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Abstract: The aim of the present paper was to determine the effect of soil pollution with polycyclic aromatic

hydrocarbons (PAHs) on the properties of humic acids. The study was carried out based on Luvisols samples

representative of the Kujawsko-Pomorskie Region, collected from areas exposed to and protected from direct

pollution with PAHs. 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 oC and fixed moisture (50 % of field water

capacity). From the soil samples, before and after 180 and 360 days incubation, there were isolated humic

acids (HAs), applying the common IHSS method. For isolated HAs the following analyses were made:

elemental composition, UV-VIS and IR spectra spectrometric analysis, susceptibility to oxidation and

hydrophilic and hydrophobic properties was determined with HPLC used. It was demonstrated that

introducing PAHs into soils resulted in a change in some quality parameters of humic acids. There were found

eg a decrease in the value of the degree of internal oxidation, an increase in the intensity of absorption bands

in the range 1520–1000 cm–1, an increase in the susceptibility to oxidation, a decrease in the share of

hydrophilic fractions and an increase in the hydrophobic fractions. The soil pollution with PAHs is, therefore,

one of the many factors which can modify the humic acids properties.
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Polycyclic aromatic hydrocarbons (PAHs) are considered, due to their strong

carcinogenic effect and mutagenic properties, to represent the group of pollutants most

harmful to the human health. PAHs constitute a group of organic compounds containing

from two to a few and even a dozen or so aromatic rings. The structures of respective

PAHs differ in their distribution of benzene rings in the molecule, and all the connected

rings have two common carbon atoms [1–4].
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PAHs are common all across the natural environment, however it is estimated that

over 90 % of the total amount of those compounds is found in soil [1]. PAHs are mostly

retained in the soil humus layer [5].

Humus is a complex and relatively resistant-to-decomposition mixture of brown and

dark brown amorphous colloidal substances, produced as a result of the transformation

(humification) of organic residue (plant and animal residue) mostly due to macro- and

micro-organisms or/ and as a result of synthesis by various soil organisms [6]. The main

humus component are humus substances which are organic compounds most common

in nature. A high share of humus substances as well as their specific chemical structure

and the content of functional groups make their properties determine the role of humus

in the natural environment. The compounds take part in all the processes, which occur

in soil and affect its physical, chemical and biological properties [7]. Humus plays basic

functions in developing the soil production potential as well as, by participating in

global carbon cycle, it also performs many environmental functions, which result from

carbon transport to surface and ground waters and to the atmosphere [8]. Organic matter

is, thus, the main link in the sequestration of carbon and releasing CO2 to the

atmosphere as well as in the detoxifying the environment [9].

As reported in literature [1, 10–16], an important parameter which determines the

immobilization of PAHs by soils is the quantity and the quality of organic matter.

Humins show a greater sorption capacity of PAHs than humic acids, while humic acids

bind PAHs stronger than fulvic acids [17, 18]. However, Pan et al [19] stress that PAHs

are sorbed definitely faster by humic and fulvic acids than humins. Barancikova and

Gergelova [12] and Plaza et al [20] show the effect of the structure (properties) of the

molecules of humic acids on the amount of adsorbed PAHs. As reported by Kim and

Kwon [15], the sorption properties of humic acids towards PAHs increase with an

increase in PAHs hydrophobicity.

The knowledge of the mechanisms of the effects of pollutants which enter the soil,

such as eg PAHs, provides a potential of defence from unfavourable phenomena and so

it seems a very important, besides common domestic and foreign measurements of

PAHs concentrations and the factors affecting the rate of their decomposition and

bioavailability, to determine the effect of polycyclic aromatic hydrocarbons on the

properties (quantity and quality) of humus substances of soils.

The aim of the present paper was to determine the effect of soil pollution with PAHs

on the properties (structure) of humic acids. The research was performed based on the

soil samples artificially polluted with selected PAHs (anthracene, pyrene, fluorene,

chrysene) and with the use of a wide spectrum of instrumental analyses.

Material and methods

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 consider-

ed: samples symbol Lu3, Lu4 – sampled from the location of Bielawy (the soil exposed

to a threat (Lu3) and not exposed to any such threat (Lu4) of direct effect of PAHs);
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sample symbol Lu5 – Orlinek (soil not exposed to the threat of PAHs pollution); sample

symbol Lu7 – Œlesin in the vicinity of Bydgoszcz (soil exposed to the effect of PAHs).

The basic properties of the soils used in the experiment are broken down in Table 1.

Table 1

Basic properties of Luvisols

Sample
TOC

[g/kg]

Nt

[g/kg]
TOC/Nt

2–0.05 mm

[%]

0.05–0.002 mm

[%]

< 0.002 mm

[%]

Lu3 12.80 0.66 19.39 82 18 0

Lu4 6.63 0.50 13.26 84 11 5

Lu5 11.74 1.03 11.40 75 19 6

Lu7 13.77 1.26 10.93 64 26 10

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 360 days at the temperature of 20–25 oC and fixed moisture

(50 % of field water capacity).

Humic acids were extracted from soil samples prior to the incubation (ad-

ditionally non-polluted with PAHs), and after 180 and 360 days of incubation (the

soil samples additionally polluted with PAHs) with 0.5 mol/dm3 NaOH solution after

earlier removal of carbonates with 0.01 mol/dm3 HCl. Humic acids were precipitated

with HCl solution at pH = 2 and then purified with the mixture HCl + HF. The

preparations were lyophilised and powdered in agate mortar [21]. Ash content in the

humic acids preparations was lower than 2 %. The humic acids separated were analysed

for:

– elemental composition (Perkin Elmer 2400 CHN analyser). The H/C, O/C, O/H,

N/C atomic ratios and � (internal oxidation degree) were calculated according to the

formula:

� = (2O + 3N-H):C,

where: O, N, H, C – content in atomic %;

– UV-VIS absorption spectra (Perkin Elmer UV-VIS Spectrometer, Lambda 20). VIS

spectra were obtained from 0.02 % humic acid solutions in 0.1 M NaOH and

UV-spectra after fivefold dilution. Absorbance was measured at 280 nm (A280), 400 nm

(A400), 465 nm (A465), 600 nm (A600) and 665 nm (A665) was used to calculate

coefficient values:

A2/4 – 280 nm and 465 nm absorbance ratio

A2/6 – 280 nm and 665 nm absorbance ratio

A4/6 – 465 nm and 665 nm absorbance ratio

�logK = log A400 – log A600 [22];
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– susceptibility to oxidation with H2O2 by the measurement of HAs solution

absorbance (0.02 % HAs and 1.5 % H2O2 in 0.1 M NaOH) at 465 and 665 nm. The

susceptibility to oxidation was calculated from the following formula:

%Ax = ((A0 – Au)/A0) � 100 %

where: x – wavelength (465 and 665 nm), A0 – initial absorbance (prior to adding

H2O2), Au = absorbance after oxidation [23];

– infrared spectra (Perkin-Elmer FT-IR Spectrometer, Spectrum BX) over 400–4400

cm–1 were obtained for HAs (3 mg) in KBr (800 mg). Deconvolution was applied, with

a filter making the bands of � = 4 narrower, and using the process of smoothing, for

which the length parameter was l = 80 % [24, 25];

– hydrophilic and hydrophobic properties were determined with liquid chromato-

graph HPLC Series 200 with DAD detector by Perkin-Elmer. The separation involved

the use of column X-Terra C18, 5 �m, 250 × 4.6 mm. The solutions of humic acids

were applied in 0.01 mol/dm3 NaOH of the concentration of 2 mg/cm3; injection of

the sample – 100 mm3; solvent – acetonitril–water; solvents flow in the gradient (ratio

H2O : ACN (v/v) over 0–6 min – 99.5 : 0.5, 7–13 min – 70 : 30, 13–20 min – 10 : 90);

detection – at the wavelength of 254 nm. Based on the areas determined under peaks,

the share of hydrophilic (HIL) and hydrophobic (�HOB = HOB-1 + HOB-2) fractions

in humic acid molecules and the parameter: HIL/�HOB were determined [24, 26–28].

Results and discussion

One of the basic parameters characteristic for the structure of humic acids (HAs) is

their elemental composition. The elemental composition of the humic acids analyzed is

presented in atomic % (Table 2). The content of carbon in the molecules of humic acids

ranged from 34.36 to 35.93 %, hydrogen from 40.93 to 44.16 %, nitrogen from 2.46 to

2.97 % and oxygen accounted for 18.51–20.70 %. The basic factor differentiating the

content of respective elements was the sampling site. Introducing selected PAHs

(chrysene, pyrene, anthracene, phenanathrene) into soil samples only slightly modified

the content of hydrogen.

The changes in the content of hydrogen in the molecules of humic acids resulted in

the changes in the value of the parameter determining the degree of internal oxidation

(Table 2). There was demonstrated a decrease in the value of that parameter in the

molecules of humic acids isolated from the samples additionally polluted with PAHs.

The lowest values of the degree of internal oxidation were reported for the HAs of the

soils isolated from the samples after 360 days of incubation. Interestingly, the intensity

of changes in the degree of internal oxidation differed for the soils investigated. The

smallest changes in the value of that parameter were recorded for the HAs of the soil

sampled at Orlinek (Lu5). As it is seen from the data presented in Table 2, the decrease

in the value of parameter � must have been due to the increase in the degree in the

hydrogenation of the molecules of humic acids as a result of the transformations of

PAHs introduced into soils.
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Table 2

Elemental composition [atomic %] of humic acids and the values of atomic ratio

and the degree of internal oxidation

Sample C H N O H/C N/C O/C �

Lu3 34.74 43.67 2.64 18.95 1.26 0.076 0.546 0.061

Lu3V* 34.55 44.16 2.78 18.51 1.28 0.080 0.536 0.035

Lu3VI 34.76 44.08 2.57 18.59 1.27 0.074 0.535 0.023

Lu4 35.13 42.56 2.97 19.34 1.21 0.085 0.550 0.143

Lu4V 34.52 42.94 2.67 19.87 1.24 0.077 0.576 0.139

Lu4VI 34.81 43.50 2.66 19.03 1.25 0.077 0.547 0.073

Lu5 35.93 40.93 2.56 20.59 1.14 0.071 0.573 0.220

Lu5V 35.47 41.35 2.48 20.70 1.17 0.070 0.584 0.212

Lu5VI 35.72 41.48 2.46 20.34 1.16 0.069 0.569 0.183

Lu7 34.36 43.06 2.74 19.84 1.25 0.080 0.577 0.141

Lu7V 35.08 42.67 2.82 19.44 1.22 0.080 0.554 0.132

Lu7VI 34.95 43.16 2.78 19.11 1.23 0.079 0.547 0.097

* V – stands for the samples after 180 days of incubation, VI – samples after 360 days of incubation.

Important parameters used to determine the properties of humic acids and to evaluate

the transformations of organic matter in the soils are spectrometric parameters in the

UV-VIS range. Although the pattern of the spectra of humic acids in the UV-VIS range

is in the form of a monotonically decreasing line, however, based on many-year

research there were demonstrated some relationships between the values of absorbance

at the wavelengths of 280, 465 and 465 nm and the structure of humic acids. It is

commonly assumed that the value of absorbance at 280 nm defines the content of

lignin-type compounds, A465 value – the content of substances at the initial stage of

decomposition, while A665 reflects the content of substances with a high degree of

humification. The values of absorbance at the wavelength of 280, 400, 465, 600 and 665

nm are used to calculate the ratios of absorbance A2/4, A2/6, A4/6 and coefficient �logK.

Coefficients A2/4, A2/6, A4/6 and �logK are important indices of the degree of

advancement of the process of humification of organic materials and the characteristics

of the humus substances produced [22–24, 29]. Among the humic acids of the initial

soils (additionally non-polluted with PAHs), the most important values of A2/4, A2/6,

A4/6 and �logK were recorded for the HAs isolated from the Luvisol sampled at Bielawy

at the sampling site distant from the transport route. The lowest values of the

coefficients of absorbance were recorded for the HAs of the Luvisol sampled at Orlinek.

An additional pollution of the Luvisol sampled at Bielawy, exposed to a direct effect of

PAHs (Lu3, Table 3), resulted in an increase in the value of coefficients A2/4, A2/6 and

�logK as well as a decrease in the value of A4/6 in the molecules of the HAs isolated

from the soil samples after 180 days of incubation. After 360 days of incubation the

values of coefficient A2/6 are higher than the HAs of the initial soil. The humic acids

isolated from the samples of Luvisol also sampled at Bielawy, however, at the sampling

site away from the transport route, additionally polluted with PAHs, demonstrated lower
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values of coefficients A2/4, A2/6, A4/6 and �logK, as compared with the HAs of the

initial soil, additionally non-polluted with PAHs. The values of coefficients A2/4, A2/6,

A4/6 and �logK of HAs of variants Lu5V and Lu5VI (Luvisol, Orlinek, additionally

polluted with PAHs) were lower than the HAs of the initial soil (Lu5). For the HAs of

the Luvisol sampled at Slesin, once PAHs were added, there was noted only an increase

in the value of parameter �logK, and a decrease in value A2/6 after 180 days of

incubation.

Table 3

Spectral properties of humic acids

Sample A280 A400 A665 A2/4 A2/6 A4/6 �logK
�A465u �A665u

[%]

Lu3 3.43 1.08 0.106 6.04 32.27 5.34 0.750 69.75 73.40

Lu3V* 3.43 0.976 0.100 7.29 34.21 4.69 0.793 72.28 84.21

Lu3VI 3.20 0.977 0.093 6.41 34.43 5.37 0.794 68.85 77.10

Lu4 3.50 1.10 0.097 6.43 36.25 5.64 0.806 69.59 74.30

Lu4V 3.53 1.29 0.153 4.91 23.07 4.70 0.767 67.98 78.76

Lu4VI 3.76 1.29 0.153 5.23 24.57 4.70 0.694 71.54 77.75

Lu5 5.00 1.69 0.236 4.73 21.16 4.47 0.607 63.73 67.52

Lu5V 4.66 1.65 0.248 4.49 18.77 4.18 0.596 63.10 71.23

Lu5VI 4.67 1.60 0.241 4.58 19.40 4.24 0.582 64.75 68.61

Lu7 4.17 1.14 0.125 6.47 33.52 5.18 0.696 68.11 74.42

Lu7V 3.72 1.24 0.121 6.06 30.72 5.07 0.794 69.41 80.80

Lu7VI 3.16 0.999 0.095 6.16 33.33 5.41 0.775 63.72 67.11

* Denotations as in Table 2.

The structure of humic acids can be also indirectly inferred from the changes in the

value of absorbances which occur as a result of the reaction of oxidation with hydrogen

peroxide of humic acids [23]. The changes in the value of absorbance of humic acids

which occur as a result of oxidation with H2O2 are given in Table 3. As a measure of

susceptibility to oxidation, there was assumed a decrease in absorbance at the

wavelengths of 465 and 665 nm of the solutions of sodium humates as a result of the

reaction with H2O2, expressed as the percentage of absorbance of the initial solution.

According to the earlier reports [23], the aliphatic part of the HAs molecules showed to

be more susceptible to oxidation, while the aromatic part is more resistant. The values

of parameter �A465u (susceptibility to oxidation determined at the wavelength of

465 nm) recorded for the HAs of the initial soils (with no PAHs added) ranged from

63.73 (Lu5) to 69.75 % (Lu3). Introducing PAHs to the soils, in general, did not trigger

significant changes in the value of that parameter. The values of the parameter

determining the susceptibility to oxidation determined at the wavelength of 665 nm

were higher than the values of parameter �A465u. The highest values of �A665u were

recorded for the humic acids isolated from the soil samples additionally polluted with

PAHs after 180 days of incubation. Therefore, introducing chrysene, pyrene, fluorene
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and anthracene to soils resulted in changes in the structure of humic acids, which must

have resulted in an increase in the share of unsaturated aliphatic structures, which, in

turn, results in a decrease in the resistance of the molecules of humic acids to oxidation.

The changes in the structure of the molecules of humic acids obtained once PAHs

were introduced into soils are confirmed by the spectra produced in the IR range. In the

spectra of the HAs investigated (Fig. 1, due to a similar pattern of HAs spectra, the

present paper includes spectra for a single variant only) there was identified the

presence of the band in the range of wavenumbers 3100–3600 cm–1 corresponding to

the stretching vibration of OH groups in alcohols, phenols and acids and NH. The

inflection noted in the range of wavenumbers 3000–3100 cm–1 is connected with the

presence of CH bonds (valence vibration) of aromatic and alicyclic compounds. The

bands in the 2920–2960 cm–1 range and around 2850 cm–1 are conditioned by the

presence of groups –CH3 and =CH2 (symmetric and antisymmetric stretching vibration).

The 1710–1730 cm–1 band points to the presence of carbonyl groups C=O (stretching

vibration) in the acids and ketones and the bands in the range of wavenumbers

1600–1660 cm–1 are connected with the occurrence of stretching vibration C=O

(1630–1680 cm–1), NH deformation vibration (1620–1660 cm–1) in the primary amides,

and C=C stretching vibration (1610 cm–1) in the aromatic ring. In the 1600–1660 cm–1

range there can also occur bands derived from the vibration of groups C=N, and C=C

coupled with the carbonyl group. The band at around 1540 cm–1 is determined by the

presence of amine groups (deformation vibration), the 1500–1520 cm–1 band is

characteristic for aromatic compounds (C=C). The band in the range of wavenumbers

1440–1460 cm–1 corresponds to the deformation vibration of groups –CH3 and =CH2,
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the band 1400–1420 cm–1 points to the presence of groups O-C-O in esters and C=O in

carboxyl acids, and OH groups. The 1320–1380 cm–1 band is connected with the

presence of groups COO and CH bonds in the aliphatic chain. In the 1200–1280 cm–1

range there occur bands of C–O groups of phenols, carboxyl acids, esters and ethers,

and the bands in the range 1130 cm–1 and 1030–1080 cm–1 point to the presence of

polysaccharides. They can be also related to the presence of groups OCH3 which occur

in lignins and OH in alcohols [7, 23, 24].

Generally the IR spectra of the humic acids isolated from the samples of soils

additionally polluted with PAHs, after 180 days of incubation, as compared with the

HAs of the initial soil, demonstrated eg a higher band intensity of the frequency of

about 1540 cm–1, 1510 cm–1, 1460 cm–1, 1420 cm–1, 1260 cm–1 and peaks in the range

1130–1000 cm–1 (Fig. 1). In the molecules of humic acids of soils after 360 days of

incubation, as compared with the HAs of the soil after 180 days of incubation, there was

reported a decrease in the intensity of the above absorption bands. Humic acids after

360 days of soil sample incubation, as compared with the HAs of the initial soils, show

a slightly higher share of simple aromatic structures (a higher intensity of the 1510 cm–1

band), as well as a higher intensity of the 1030 cm–1 band. An increase in the share of

aromatic structures can result in an increase in hydrophobic properties of humic acids.

An increase in the share of hydrophobic fractions in the molecules of humic acids after

introducing PAHs into soil was confirmed by the results of chromatographic research.

As reported by Woelki et al [26], Preuße et al [27], Dêbska [24], Dêbska et al [28],

the fractions of the retention time of 3.0–6.0 min show greater hydrophilic properties,

whereas the fractions of the retention time between 12.0 and 17.0 min are becoming

more and more hydrophobic (Fig. 2). It is assumed that the fractions at lower retention
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times are referred to as hydrophilic and at higher retention times – as hydrophobic.

Determining the hydrophilic and hydrophobic properties of HAs is essential from the

ecological perspective since the mutual proportions of those fractions determine the

solubility of humic acids and, as a result, their migration deep down the soil profile. The

research performed earlier [24, 28, 30] demonstrated that humic acids show an

advantage of the hydrophobic fractions over the hydrophilic ones. The humic acids

discussed here also showed an advantage of hydrophobic fractions over the hydrophilic

ones (Table 4). The share of hydrophilic fractions in the HAs molecules of the

unpolluted soils ranged from 41.4 (sample Lu7) to 45.8 % (Lu3) and hydrophobic

fractions in the range from 54.2 to 58.6 %. The lowest share of hydrophilic fractions

(the highest share of hydrophobic fractions) was recorded for the HAs isolated from the

samples of soils additionally polluted with PAHs, after 180 days of incubation. The

share of hydrophilic and hydrophobic fractions in the molecules of humic acids, after

360 days of incubation was, in general, similar to the HAs of the initial soils. The

changes in the share of the fractions in the molecules of humic acids resulted in the

changes in the value of the HIL/�HOB ratio. The lowest values of that parameter were

recorded for the HAs isolated from the soil samples after 180 days of incubation.

A decrease in the share of hydrophobic fractions in the successive days of incubation

shows that PAHs introduced into soil are not only sorbed by humic acids but they also

undergo transformations, most probably participating in the processes of humic acids

transformation.

Table 4

Share of hydrophilic and hydrophobic fractions in the molecules of humic acids

Sample HIL HOB1 HOB2 �HOB HIL/�HOB

Lu3 45.8 43.8 10.4 54.2 0.844

Lu3V* 40.3 49.8 9.9 59.7 0.676

Lu3VI 43.0 47.6 9.4 57.0 0.755

Lu4 43.6 45.3 11.1 56.4 0.773

Lu4V 41.0 50.0 9.0 59.0 0.695

Lu4VI 42.9 46.8 10.3 57.1 0.751

Lu5 43.3 48.5 8.2 56.7 0.764

Lu5V 39.0 53.5 7.5 61.0 0.640

Lu5VI 42.7 59.2 8.1 58.4 0.745

Lu7 41.4 49.2 9.4 58.6 0.706

Lu7V 40.0 50.6 9.4 60.0 0.667

Lu7VI 41.2 49.1 9.7 58.8 0.701

* Denotations as in Table 2.

The above relationships recorded in the present research of the elemental composi-

tion, spectrometric parameters in the UV-VIS and IR range as well as the hydrophilic

and hydrophobic properties point to the possibility of PAHs adsorption by organic

matter and their building-in in the structures of organic matter. The present results then
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coincide with earlier literature reports [10–12, 14, 15, 18, 20] which stressed

a considerable share of organic matter, including humic acids, in the PAHs sorption

processes. However, one shall also remember that also the compounds formed in the

process of PAHs decomposition can be bound by the fractions of organic matter (humic

acids, fulvic acids, humins).

Conclusions

The laboratory research clearly demonstrated that introducing anthracene, fluorene,

pyrene and chrysene to the Luvisols samples resulted in a change in some quality

parameters of the humic acids isolated from the soil samples incubated 180 and 360

days. With that in mind, the pollution of soils with PAHs is one of the many factors

which can modify the properties of humic acids.

In the humic acids isolated from the samples of soils additionally polluted with

PAHs, as compared with the HAs of the initial soils, the following were observed:

– a decrease in parameter � – the degree of internal oxidation;

– an increase in the intensity of absorption bands in the 1520–1000 cm–1 range,

higher in all the HAs spectra isolated after 180 days than after 360 days, connected with

an increase in the share of simple aromatic and aliphatic structures in the molecules of

humic acids;

– an increase in the susceptibility to oxidation recorded for the humic acids isolated

after 180 days of incubation;

– a decrease in the share of hydrophilic fractions and an increase in hydrophobic

fractions, after 180 days of decomposition.
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W£AŒCIWOŒCI KWASÓW HUMINOWYCH GLEB P£OWYCH

ZANIECZYSZCZONYCH WYBRANYMI WWA

Katedra Chemii Œrodowiska, Wydzia³ Rolnictwa i Biotechnologii

Uniwersytet Technologiczno-Przyrodniczy w Bydgoszczy

Abstrakt: Celem pracy by³o okreœlenie wp³ywu zanieczyszczeñ gleb wielopierœcieniowymi wêglowodorami

aromatycznymi (WWA) na w³aœciwoœci kwasów huminowych.

Badania zrealizowano dla próbek gleb p³owych reprezentatywnych dla Regionu Kujawsko-Pomorskiego,

pobrane z terenów nara¿onych i nienara¿onych na bezpoœrednie zanieczyszczenia WWA. Próbki gleb

zanieczyszczono wybranymi WWA – fluoren, antracen, piren i chryzen – w iloœci odpowiadaj¹cej 10 mg

WWA/kg. Zanieczyszczone przez WWA próbki gleb inkubowano 10, 30, 60, 120, 180 i 360 dni

w temperaturze 20–25 oC i w sta³ej wilgotnoœci – 50 % PPW. Z próbek gleb przed oraz po 180 i 360 dniach

inkubacji wyekstrahowano kwasy huminowe. Dla wyseparowanych kwasów huminowych, ogólnie przyjêt¹

metod¹ IHSS, przeprowadzono analizy: sk³adu pierwiastkowego, spektrofotometryczne w zakresie UV-VIS

i IR, podatnoœci na utlenianie oraz oznaczono w³aœciwoœci hydrofilowo-hydrofobowe z wykorzystaniem

HPLC.

Wykazano, ¿e wprowadzenie WWA do gleb skutkowa³o zmian¹ niektórych parametrów jakoœciowych

kwasów huminowych. Stwierdzono m.in. spadek wartoœci stopnia utlenienia wewnêtrznego, wzrost intensyw-

noœci pasm absorpcyjnych w zakresie 1520–1000 cm–1, wzrost podatnoœci na utlenianie, spadek udzia³u

frakcji hydrofilowych, a wzrost frakcji hydrofobowych. Zanieczyszczenie gleb WWA jest wiêc jednym

z wielu czynników, które mog¹ modyfikowaæ w³aœciwoœci kwasów huminowych.

S³owa kluczowe: WWA, gleby p³owe, kwasy huminowe
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