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THE EFFECT OF ORGANIC AND CLAY FRACTION ON POLYCYCL IC AROMATIC 
HYDROCARBONS MOBILITY IN SOIL MODEL SYSTEMS 

 

Summary 
 

Polycyclic aromatic hydrocarbons (PAHs) are a group of organic compounds, which accumulation in arable land is highly 
unfavorable phenomenon due to their toxic properties and adverse effects on yield as well as growth of plants. In order to 
determine the degree of PAHs exposure, the research on the sorption and accumulation of PAHs in various components of 
the soil is indispensable. The aim of this study was to define the effect of the organic and clay fraction on the mobility of 
PAHs. Experiments were carried out in column systems and the following solid phases (sorbents) were applied: a quartz 
sand (a control), a mixture of quartz sand and humic acids, a mixture of quartz sand and clay mineral - montmorillonite and 
systems combined with quartz sand, montmorillonite and humic acids. As a labile phase, the aqueous solution of phenan-
threne (concentration of 0,5 mg·l-1) was used. Quantification of PAHs in the eluate was carried out by a photoluminescence 
method. The obtained results indicate that the increase of both clay fraction and the humic acids resulted in an increase in 
the sorption of phenanthrene on a solid matrix. Moreover, the montmorillonite showed higher sorption than humic acids 
added in the form of a commercial preparation. Thus, it can be assumed that the soils characterized by favorable agro-
nomic properties (a lot of clay fraction and organic matter) are particularly susceptible to the accumulation of organic 
compounds (e.g. PAHs). Additionally, this kind of soil – due to immobilization – is characterized by smaller capacity of 
natural bioremediation. These conclusions points to the need for monitoring of arable land, particularly areas with high 
emissions of PAHs to the environment. 
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WPŁYW FRAKCJI ORGANICZNEJ I ILASTEJ NA MOBILNO ŚĆ 
WIELOPIER ŚCIENIOWYCH W ĘGLOWODORÓW AROMATYCZNYCH 

W MODELOWYCH UKŁADACH GLEBOWYCH 
 

Streszczenie 
 

Wielopierścieniowe węglowodory aromatyczne (WWA), z uwagi na toksyczne właściwości oraz niekorzystny wpływ na plo-
nowanie i wzrost roślin stanowią grupę związków, których akumulacja w gruntach ornych jest zjawiskiem wysoce niepożą-
danym. W celu określenia stopnia narażenia niezbędna jest wiedza z zakresu badań podstawowych dotycząca sorpcji i aku-
mulacji WWA w różnych komponentach glebowych. Celem badań było zdefiniowanie wpływu frakcji organicznej i ilastej na 
mobilność tych związków. Doświadczenie przeprowadzano w układach kolumnowych, natomiast fazę stałą (sorbent) stano-
wił odpowiednio: piasek kwarcowy (referencja), mieszanina piasku kwarcowego i kwasów humusowych, mieszanina piasku 
kwarcowego i minerału ilastego – montmorylonitu oraz układy kombinowane z piaskiem kwarcowym, montmorylonitem i 
kwasami humusowymi. Fazę labilną stanowił wodny roztwór fenantrenu o stężeniu 0,5 mg·l-1. Oznaczeń ilościowych WWA 
w eluacie dokonano metodą fotoluminescencyjną. Badania dowiodły, iż wzrost zarówno udziału frakcji ilastej jak i ilości 
kwasów humusowych skutkował wzrostem sorpcji fenantrenu na matrycy stałej, przy czym montmorylonit wykazywał więk-
sze właściwości sorpcyjne niż kwasy humusowe dodawane w postaci komercyjnego preparatu. Można sądzić, iż gleby cha-
rakteryzujące się dobrymi właściwościami agronomicznymi (duży udział frakcji ilastej oraz materii organicznej) są szcze-
gólnie narażone na akumulację związków z grupy wielopierścieniowych węglowodorów aromatycznych a także w związku z 
immobilizacją - mniejszymi zdolnościami naturalnej bioremediacji. Wskazuje to na konieczność monitoringu tych gruntów 
ornych, szczególnie na obszarach gdzie występuje wysoka emisja WWA do środowiska. 
Słowa kluczowe: wielopierścieniowe węglowodory aromatyczne (WWA), sorpcja, kwasy humusowe, frakcja ilasta 

 
 
A b b r e v i a t i o n s :  
PAHs – polycyclic aromatic hydrocarbons 
HOC – hydrophobic organic compounds 
 
1. Introduction 
 
 Polycyclic aromatic hydrocarbons (PAHs) are a group 
of hydrophobic organic pollutants containing more than two 
aromatic rings in a structure. Increasing in the last decades 
humans activity including development of heavy industry, 

exploitation of crude oil and the process of incomplete 
combustion of organic matter in municipal and residential 
sectors contributed to the imbalance in nature and the ac-
cumulation of PAHs in various environmental components, 
even in an environment of agricultural soils. According to 
the Institute of Soil Science and Plant Cultivation (Puławy, 
Poland), 8,3% of agricultural soils is contaminated by 
PAHs [1]. Polycyclic aromatic hydrocarbons are character-
ized by mutagenic, carcinogenic, teratogenic and genotoxic 
properties. Due to the possibility of xenobiotics impact on 
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agricultural products, soils with higher than permissible 
levels of PAHs should be excluded from food production 
especially demanding (eg. for infants) and root crops. 
Moreover, studies have shown that high levels of polycyclic 
aromatic hydrocarbons may lead to inhibition of plant 
growth and unfavorable changes in yielding. [2]. 
 Chemical and physical properties of soils determine the 
processes occurring inside, including degradation and ac-
cumulation of pollutants of anthropogenic origin. It is gen-
erally accepted that the sorption of hydrophobic organic 
compounds (HOC) plays a key role in their movement and 
determines the bioavailability. According to Oleszczuk [4] 
sorption processes result in immobilization of organic 
xenobiotics and thus limits their physicochemical and bio-
logical degradation [3]. An important factor, which deter-
mines the kinetics of sorption processes, is organic matter 
in soil. The functional groups in organic matter (-OH, -
COOH, -NH2, -OCH3, =NH) determine the ability to inter-
act with HOC. The weakly polar humic substances exhibit a 
very strong affinity for the hydrophobic xenobiotics. [4]. 
Other studies also indicate the importance of the mineral 
fraction of soils in the process of PAHs accumulation. The 
sorption properties of minerals depend on their crystal 
structure. The most important mineral group is clay miner-
als composed of alternating tetrahedral and octahedral lay-
ers. The layers are binded with each other via oxygen 
bridges (Al-O-Si), which create packages separated by a 
free space. Such expanded three-dimensional structure of 
the minerals is responsible for their molecular sieve proper-
ties, which guarantee excellent adsorption of water mole-
cules [5]. 
 The aim of the study was to evaluate the effect of the 
addition of commercial organic-mineral fertilizer contain-
ing humic acids and clay fraction content on immobiliza-
tion of selected polycyclic aromatic hydrocarbons: phenan-
threne, and in soil model systems. 
 
2. Materials and methods 
2.1. Experimental setup 
 
 The sorption was carried out in column systems with a 
diameter of 4 cm. As a stationary phase, silica sand with 
addition of various amounts of montmorillonite (Sigma Al-
drich) was applied. Moreover, the addition of various 
amounts of organic-mineral fertilizer in the form of humic 
acids commercially available (according to the manufac-
turer, 1kg fertilizer corresponds to 30 kg of humic acids 
contained in manure) was used. The aqueous phase was 
represented by the aqueous solution of phenanthrene 
(Sigma Aldrich) at a concentration of 0,5 mg/l added in an 
amount of 200 ml. The experiment was performed in tripli-
cate samples. In order to eliminate the degrading effect of 
autochthonous microorganisms, all samples were sterilized 
before the addition of humic acids and PAHs. 
 The characteristics of each system are shown in Table 1 
and Table 2. 
 The sorption was carried out for 24 h. In order to quanti-
fication of PAHs adsorbed (x), conversion percentage were 
used: 

,
 

where: 
a – phenanthrene concentration in the initial solution (0,5 
mg/l), b – phenanthrene concentration in the eluate (mg·l-1). 

Table 1. The list of experimental variants 
Tab. 1. The list of experimental variants 
 

Sample 
Quartz 
sand 
[g] 

Aqueous  
solution of 

phenanthrene  
(0,5 mg/l) 

Humic acids 
[g] 

Montmorillonite 
[g] 

R0 40,0 + 0,0 0,0 
H1 39,5 + 0,5 0,0 
H2 39,0 + 1,0 0,0 
H3 38,0 + 2,0 0,0 
M1 39,5 + 0,0 0,5 
M2 39,0 + 0,0 1,0 
M3 38,0 + 0,0 2,0 

HM1 39,0 + 0,5 0,5 
HM2 38,0 + 1.0 1,0 
HM3 36,0 + 2,0 2,0 

Source: own work / Źródło: opracowanie własne 
 
 
 The quantitative analysis of phenanthrene in the eluate, 
were carried out using the photoluminescence method (Hi-
tachi F-7000) with the previously developed calibration 
curves. 
 
2.2. Statistical analysis 
 
 All analyses were replicated at least three times. Stan-
dard errors of the mean were calculated. 
 
3. Results and discussion 
 
 In all experimental variants, phenanthrene concentration 
in the eluent decreased compared to the concentration in the 
initial solution. In the reference sample R0 the phenan-
threne concentration of 0.43 mg·l-1 was noted, which corre-
sponds to 86% initial concentration. Sorption properties of 
pure quartz sand were also confirmed by other researchers 
[6, 7]. 
 Effect of humic acids on the adsorption properties of the 
soil model system is shown in Fig. 1. Obtained results show 
a clear trend of increasing sorption properties with an in-
crease in the humic acids content. 
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Source: own work / Źródło: opracowanie własne 

 
Fig. 1. The adsorption of phenanthrene in systems with dif-
ferent humic acids content (names of samples in Tab. 1) 
Fig. 1. The adsorption of phenanthrene in systems with dif-
ferent humic acids content (names of samples in Tab. 1) 



Justyna STANINSKA, Zuzanna SZCZEPANIAK, Paweł CYPLIK, Agnieszka PIOTROWSKA-CYPLIK „Journal of Research and Applications in Agricultural Engineering” 2015, Vol. 60(1) 100

 According to Kurpińska [8], strong sorption properties 
of humic acids may result from hydroxy, methoxy, methyl, 
methylene, carboxyl, ketone, and quinone functional groups 
within them [8]. Studies indicate that humic substances 
with dominance of aromatic fractions show a very strong 
affinity for the hydrophobic organic substances [4]. Sorp-
tion of polycyclic aromatic hydrocarbons by organic matter 
was also confirmed by Chefetz et al. [9]. Furthermore Lah-
lou and Ortega-Calvo [11] shows that the biodegradation of 
polycyclic aromatic hydrocarbons in soils with a high con-
tent of organic matter may occur with less efficiency [10]. 
Our experience confirms this thesis pointing to the fact that 
the high content of humic acids with high adsorption prop-
erties causes immobilization and reduces their participation 
in the aqueous phase. Due to the fact that microorganisms 
have the ability to mineralization of PAHs in the form solu-
ble in water, it can be concluded that the high content of 
humic acids can significantly reduce the rate of biodegrada-
tion, which is going to be the subject of further research. 
 Effect of the clay fraction content to adsorption proper-
ties is shown in Fig. 2. There is a clear tendency to increase 
adsorption properties with increasing the clay fraction. 5% 
clay fraction in the system has reduced the phenanthrene 
concentrations in eluate up to 5000 ng/l which corresponds 
to 99% sorption. 
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Source: own work / Źródło: opracowanie własne 

 

Fig. 2. The adsorption of phenanthrene in systems with dif-
ferent clay content (names of samples in Tab. 1) 
Fig. 2. The adsorption of phenanthrene in systems with dif-
ferent clay content (names of samples in Tab. 1) 

 
 Strong sorption properties of montmorillonite belonging 
to the clay minerals can be explained by the specific struc-
ture. Montmorillonite consists of two tetrahedral layers and 
one octahedral layer with unsaturated electric charge. Be-
cause of the low charge density per unit of packet area, in-
terlayer cations bind weakly packets with each other and 
therefore they can easily displace the increasing the active 
adsorption surface [10]. It can be assumed that the soil con-
taining a high proportion of clay fraction have the ability to 
accumulate polycyclic aromatic hydrocarbons. In addition, 
Lahlou and Ortega-Calvo [11] highlight the limited 
bioavailability of polycyclic aromatic hydrocarbons in the 
adsorbed form [11]. This suggests that in soils with a very 
high sorption properties, the PAHs mineralization may oc-
cur more slowly and thus, this kind of soils are particularly 
susceptible to the influence of local emissions of these 
compounds. 

 Mixed systems containing both the addition of humic 
acids and montmorillonite showed the strongest sorption 
properties. The results of each test are shown in Figure 3. 
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Source: own work / Źródło: opracowanie własne 

 
Fig. 3. The adsorption of phenanthrene in combined sys-
tems with different humic acids and clay content (names of 
samples in Tab. 1) 
Fig. 3. The adsorption of phenanthrene in combined sys-
tems with different humic acids and clay content (names of 
samples in Tab. 1) 
 
 It is worth noting that the sorption in combined systems 
is not the sum of the effect of humic acids and montmoril-
lonite addition in separated systems. This may result from 
the fact that humic acids are partially adsorbed on clay 
minerals. This phenomenon has been described in previous 
studies [12, 13, 14]. Jaruwong and Wibulswas [15] high-
lighted the high sorption properties of montmorillonite 
(close to 69 mg of humic acids/g adsorbent) [15]. The load-
ing a part of sorption surfaces of montmorillonite by humic 
acids explains the obtained results. 
 Modelling studies have shown that a high content of 
humic acids and clay minerals in soils (characteristic of 
soils with high suitability for agricultural production) is as-
sociated with an increased potential for accumulation of 
PAHs. On the other hand, due to the immobilization of 
xenobiotics, this kind of soils, are less likely to transfer 
contamination into agricultural products. However, it 
should be noted that the reduction in the bioavailability of 
PAHs is associated with a lower rate of natural biodegrada-
tion. Therefore, the areas exposed to the PAHs should be 
subjected to special monitoring which could allow checking 
level of toxic compounds up to date. 

 
4. Conclusions 
 
 The increase in the clay fraction of the soil system is the 
most important factor in the sorption of polycyclic aromatic 
hydrocarbons and thus their accumulation in the environ-
ment. 
 The increase in the humic acids content in the soil has a 
significant effect on the sorption of polycyclic aromatic hy-
drocarbons. 
 Despite of the phenomenon of humic acids partial ad-
sorption, the increase of the the humic acids content in the 
soil system containing clay minerals, results in the increas-
ing of sorption properties in relation to polycyclic aromatic 
hydrocarbons. 
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 Immobilization of polycyclic aromatic hydrocarbons in 
soils with a high content of clay fraction and humic acids 
content may contribute to a slowdown in the natural bio-
degradation. 
 Due to the risk of accumulation of xenobiotics, agricul-
tural land exposed to contamination with PAHs character-
ized by a high content of organic matter and clay fraction 
should be regularly monitored. 
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