent A: H,O and eluent B:
ACN. There was used a gradient separation program of a varied flow rate. The initial
composition of the mobile phase was 70 % of eluent B and its concentration was
growing linearly in the analysis time. Gradient was completed after 34 min when the
content of eluent B was 100 %.

The extracts of the unpolluted (initial) soil samples were analysed with the
fluorescence detector applying excitation wavelength A, = 250 nm and emissions
Aem = 405 nm. The injection was 10 mm’.

The extracts of the samples of soils polluted with PAHs, incubated 10, 30, 60, 120,
180 and 360 days were analysed with the absorption detector. The detection was made
at A = 254 nm. The injection was 100 mm’.

The qualitative analysis of respective hydrocarbons was made with a comparison of
soil extracts chromatograms with the model mixtures chromatograms.

The quantitative assays of fluorene, anthracene, pyrene and chrysene were made
based on their model curves.

Results

The basic properties of the soil sampled from the sites exposed to and non-exposed to a
direct effect of PAHs are given in Table 1. The highest content of total organic carbon
(TOC), total nitrogen (Nt) and the share of fine fraction was found for Luvisol (Lu7W).
The lowest content of TOC and Nt was reported for the soil sampled at Bielawy — Lu3W.

The contents of PAHs recorded for the initial samples of soils from the sites located
close to transport routes (Lu3W and Lu7W) and away from them (Lu4W and Lu5W)
are given in Table 2.

Table 2
Contents of PAHs in the soil samples
Fluorene Anthracene Pyrene Chrysene Sum
Sample
[ng/kel

Lu3W 57.1 0.94 7.39 24.1 89.5
Lu3W’ 2557 2501 2507 2524 10090
Lu4W 4.00 1.08 6.45 9.80 213
Lud4W’ 2504 2501 2506 2510 10021
LuSW 15.1 2.15 9.70 7.14 34.1
LuSW’ 2515 2502 2510 2507 10034
Lu7W 193 15.7 246 99.0 553
Lu7W’ 2693 2516 2746 2599 10553
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It was shown that the highest contents of the PAHs analyzed (anthracene, pyrene,
chrysene and fluorene) were recorded for soil sample Lu7W, exposed to a direct effect
of PAHs, while the soil sampled from the sites away from transport routes (Lud4W,
Lu5W) showed the lowest PAHs contents, except for anthracene the lowest content of
which was recorded for sample Lu3W.

Changes in the content of selected PAHs during incubation

The changes in the PAHs content reported for the Luvisol sampled at Bielawy in the
vicinity of the transport route (Lu3) are given in Fig. 1 (sample Lu3W’ refers to soil
sample Lu3W additionally polluted with 4 selected PAHs (fluorene, anthracene, pyrene
and chrysene), however, the amount of each of the PAHs was 2500 pg/kg). It was
demonstrated that the contents of fluorene, anthracene, pyrene, chrysene in the samples
decreased with the incubation time (Fig. 1). The highest decrease in PAHs, as compared
with the initial content, was recorded for the sample after 10 days of incubation for
which there was recorded a 64.6 % decrease in the initial content of fluorene, a 89.7 %
decrease in the content of anthracene and by 59 % — pyrene. Over the 1% 10 days of
incubation the lowest decrease was noted for chrysene — 28.7 % of its initial content.
Over the successive periods of incubation: 10-30 and 30-60 days, the amount of
chrysene which underwent decomposition accounted for 25.8 % and 31.2 % of its initial
content, respectively. The lowest PAHs contents were recorded for the soil samples
after 360 days of the experiment. The content of fluorene accounted for 3.8 % of its
initial content, anthracene — 1.2 %, pyrene — 8.3 % and chrysene 9 %.

—<&— fluorene

—@— anthracene
A— pyrene

—>¢— chrysene

% of the initial content

LudW  Lu3.1 Lu3.2 Lu3.3 Lu3.4 Lu3.5 Lu3.6

Number of sample*

Fig. 1. Changes in the content of selected PAHs during incubation in the soil sampled at Bielawy (* — Lu3W
— initial soil, Lu3.1 — after 10 days of incubation, Lu3.2 — 30 days, Lu3.3 — 60 days, Lu3.4 — 120
days, Lu3.5 — 180 days, Lu3.6 — 360 days
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In the Luvisol sampled also at Bielawy (Lu4) (Fig. 2), however, at the sampling site
away from the transport route, the amount of the decomposed PAHs over the first 10
days of incubation was higher than in soil samples Lu3 (Fig. 1). At the first stage of
incubation in soil samples Lu4 91.6 % anthracene, 88.5 % fluorene, 72.7 % pyrene and
48.3 % chrysene was decomposed, as compared with their initial contents. The lowest
PAHs contents were reported for the samples of soils after 360 days of the experiment:
as for fluorene — 3.1 % of the initial content, anthracene — for 1.1 %, pyrene —for 6.3 %,
and chrysene — for 7.1 %.
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Fig. 2. Changes in the content of selected PAHs during incubation in the soil sampled at Bielawy
(* — denotation as in Fig. 1)

The contents of fluorene, anthracene, pyrene, chrysene during the incubation in
Luvisol sampled at Orlinek are given in Fig. 3. After the first 10 days of incubation the
highest decrease was recorded for fluorene — 82.7 % of its initial content and anthracene
— 85.1 %. The decrease in the content of pyrene and chrysene was much lower and it
accounted for 56.7 % for pyrene and 41.8 % for chrysene. There was noted, however,
a high decrease in those PAHs from the 11™ to the 30™ day of incubation (for chrysene
by 77.3 %, and for pyrene by 77.9 % of the initial content). Finally, after 360 days of
the experiment, the content of fluorene accounted for 3.3 % of its initial content,
anthracene — 1.2 %, pyrene 6.2 % and chrysene — 7.2 %.

The changes in the content of the PAHs investigated in the Luvisol sampled at Slesin
(Lu7) are broken down in Fig. 4. At the first stage of the experiment, for the first
10 days, there was reported the highest decrease in the content of anthracene (65.8 % of
the initial content), while as for fluorene, pyrene, and chrysene, the highest decrease
was recorded 30 days after the start of the experiment, respectively by 70.6 %, 45.6 %
and 45.1 % of their initial content. The amount of PAHs which remained non-



Decomposition Rate of Anthracene, Fluorene, Pyrene and Chrysene in Luvisols 231

100

80
€
Q
<
8 604
T —<&— fluorene
'i N —l— anthracene
o'c- 40 -
© A— pyrene
ES

—>¢— chrysene
20 N
0

LusW  Lub5.1 Lu5.2 Lu5.3 Lu5.4 Lu5.5 Lub5.6

Number of sample*

Fig. 3. Changes in the content of selected PAHs during incubation in the soil sampled at Orlinek
(* — denotation as in Fig. 1)

-decomposed after 360 days of incubation was as follows: for anthracene — 2.3 % of the
initial content, for fluorene — 3.6 %, for pyrene — 6.3 %, and for chrysene 8.6 % (Fig. 4).
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Fig. 4. Changes in the content of selected PAHs during incubation in the soil sampled at Slesin v/Bydgoszcz
(* — denotation as in Fig. 1)

The content of the sum of the PAHs investigated in the Luviso/ samples during the
incubation is given in Table 3. After the first 10 days of the experiment the highest
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decrease in the content of the sum of PAHs was noted for soil sample Lu4 — 75.3 % of
the initial content. The lowest decreases in the sum of PAHs (60.5 % and 66.6 %) were
recorded for soil samples Lu3 and Lu5, respectively. As for soil sample Lu7, on the
other hand, there was noted only a 28.4 % decrease in the contents of the sum of PAHs.
Once the incubation was completed, the content of the sum of PAHs in the soil sampled
at Bielawy and at Orlinek was higher than its initial content (Table 3). In the soil
sampled at Slesin after 360 days, the content of the sum of PAHs was similar to its
initial content.

Table 3

Content of the sum of PAHs during the incubation

Sum [pg/kg]
Sample

Lu3 Lu4 Lu5 Lu7
w 89.5 21.3 34.1 553
w’ 10090 10021 10034 10553
10 days 3990 2479 3352 7558
30 days 2903 1671 1564 3928
60 days 2064 1315 1141 2849
120 days 1379 1090 715 2109
180 days 1032 684 543 1320
360 days 563 440 449 552

Table 4 presents the times of partial PAHs decomposition for two stages (0-30 days
and 30-180 days) and for the entire incubation period (0-360 days).

Table 4
Partial decomposition time (T;,) — PAHs in soils at various experiment stages

PAHs Period Lu3 Lu4 Lus Lu7
0-30 12.63 9.04 9.59 17.00
Fluorene 30-180 92.42 117.98 94.08 111.4
0-360 76.47 71.46 73.16 75.04
0-30 8.23 8.15 7.54 8.45
Anthracene 30-180 77.25 58.61 72.2 20.4
0-360 56.9 55.18 56.86 66.27
0-30 19.73 15.74 13.76 34.16
Pyrene 30-180 92.7 123.33 108.22 58.28
0-360 100.2 90.27 89.59 90.24
0-30 32.6 13.79 14.04 34.68

Chrysene 30-180 113.8 135.4 98.3 140
0-360 103.39 94.28 94.72 101.78
0-30 16.69 11.61 11.19 21.04
Sum 30-180 100.51 116.38 98.26 95.32
0-360 86.44 79.82 80.30 84.55
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At the initial stage there were noted the lowest values of the partial PAHs
decomposition, which means that the transformations of hydrocarbons over that period
were most intensive. The highest decomposition rate was recorded for anthracene; the
lowest values of the partial decomposition time in the soil samples, whereas the lowest
rate was noted for chrysene for which the highest T;, values were recorded.
Interestingly, over that period fluorene, anthracene, pyrene and chrysene were under-
going the slowest transformations in the case for the soil sample exposed to a direct
effect of PAHs, sampled at Slesin (Lu7). Throughout the incubation period, similarly as
over the first 30 days, the highest decomposition rate was noted for anthracene (the
lowest values of parameter Tj),).

Discussion

The content of PAHs in soils was determined by the sampling site. In the soils not
exposed to a direct effect of PAHs there were noted low contents of those compounds
(Table 2). Similar relations were reported by Adamczewska et al [8] and Zerbe et al
[11]. Higher PAHs contents were recorded for the soil sampled in the close vicinity of
the transport route, namely exposed to a direct effect of those compounds. A few-fold
higher PAHs contents in soils exposed to intensive effects of transport coincide with the
results reported by Adamczewska et al [8] and Kluska and Kroszczynski [9]. Weiss et al
[13] and Wilcke and Amelung [19] report that high contents of such PAHs as
anthracene, pyrene or chrysene point to an intensive human impact on the environment.

Interestingly, soil sample Lu3W sampled at the site exposed to a direct effect of
PAHs showed lower PAHs content than soil sample Lu7W, also sampled at the site
exposed to a direct effect of PAHs (Table 2), which demonstrates a moderate
anthropopressure for soil Lu3W.

In all the soils investigated the highest decomposition of the compounds analysed
occurred over the first 10 days of the experiment and then from the 11™ to the 30 day
of incubation (Figs 1-4). Similar relationships were reported by Maliszewska-Kordybach
[35] demonstrating the highest PAHs losses in the first 30 days of soil sample
incubation. According to Maliszewska-Kordybach [30, 33] and Maliszewska-Kordybach
and Masiak [34], such high decreases in the PAHs content at the first decomposition
stages are mostly due to microbiological processes. The reason of such a fast
decomposition of the hydrocarbons analysed at the initial period of incubation by soil
microorganisms are the experimental conditions: moisture: 50 % of field water capacity,
temperature 20-25 °C. As reported by Bossert and Bartha [28] as well as Maliszewska-
-Kordybach [29], soil moisture ranging from 37 to 65 % of field water capacity creates
optimal conditions for the development of soil microflora participating in the de-
composition of PAHs. Whereas 15-38 °C is the temperature optimal for bacteria and
fungi which take part in PAHs decomposition [30-32].

A fast decomposition at the initial stage of the experiment was observed for fluorene
and anthracene, as compared with pyrene and chrysene, which is due to the fact that the
rate of microbiological decomposition is higher for the compounds of a lower molecular
weight and a lower number of aromatic rings. According to Maliszewska-Kordybach
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[33] 3-ring fluorene and anthracene can be not only decomposed but also used by
bacteria as the source of carbon and energy.

As for fluorene and anthracene, a high decrease in their content over the first 30 days
of incubation can be due to abiotic transformations which are a result of chemical
oxidation, photodegradation, sorption, oxidation and leaching [16, 33]. Interestingly,
however, the conditions of the experiment made the photodegradation and leaching
impossible. One can assume that in their case it was oxidation which triggered
considerable soil loss mechanism, which is seen from the physicochemical properties of
those compounds. Henry’s constants for fluorene and anthracene fall within the range
10° < H < 10° atm/mol/m® classified as the range for compounds of moderate
volatility [16].

A high stability of pyrene and chrysene in the soil samples is connected with their
low susceptibility to oxidation, which is seen from a low vapour pressure and low
solubility in water [2]. Other causes of high resistance of those compounds to the
processes of decomposition can be found in their structure. The pattern of pyrene and
chrysene rings shows a high thermodynamic stability [16]. A greater stability of 4-ring
hydrocarbons is also due to their stronger sorption by organic matter which, as a result,
limits the bioavailability of those PAHs. The lowest intensity of decomposition among
the PAHs was recorded for chrysene, a compound of the highest molecular weight.

The coefficients of correlation recorded between the time of partial PAHs de-
composition and the content of TOC, the content of Cyus and Cyyyn show that the
intensity of decomposition of fluorene, anthracene and chrysene was also determined by
soil properties (Table 5). The lowest decomposition rate for the first 30 days was found
for soil sample Lu7 of the highest, of all the soils, content of organic carbon, carbon of
the fraction of humic acids and humins (Table 1). The above relationships confirm the
role played by organic matter in PAHs sorption processes. Many authors [3, 21, 22, 30]
claim that PAHs sorption by the organic soil fraction is the basic process determining
the activity and the bioavailability of hydrocarbons in the soil environment.

Table 5

Significant values of the coefficients of correlation between the time of partial PAHs decomposition
and selected parameters defining soil properties

Fluorene Anthracene Pyrene Chrysene Sum
Parameter
T, for 0-30 days
TOC [g/kg] 0.749 — — 0.757 0.711
Cuas [g/ke] 0.946 — — 0.868 0911
Chumm [g/kg] 0.723 — — 0.799 0.708
T, for 0-360 days
TOC [g/kg] 0.852 0.658 — 0.744 0.732
Cuas [g/kg] 0.775 0.886 — 0.788 0.740
Chumi [g/kg] 0.921 0.578 — 0.813 0.812

The PAHs stability investigated in all the Luviso/ samples was increasing in the
following order: chrysene > pyrene > fluorene > anthracene.
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Conclusions

1. The contents of PAHs (fluorene, anthracene, pyrene and chrysene) in the samples
of soils additionally unpolluted with PAHs depend on the sampling site. Higher PAHs
contents were recorded for the soil sampled in a close vicinity of the transport route, as
compared with the soil sampled away from the transport route.

2. The decomposition rate of PAHs introduced into soils depended on the experiment
duration. The PAHs degradation process was most intensive for the first 30 days of
incubation.

3. The PAHs decomposition intensity at the initial stage of incubation depended on
the PAHs properties. A higher decomposition rate, as compared with pyrene and
chrysene, was noted for anthracene and fluorene, as the compounds of a lower
molecular weight and a lower number of aromatic rings.

4. The lowest PAHs decomposition rate was recorded for the samples of soil with the
highest content of organic carbon, carbon of the fraction of humic acids and humins,
which clearly points to an essential role of organic matter in PAHs sorption processes.
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SZYBKOSC ROZKEADU ANTRACENU, FLUORENU, PIRENU I CHRYZENU
W GLEBACH PLOWYCH

Katedra Chemii Srodowiska, Wydziat Rolnictwa i Biotechnologii
Uniwersytet Technologiczno-Przyrodniczy w Bydgoszczy

Abstrakt: Celem pracy byto okreslenie trwatosci i intensywnosci rozktadu wybranych wielopierscieniowych
weglowodorow aromatycznych (fluorenu, antracenu, pirenu i chryzenu) w glebach ptowych. Do badan po-
brano probki gleb reprezentatywne dla Regionu Kujawsko-Pomorskiego z terendw narazonych i nienarazo-
nych bezposrednio na zanieczyszczenia WWA. Probki gleb zanieczyszczono wybranymi WWA w ilosci
odpowiadajacej 10 mg WWA/kg. Zanieczyszczone WWA probki gleb inkubowano 10, 30, 60, 120, 180 i 360
dni w temperaturze 20-25 °C i w statej wilgotnosci — 50 % polowej pojemnosci wodnej. W celu oznaczenia
zawartosci WWA zastosowano metodyke wykorzystujaca wysokosprawng chromatografi¢ cieczowa (HPLC).
Stwierdzono, ze najwigcej] WWA rozktadato si¢ w czasie pierwszych 30 dni prowadzenia doswiadczenia, przy
czym fluoren i antracen rozktadaly si¢ zdecydowanie szybciej niz piren i chryzen. Najwolniejszy rozktad
WWA zachodzit w probkach gleby charakteryzujacej si¢ najwyzsza zawartoscia wegla organicznego, wegla
frakeji kwasow huminowych i humin, co w sposob jednoznaczny wskazuje na istotng rol¢ materii organicznej
w procesach sorpcji WWA.

Stowa kluczowe: WWA, HPLC, gleby ptowe








