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Abstract: Once they reach the environment, petroleum hydrocarbons undergo various chemical, physico
chemical and biochemical transformation processes. Organic compounds which are not or are very poorly 
subject to these processes are thermodynamically the most stable isomers and they are called biological markers 
(biomarkers). This paper presents the results of the determination of organic substances in twelve samples 
taken in the area of the city of Banja Luka (Bosnia and Herzegovina). Two soil samples were taken in the 
Banja Luka city heating plant area and ten river sediment and soil samples were taken in the upper and lower 
basin of the Vrbas river in the Banja Luka city area. The aim of this study was to determine the biomarkers 
of oil-type pollutants in contaminated samples as well as the type of organic substances in samples taken near 
the contaminated area. Assisted solvent extraction was used to isolate the total petroleum hydrocarbons (TPH) 
from all twelve samples. Fractionation of the extracts into saturated and aromatic hydrocarbon fractions was 
performed by column chromatography. The fractions were analyzed by gas chromatography-mass spectrometry 
(GC-MS). On basis of the obtained chromatograms, biomarkers of petroleum pollutants and specific correlation 
parameters of organic substances in the samples were determined. The dominance of n-alkanes with odd C 
atoms as well as the presence of an unresolved complex mixture (UCM) on chromatograms of saturated and 
aromatic hydrocarbons showed the presence of anthropogenic organic substances of petroleum origin in the 
analyzed samples. Based on the obtained chromatograms, it can be concluded that microbial degradation of 
hydrocarbons in all samples occurred.
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Introduction

Hydrocarbons found in soil and sediments reflect 
both natural and anthropogenic inputs as well 
as diagenetic processes taking place in the water 
column and during transport and sedimentation 
(Shirneshan et al., 2016). Crude oil consists mainly 
of a complex mixture of hydrocarbon compounds 
(aliphatic and aromatic) and non-hydrocarbon com-
pounds (resins and asphaltenes). Environmental 
contamination occurs frequently and it is associated 
with production processes, refining, transportation 
and storage of oil and petroleum products. Oil 
undergoes various transformation processes in the 
environment conditions, depending on the physico-
chemical and biological factors such as evaporation, 
dissolution, microbial degradation, photooxidation 
and interaction between oils and sediments (Faboya 
et al., 2016). Lower molecular weight hydrocarbons 
normally evaporate, while heavier compounds, 
such as asphaltenes and resins, partially undergo 
deposition in sediments (Kakhki et al., 2018; Yo-
gaswara et al., 2020). Therefore, these compounds 

are frequently found in petroleum, coal, sedimen-
tary rocks, recent sediments, and soils. Molecular 
structures of stable geochemical products can be 
attributed to biogenic precursor molecules. At the 
same time, conversion from biogenic and thermo-
dynamically less stable compounds to more stable 
ones is especially interesting in isomers and stereo
isomers (Hazra et al., 2019). From the chemical 
point of view, a majority of biomarker molecules 
belong to aliphatic or aromatic hydrocarbons (Wal-
ters et al., 2018; He et al., 2018; Kao et al., 2018). 
Thus, hydrocarbon composition of petroleum has 
been extensively used for the determination of 
hydrocarbon sources in coastal sediments and soils.
A heating plant in the Banja Luka city still uses 
heavy oil fractions like mazut as a heating medium. 
Thus, the objectives of the present study are: (i) to 
determine the occurrence, distribution and source 
of saturated and aromatic hydrocarbons, (ii) to 
examine the distribution, composition, and relative 
maturity levels of saturated and aromatic hydrocar-
bons in sediments and soils, and (iii) to evaluate the 
degree of microbial degradation of organic sub-
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stances in analyzed samples. Twelve sediment and 
soil samples were taken for analysis in the area of 
the city of Banja Luka within the heating plant and 
in the lower and upper basin of the Vrbas river. The 
fractions of saturated and aromatic hydrocarbons 
were analyzed by the GC-MS method to determine 
the specific correlation parameters, e.g. the degree 
of maturation and origin of the organic substances.

Material and Methods

Chemicals
Dichloromethane, n-hexane, elemental copper and 
sodium sulfate were purchased from Merck (Darm-
stadt, Germany). Florisil® was obtained from Fluka 
AG (Buchs, Switzerland) and acetone was obtained 
from Mikrochem (Pezinok, Slovakia).

Sampling
Exact sampling locations are shown in Fig. 1. To-
tally twelve samples were studied in this work, while 
two were taken in the Banja Luka city heating plant 
area — samples 1 and 2. Other ten samples represent 
river sediment samples and soil samples taken in 
the upper and the lower basin of the Vrbas river in 
the Banja Luka city area. All samples were air-dried 
for 24 hours and sieved through 0.063 mm sieves.

Total petroleum hydrocarbons extraction
Extraction of total petroleum hydrocarbons (TPH) 
from sediment and soil samples was performed by 
assisted solvent extraction using the Dionex ASE 
150  apparatus. Extraction cells were filled with 
28  g of previously air-dried and sieved samples 
and the extraction was accomplished according to 
a previously established method (Thermo Fisher 

Scientific Inc., 2011). Dichloromethane/acetone 
(1:1) mixture was used as an extraction solvent, 
and the following conditions were set: extraction 
temperature of 175 °C, static time of 5 min, flush 
volume of 60 %, gas purging time of 100 s, 1 static 
cycle. The obtained extract volume was reduced 
to 5 mL using a rotary evaporator. Activated cop-
per powder was added to the extract and it was 
sonicated for 3 min in order to remove elemental 
sulfur from the sample extracts.

Fractionation of total petroleum hydrocarbons 
extracts
Column chromatography was used to separate the 
TPH extract into the saturated and aromatic hydro-
carbons fractions using 2.5 g of Florisil® and 0.2 g 
of sodium sulfate, both activated at 130 °C for 24 h, 
as adsorbents. The column was loaded with 1 mL of 
the extract which was previously conditioned with 
10  mL of n-hexane. The saturated hydrocarbon 
fraction was eluted with 5  mL of n-hexane while 
the aromatic hydrocarbon fraction was eluted with 
3 mL of dichloromethane.

GC-MS analysis
The fractions of saturated and aromatic hydrocar-
bons were analyzed using gas-chromatography/
mass-spectrometry (GC-MS). For this purpose, an 
Agilent 7890A gas chromatograph with an Agilent 
5975C Mass Selective Detector (MSD) was used. 
Large volume of aliquots was injected in a pro-
grammed temperature vaporizer (PTV) in 5  µL 
portions with a repetition of ten times (total aliquot 
volume was 50 µL) onto a HP-1ms capillary column 
(30 m × 0.250 mm i.d. × 0.250 μm film thickness). 
The inlet temperature program was set as follows: 

Fig. 1. A map of Bosnia and Herzegovina (left) and a map of the sampling locations 
in the area of the city of Banja Luka (right).
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40 °C (2 min) up to 300 °C (5 min) at 600 °C min–1. 
Helium (99.999 % purity) was used as a carrier gas 
at the flow rate of 1 mL min–1.The oven temperature 
program was set as follows: 40 °C up to 50 °C (7 min) 
at 100  °C min–1, and to the final temperature of 
300  °C (15  min) at 10  °C min–1. Duration of the 
measurement was 47.1 min. The transfer line tem-
perature was set to 300 °C, MS source temperature 
and MS quadrupole temperature were 230 °C and 
130  °C, respectively. Mass spectra were analyzed 
using the MSD ChemStation software with NIST14, 
MPW2007 and W9N11databases.

Results and Discussion

Total petroleum hydrocarbons content
Results of assisted solvent extraction are shown in 
Tab. 1. Concentration of TPH extracts ranged from 
0.1786 mg g–1 to 25.8214 mg g–1. An increase in the 
TPH concentration in samples 1 and 2 was expected 
because both sample places are located in the area 
of the city heating plant. Similar concentration of 
TPH was observed for samples 3, 4, 5, 6, 7 and 8, 
from the upper basin of the Vrbas river (before the 
heating plant). In samples 9 and 10 from the lower 
river basin (after the city heating plant), a decrease 
of TPH concentration was observed. This effect 
is probably due to the dilution with the tributary 
effluents. A contribution of anthropogenic con-
tamination to the total TPH concentration is clearly 
visible for sample 11 collected at a site located in the 
industrial zone.

Tab. 1.	 TPH concentration in samples.

Sample TPH concentration (mg g–1)

  1 25.8214

  2 19.2857

  3   0.2500

  4   0.2500

  5   1.7143

  6   1.1786

  7   0.8214

  8   0.6786

  9   0.1786

10   0.2143

11   2.6071

12   0.7143

Saturated hydrocarbons
Chromatograms obtained for specific m/z 71 ratio 
characteristic for n-alkanes of the most contami-
nated samples (no. 1 and 11) are shown in Fig. 2. 
Specific correlation parameters of saturated hydro-

carbons are shown in Tab. 2. n-Alkane compounds 
in all samples ranged from C12 to C35. Carbon 
preference index (CPI) values, representing the 
ratio of odd to even n-alkanes, was found to be in 
the range from 1.3881 to 2.6383. CPI values close 
to 1  indicate petroleum and other anthropogenic 
substances e.g. from the combustion of fossil fuels, 
wood and agricultural debris (Faboya et al., 2016). 
The dominance of hydrocarbons with an odd car-
bon number also indicates the presence of organic 
substances of anthropogenic origin. Furthermore, 
organic substances in the sediment and soil samples 
could originate from native organic substances 
and oil-type anthropogenic organic substances 
(Samelak et al., 2018). The presence of unresolved 
complex mixture (UCM) on n-alkane chromato-
grams is associated with the presence of aromatic 
heterocyclic compounds formed by the biological 
degradation of hydrocarbons (n-alkanes, steranes 
and terpanes) (Romero, et al., 2015; Di Gregorio 
et al., 2016; Catania et al., 2018; Wang et al., 2018). 
This group of compounds is typical for samples that 
have undergone microbial degradation of organic 
substances (Romero, et al., 2015; Di Gregorio et al., 
2016; Catania et al., 2018; Wang et al., 2018). Sepa-
ration of UCM is commonly a challenge for the 1D 
gas chromatographic method. Pristane and phytane 
are isoprenoid alkanes usually derived from phytyl 
side-chains in chlorophyll (Tissot and Welte, 1984; 
Vitorović and Jovančićević, 2016). Due to their high 
resistance to microbial and thermal degradation, 
these compounds can serve as biomarkers for fossil 
fuels. Pristane and phytane can be used to assess the 
degradation level of petroleum residues (Samelak et 
al., 2020). Low values of Pristane/Phytane (Pr/Ph) 
ratios (0.9601—1.2771) were found in all samples; 
Pr/Ph values below or near 1 indicate the presence 
of anthropogenic organic substances of petroleum 
origin (Rushdi et al., 2017; Zhu et al., 2018; Gdara 
et al., 2020). Furthermore, based the UCM profile 
and the Pr/Ph ratios, it can be concluded that the 
samples are contaminated with fresh and partially 
biodegraded hydrocarbons (Cabrerizo et al., 2016; 
Iheonye et al., 2019; Zhu et al., 2018). Values of 
n-alkanes/isoprenoid homologs ratios, n-C17/Pr 
and n-C18/Ph ranged from 1.1449  to 3.3875  and 
from 1.1695 to 4.3249, respectively, which indicates 
the dominance of n-alkanes over isoprenoid alkanes 
in all samples. Although the microbial degradation 
of n-alkanes proceeds much faster than that of 
isoprenoid alkanes of pristane and phytane type, 
the results indicate increased concentration of 
petroleum hydrocarbons contributing to the total 
n-alkane concentration. At the same time, degrada-
tion of both n-alkanes and isoprenoid occurred in 
the samples.
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Chromatograms showing the presence of steranes 
(m/z 217) and terpanes (m/z 191) in representative 
samples are shown in Figs. 3. and 4., respectively. 
The presence of steranes and terpanes in recent 
sediments and soil samples indicates the presence 
of oil-type anthropogenic organic substances. 
Detector response for UCM is visible on the chro-
matograms of selected m/z ratio 217 characteristic 
for steranes. Partial degradation of steranes and 
terpanes contributes to the total UCM content in all 
samples. As it can be seen from Fig. 3, distribution 
of terpanes in samples 11  and 1  does not differ 
significantly. Samples collected near the heating 
plant showed higher UCM content. Basic group of 
molecular fossils used in petroleum geochemistry 

is called polycyclic terpenoids (Belin et al., 2018). 
These alicyclic compounds originate dominantly 
from cell membranes of bacteria, microorganisms 
and algae, which are ubiquitous in sediments. The 
group includes several homologous series of tri-, 
tetra-, and pentacyclic triterpanes (Shirneshan et 
al., 2016; Paul and Dutta, 2106; Belin et al., 2018). 
The most commonly used alicyclic biomarkers are 
hopanes, which provide information on oil-source-
rock correlations (Grigoriadou et al., 2008). The 
most definitive indicators of petroleum contamina-
tion are probably 17α(H), 21β(H)-hopanes (Rushdi 
et al., 2017; Hazra et al., 2019). Biological origin of 
17α(H), 21β(H)-hopanes has not been confirmed. 
However, 17α(H), 21β(H)-hopanes are found in 

Fig. 2. Chromatograms of selected m/z ratios 71 characteristic for n-alkanes in samples 11 and 1.

Tab. 2.	 Characteristic correlation parameters of saturated hydrocarbons in sediment and soil samples.

Sample CPIa Pr/Ph n-C17/Pr n-C18/Ph n-Alkanes range Most abundant n-alkanes

  1 2.2491 0.9884 3.3875 1.8715 C12—C35 C16; C19

  2 1.5767 0.9993 2.8479 1.7826 C12—C35 C19; C22

  3 2.6383 1.1242 1.5224 2.2195 C12—C35 C27; C29

  4 1.9284 1.2290 1.5272 1.9709 C12—C35 C14; C16

  5 1.3981 0.9868 1.7802 1.6554 C12—C35 C13; C16

  6 2.5811 1.0730 1.2290 1.2427 C12—C35 C27; C29

  7 1.6120 0.9796 1.3851 1.4975 C12—C35 C27; C29

  8 2.1728 1.0863 1.2418 1.2712 C12—C35 C16; C29

  9 2.0567 0.9495 1.1449 1.1695 C12—C35 C27; C29

10 1.4164 1.2134 2.0405 4.3249 C12—C35 C14; C16

11 1.9956 1.2771 3.8451 1.9327 C12—C35 C17; C29

12 2.5324 0.9601 1.8459 2.2834 C12—C35 C27; C29

a 25 27 29 31 33 25 27 29 31 33

24 26 28 30 32 26 28 30 32 34

C +C +C +C +C C +C +C +C +C1
CPI +

2 C +C +C +C +C C +C +C +C +C
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petroleum and related sediments where they result 
from the isomerization of 17β(H)-hopanes (Inglis 
et al., 2018). In this case, the degradation pathway 
leads to relative depletion of αα over ββ isomers, 
R over S, and the removal trend C27 > C28 > C29 
(Díez et al., 2005). Compared to terpanes, a slightly 
lower concentration of steranes was observed in all 
samples. The increase in sterane concentrations oc-
curred only in samples 1 and 2 collected in the area 
of the city heating plant.

Aromatic hydrocarbons
Due to their environmental impact and toxicity, 
aromatic compounds have proven to be very use-
ful as indicators of the fate of petroleum pol
lutants in the environment and as specific source 
markers of petroleum pollutants in sediments, 
tissue samples of living organisms and water 
(Jafarabadi et al., 2017  and 2019; Ghribi et al., 

2019; Han et al., 2018). Aromatic compounds 
identified in the samples belong to a group of bi-
cyclic and tricyclic aromatic hydrocarbons. Bi
cyclic aromatic hydrocarbons include alkylated 
naphthalene derivatives: methyl-naphthalenes 
(m/z 142), dimethyl- and ethyl-naphthalenes (m/z 
156) and trimethyl-naphthalenes (m/z 170). The 
presence of alkylated phenanthrene (m/z 178) and 
anthracene (m/z 178) derivatives like methyl-
phenanthrene and methyl-anthracene (m/z 192), 
dimethyl- and ethyl-phenanthrene and dimethyl- 
and ethyl anthracene (m/z 206) has also been re-
ported. Individual chromatograms of bicyclic and 
tricyclic aromatic hydrocarbon compounds in 
samples 11 and 1 are shown in Figs. 5 and 6, re-
spectively. Chromatograms of selected m/z ratios 
characteristic for aromatic hydrocarbons and for 
saturated hydrocarbons are characterized by the 
presence of UCM.

Fig. 3. Chromatograms of selected m/z ratios 217 characteristic for steranes in samples 11 and 1.

Fig. 4. Chromatograms of selected m/z ratios 191characteristic for terpanes in samples 11 and 1.
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Conclusions

This paper investigates the origin and type of 
organic substances in sediment and soil samples 
taken in the area of the heating plant and the basin 
of the Vrbas river in the city of Banja Luka. The 
results confirmed very efficient TPH extraction by 
assisted solvent extraction. Characteristic correla-
tion parameters were calculated by examining the 
n-alkane, sterane and terpane profiles in the sam-

ples. CPI values were characterized by increased 
n-alkane content and the dominance of hydrocar-
bons with an odd number of C atoms. It has been 
shown that the obtained ratio of n-alkanes to iso-
prenoid alkanes indicates the presence of anthro-
pogenic organic substances. This result indicates 
terrestrial organic contamination of anthropogenic 
origin. At the same time, microbial degradation of 
hydrocarbons was confirmed by the presence of 
UCM on chromatograms of saturated and aromatic 

Fig. 5. Chromatograms of selected m/z ratios characteristic for bicyclic aromatic hydrocarbons 
in samples 11 and 1.

Fig. 6. Chromatograms of selected m/z ratios characteristic for tricyclic aromatic hydrocarbons 
in samples 11 and 1.
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hydrocarbons. Identification of steranes and ter-
panes in the samples also supports the assumption 
of the presence of oil-type anthropogenic organic 
substances in all samples. Polycyclic aromatic com-
pounds from the group of bicyclic and tricyclic 
aromatic hydrocarbons were detected based on 
their characteristic m/z ratios. PAHs also contribute 
to the UCM observed on the saturated and aromatic 
hydrocarbon chromatograms.
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