
Introduction

During the preliminary investigations at the 
subjected site, Polycyclic Aromatic Hydrocarbons 

(PAHs) concentrations were not tested [1]. Due to a high 
contamination with heavy metals and organic pollutants, 
research has now continued and determination of PAHs 
concentrations.

PAHs are a group of ubiquitous persistent organic 
pollutants [2, 3] and one of the most common pollutants 
in the industrial and urban regions [4] and they tend to 
accumulate in soil for longer time [5]. PAHs are toxic, 
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Abstract

The levels of polycyclic aromatic hydrocarbons (PAHs) were determined in the industrial 
zone, near the center of Banja Luka and river Vrbas, Republic of Srpska, Bosnia and Herzegovina. 
In the presented research, the total concentration of the PAHs in research area ranged from 0.356 to  
11.49 mg/kg, with mean values of 1.99 mg/kg indicated that soil was heavily contaminated (max limit 
1 mg/kg) and polluted with pollutant of class III ranging from 1 to 5 mg/kg. The possible sources of 
PAHs in the soils were estimated by using diagnostic ratios (LMW/HMW (low/high molecular weights), 
Fluo/(Fluo+Pyr) (fluoranthene/(fluoranthene+pyrene)), BaA/(BaA+Chr) (benzo[a]anthracene/(benzo[a]
anthracene+chrysene)) and IcdP/(IcdP+BghiP) (indeno[1,2,3-cd]pyrene/(indeno[1,2,3-cd]pyrene + 
benzo[g,h,i]perylene))) and factor analysis (principal component analysis). The ratios showed that the 
PAHs in soil have both pyrogenic and petrogenic sources. Pyrogenic source is predominant. Petrogenic 
sources also have a significant contribution in the study area. Principal component analysis has shown 
that both industrial and human activities are the cause of pollution. The first factor is in relation to burning 
(pyrogenic origin). This factor explained 76.72% of total variance. The second factor is petrogenic, with 
7.81% of total variance. PAHs in research area is a result of in general anthropogenic factors.
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carcinogenic and mutagenic to all living organisms [3, 
6-10]. They are widespread in environment media such 
as air, water and soils [3]. Soil is the most important 
sink of PAHs in the environment [11]. Soils also act as 
one of the re-emission sources for PAHs contamination 
in air and soil sediments [12, 13]. Most of the PAHs 
having anthropogenic origin are adsorbed to the top 
layer of the soil [14].

PAHs are primarily formed through the incomplete 
combustion of carbon containing fuels such as wood, 
diesel, coal and fat. Most common source of PAHs 
are anthropogenic activities, i.e. industrial emissions, 
incomplete combustion of fossil fuel and organic 
materials, solid waste incineration and vehicular 
emissions [3, 13, 8].

Sixteen (16) PAHs types are categorized on the 
basis of priority for their control by US Environmental 
Protection Agency (EPA) [13]. These are classified in 
two main groups of compounds related to the number 
of aromatic rings: low molecular weights PAHs 
(LMWPAHs) with 2-3 aromatic rings (naphthalene 
(Nap), acenaphthylene (Acy), acenaphthene (Ace), 
fluorine (Flo), phenanthrene (Phe) and anthracene (Ant)) 
and high molecular weight PAHs (HMWPAHs) with 
4–6 aromatic rings such as fluoranthene (Fluo,) pyrene 
(Pyr,) benzo[a]anthracene (BaA), chrysene (Chr), 
benzo[b]fluoranthene (BbF), benzo[k]fluoranthene 
(BkF), benzo[a]-pyrene (BaP), indeno[1,2,3-cd]pyrene 
(IcdP), dibenzo[a,h]anthracene (DahA) and benzo[g,h,i]
perylene (BghiP). PAHs from petrogenic source are 
formed predominantly with those of low molecular 
weights (LMWPAHs), whilst the PAHs from a 
pyrogenic source generally have high molecular weights 
(HMWPAHs) [15, 3].

The presented study is important because it will 
constitute the first local survey carried-out in industrial 
areas of Banja Luka. This research is focused on 
the presentation and discussion of the data related to 
contamination of soils by PAHs. The primary aim of 
this study was to measure the concentrations of PAHs 
in soil, estimate their probable sources using diagnostic 
ratios and principal component analysis in industrial 
complex Incel, Banja Luka, Republic of Srpska, Bosnia 
and Herzegovina. 

Determining the PAHs concentration in PAH-
contaminated soil is an important step for environmental 
remediation in future studies [8]. Location is hotspot 
of PCB and heavy metals [1] and probable hotspot of 
PAHs in Banja Luka, Republic of Srpska, Bosnia and 
Herzegovina.

Material and Methods

Location

Banja Luka is the second biggest city in Bosnia and 
Herzegovina with the population of 185,000. The city is 
situated in a basin 164 m above sea level. The average 
annual temperature reaches 10.7ºC. The subject of the 

research was to measure the PAHs concentration in the 
soil on the locality Incel (former Cellulose Factory, now 
industrial complex) in the city of Banja Luka, (3 km 
distance from the centre). The survey included 35 soil 
samples (0-20 cm top layer). The samples were taken 
from an area of about 10 hectares.

Sampling and Analysis

Samplings were performed in 35 location in 
industrial complex, during May-June 2019. Locations 
sampling of the soil was carried out with sampling 
equipment, Eijkelkamp Agrisearch Equipment, 
Netherlands. Chemical analyses were conducted for all 
16 types of PAHs by Gas chromatography. The detector 
used for PAH analysis is a mass detector coupled with 
the gas chromatograph (GC-MS). 

Quality assurance and control (QA/QC) was attained 
following strict quality assurance and control measures. 
The identification of the source of uncertainty was made 
on the basis of the uncertainty arising from the GC-MS 
(sample capture), the preparation of standard solutions 
for the calibration of the instrument, the measurement 
of the sample, the accuracy of sample measurement in 
a normal vessel, the measurement of the volume of the 
concentrated extract and the uncertainty arising from 
the variation of temperature. 

In order to obtain experimental results for soil, the 
method of spiking the sample matrix – blind trials with 
the known amount of analytes tested and analysis of the 
control samples thus obtained was used. The verification 
procedure covers the following parameters: instrument 
calibration, repeatability, return, limit of detection 
(LOD) and limit of quantification (LOQ). The validation 
of the analytical method was also carried out through a 
recovery study. The spiked samples were analyzed in 
the same way as actual samples. Instrument calibration 
was done using certified analytical standards. A series 
of 5 standard solutions were prepared. Linearity was 
tested in the concentration range from 0,03-0.66 mg/kg 
(in the sample), i.e. from 100-2000 μg/l for soil. 

The obtained PAHs concentrations were further 
processed based on the principles described in Standard 
Methods with disintegration techniques and analysed in 
accordance with national legislations [16] and accredited 
standard method EPA 8270D/3550C:2007. Accredited 
quantification limit for PAH in soil is 0,02 mg/kg.

Statistical Analysis

Descriptive statistical operations like mean, median, 
standard deviation (SD), variance, minimum (min), 
maximum (max), Skewness and Kurtosis test applied for 
analysis of the measured data. Factor analysis (principal 
component analysis) for PAHs components was applied 
for getting the qualitative information of the source of 
the 16 components of PAHs. The Excel 2016 and JASP 
v0.8.5.1 software tools were used for statistical data 
processing.
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Results and Discussion

Table 1 shows the descriptive statistics of the  
16 PAHs compounds in soils found on the sample  
35 locations of the studied area. PAHs are considered 
among the most dangerous pollutants [17]. In this 
study, the total concentration of the PAHs ranged from  
0.36 to 11.49 mg/kg, with mean values of 1.99 mg/kg. 
Mean values indicated that soil were heavily 
contaminated against the permissible limits of 1 mg/kg 
[17] and polluted with pollutant of class III ranging from 
1 to 5 mg/kg [19] Values are in line with the values 
which were found during research in Lisbon Urban 
Soils [18] and urban soils of southern Poland [10].

As can be seen that Pyr is the component with the 
highest mean concentration (0.28 mg/kg), followed by 
Nap and Acy, with mean concentration 0.19 mg/kg. 
Phe, as marker of wood and coal combustion [20], 
is component with the lowest mean concentration  
(0.06 mg/kg).

These values are higher than the concentrations 
which are found in urban and rural areas of Southern 
Italian soils [3].

Skewness and Kurtosis were used to test the 
normality of a given data set. Skewness is less than -1 
or greater than 1 and the distribution is highly skewed. 
Skewness test for all analyzing parameters have 
shown that data distribution is not normal. Coefficient 
of variation (CV), as an index showing the extent 
of variability in relation to the mean of the samples, 

which can be used for identifying the anthropogenic 
contribution degree for pollution in the environmental 
studies [21]. In this research, CV is very high. If mean 
of CV>0.90, its value indicates high anthropogenic 
contributions [22], which confirms that it is high 
anthropogenic impact. Analyzing pollutant (PAHs) 
have CV>0.90. Values for PAHs components also have 
CV>0.90. These values indicates high anthropogenic 
contribution and concentrations of PAHs in the soil 
samples varied significantly from location to location. 
In general, CV exceeded 58% for all compounds, which 
confirmed the heterogeneity of soil samples. This 
suggests that the PAHs components might have been 
affected by multiple factors [23].

The highest values of SD and CV were characteristic 
of BbF and BkF (0.20/0.19 and 182.14/197.94). 

Due to the variations in PAHs concentrations in 
different sampling sites, it is necessary to identify and 
determine the sources of PAHs pollution in samples. 
The sources of PAHs can be summarized into three 
groups: petrogenic, pyrogenic and phytogenic [8]. One 
of the most common approaches for determining the 
sources of PAH is isomeric ratios [17]. Diagnostic ratios 
provide source identification information and average 
ratios can represent the major sources [24]. Four 
specific diagnostic molecular ratios of PAHs were used 
for the identification of PAHs pollution sources: LMW/
HMW, Fluo/(Fluo+Pyr), IcdP/(IcdP+BghiP) and BaA/
(BaA+Chr) [3, 8] (Fig 1).

Table 1. Descriptive statistical of the PAHs.

PAHs (mg/kg) Mean Median Std. Dev. Var. Skew. Kurt. CV Range Min Max Sum

BbF 0.11 0.02 0.20 0.04 2.58 6.52 182.14 0.85 0.003 0.851 3.80

BkF 0.09 0.02 0.19 0.04 2.89 8.83 197.94 0.87 0.004 0.876 3.32

BaP 0.12 0.03 0.19 0.04 2.41 5.77 162.45 0.82 0.009 0.831 4.07

BghiP 0.1 0.02 0.18 0.03 2.40 4.82 181.84 0.70 0.003 0.699 3.52

IcdP 0.11 0.03 0.19 0.03 2.88 9.43 171.54 0.89 0.006 0.897 3.79

Ant 0.13 0.06 0.20 0.04 3.12 10.00 157.36 0.90 0.009 0.909 4.52

Chr 0.09 0.02 0.15 0.02 2.58 6.67 174.64 0.66 0.007 0.67 3.05

DahA 0.1 0.03 0.16 0.03 2.31 4.75 157.97 0.64 0.008 0.643 3.63

Acy 0.19 0.12 0.16 0.02 1.07 0.28 82.04 0.61 0.012 0.625 6.68

Pyr 0.28 0.28 0.17 0.03 0.45 0.14 58.96 0.68 0.031 0.707 9.92

BaA 0.12 0.05 0.17 0.03 2.65 7.14 139.36 0.74 0.014 0.75 4.20

Phe 0.06 0.01 0.15 0.02 4.38 21.76 228.01 0.82 0.009 0.825 2.26

Flo 0.08 0.03 0.13 0.02 2.96 8.81 153.25 0.57 0.012 0.585 2.97

Nap 0.19 0.14 0.18 0.03 1.78 4.11 93.38 0.81 0.026 0.833 6.62

Ace 0.09 0.07 0.10 0.01 2.57 7.83 111.55 0.51 0 0.513 3.23

Fluo 0.12 0.05 0.19 0.04 3.12 10.01 160.20 0.85 0.01 0.859 4.13

∑ 16 PAHs 1.99 1.24 2.36 5.55 2.97 9.47 118.28 11.13 0.356 11.49 69.70
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The LMW/HMW ratios (Fig. 1) were interpreted in 
terms of source apportionment. Soils from industrial 
areas from Banja Luka (former industrial complex 
Incel) displayed a higher mean value compared to 
those from urban areas, with the mean value of 0.93 
(from 0.2 to 2.5). These values indicate that the most 
likely sources of PAHs in the research area may be 
related to emissions from pyrogenic combustion [25]. 
This was referred to petroleum sources as the primary 

source for PAHs in this area. Previously, the site was 
heat and power plant. Now, there is Banja Luka Heating 
Plant near the complex Incel. This plant can give rise 
to ‘pyrogenic combustion’ emissions of PAHs, partially 
and petrogenic source in some localities (Fig. 1). Similar 
results (pyrogenic sources) were obtained in multi-
industrial city in South Korea [26] and urban soil from 
three European cities: Glasgow (UK), Torino (Italy) and 
Ljubljana (Slovenia) [7].

Fluo/(Fluo + Pyr) ratios ranged from 0 to 1.35 
(mean value of 0.10) (Fig. 1). These values indicate 
that the most likely sources of PAHs is petroleum/
petrogenic source (value < 0.20) [27], except in one 
location. The above is partially confirmed BaA/(BaA + 
Chr) with values are from 0.021 to 1.42 (mean value of 
0.21). These values indicate ratio coal combustion and 
partially petrogenic source and traffic emission in some 
localities (Fig. 1) [27]. 

Ratios of IcdP/(IcdP+BghiP) with mean value 0.56 
(from 0.2 to 0.78) indicated that it is a source of pollution 
of PAHs coal and biomass combustion and partially fuel 
combustion (pyrogenic source) (Fig. 1) [28].

Soil samples were heavily impacted by a variety 
of mixed PAHs sources, where the pyrogenic source 
is predominant. Petrogenic sources have a significant 
contribution to the PAHs in the study area.

PCA was adopted to further analyze the influential 
factors that affected the variation of PAHs components 
concentration. Percentage of variance explained by each 
of the first principal components, and total variance 
explained by the principal components. Distribution 
of sample scores in PCA can indicate the influencing 
factors for the comprehensive variation of variables 
[29]. Each new principal component explains a certain 
part of the total variance of the system. 

Usually, the first principal component (PC1) explains 
the maximal part of the system variation and each 
additional PC has a lesser contribution to the variance 
explanation [30]. 

The primary output for a PCA shows the correlation 
between each variable of a principal component and 
the variable factors (PC1 and PC2), i.e. elements in soil 
samples are affected by two major components. Two 
principal components (PC) with eigenvalues higher than 
1 (PC1 and PC2) (Table 2).

The research was applied factor analysis (FA), a type 
of multivariate statistics, which is used to determine 
the effective variable factors (compounds). FA was 
chosen to explain the correlation structure of the 16 
PAHs compounds using a smaller number of factors 
[31]. FA successfully correlated the PAHs components 
distribution to their main hypothetical origins [32] with 
the use of varimax rotation (orthogonal rotation that 
minimises the number of variables). The aim of FA was 
to create a fewer number of factors by combining two 
or more variables. 

The PC1 factor, which included Ace, Ant, BaA, 
BaP, BbF, BghiP, BkF, Chr, DahA, Flo, Fluo, IcdP and 
Phe was identified according to their coefficients in 

Fig. 1. Diagnostic molecular ratios of PAHs: LMW/HMW, Fluo/
(Fluo+Pyr), BaA/(BaA+Chr) and IcdP/(IcdP+BghiP).
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component matrix. The PC1 factor is in relation with 
burning and was indicative of the coal combustion 
(pyrogenic origin). Ant, BaA, BaP, BbF, BghiP, BkF, 
Chr, DahA, Fluo, IcdP and Phe were strong positively 
loaded (>0.70) [33], i.e. (>0.75) [34] (Table 2). Among 

the relevant compounds, Phe, Fluo, BaA, and Chr are 
typical markers for coal burning [20]. BbF, BkF, BaP, 
IcdP, and BghiP are also important markers from the 
emission of coal combustion [11]. This factor explained 
76.72% of total variance. These results could be linked 
to the presence of a burning, i.e. coal combustion, 
suggest that exposure to PAH may be posing an 
increased risk to human health in locality. The impact of 
pyrolytic contamination from vehicles is also suggested 
by the loaded of Chr and BaA, which are considered 
components of such combustion processes [35]. 
Vehicular emissions and residential wood combustion 
which can all constitute a source of PAHs compounds 
and contribute to their concentrations in soils and other 
media [3]. 

The PC2 factor is petrogenic origin, the PAHs 
are derived from petroleum spills, probably illegal 
waste disposal in location (primarily Acy, Nap and 
Pyr) and explained 7.81% of total variance. Only 
statistically significant loadings (>0.70) are important 
for the modeling and interpretation procedure [30]. 
Acy and Nap were strong positively loaded (>0.70) 
[33], i.e. (>0.75) [34] (Table 2) and characterized by 
the predominance of 2- or 3-ring PAHs. NAP acts as a 
marker for oil and petroleum source [36].

Fig. 2a) shows what PCA is done to combine 
measured variables into a two components, PC1 and 
PC2. From the direction of the arrows that the variables 
(Ace, Acy, Ant, BaA, BaP, BbF, BghiP, BkF, Chr, 
DahA, Flo, Fluo, IcdP Nap, Phe and Pyr) contribute to 
the variable factors. 

The weights to emphasize Ace, Ant, BaA, BaP, BbF, 
BghiP, BkF, Chr, DahA, Flo, Fluo, IcdP and Phe (for 
PC1) and Acy, Nap and Pyr (for PC2) variables more 
than others. 

Using PCA we obtained three factors that clarify 
the grouping of pollutants: factor PC1 represents the 
pyrogenic origin (Ace, Ant, BaA, BaP, BbF, BghiP, 

PC 1 PC 2 Uniqueness

Ace 0.636 0.512 0.333

Acy . 0.907 0.164

Ant 0.829 0.518 0.044

BaA 0.873 . 0.133

BaP 0.930 . 0.096

BbF 0.932 . 0.052

BghiP 0.878 . 0.128

BkF 0.876 . 0.118

Chr 0.911 . 0.080

DahA 0.858 . 0.137

Flo 0.755 0.538 0.140

Fluo 0.871 0.428 0.057

IcdP 0.898 . 0.088

Nap . 0.821 0.182

Phe 0.845 . 0.204

Pyr . 0.594 0.518

Eigenvalue 12.276 1.24957

Variance (%) 76.723 7.8098

Total variance 
(Cum %) 76.723 84.533

Table 2. Component loading for PAHs components, according 
to factor analysis.

Fig. 2. Path diagram a) and Scree plot b).
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BkF, Chr, DahA, Flo, Fluo, IcdP and Phe) and factor 
PC2 represents the petrogenic origin (Acy, Nap and 
Pyr). 

Fig. 2b) show PCA scree plot. Eigen values higher 
than one were taken as a criterion for evaluating the 
principal components required to explain the sources 
of variance in the data. According to varimax rotation 
variance, two factors explained 84.53% of the data total 
variance.

In this research, the hierarchical cluster analysis 
(CA) has been applied to the data, and the Paired group 
(UPGMA) methods distance have been chosen for 
calculation. CA was performed to check the results of 
the PC analysis.

The results of the CA yield a slightly similar result 
like PCA. From the results, two main groups can be 
identified. Pyr and Acy and Ace and Nap (Group 1) and 
other PAHs components (Group 2), which indicated that 
the pollutants in the similar group might have similar 
sources (Fig. 3), which was also confirmed by PCA.

In this industrial complex, the construction of 
commercial and residential buildings is planned. It 
is imperative to initiate urgent remediation in the 
location. Several different remediation technologies can 
be used to remove PAHs in soil [4]. They can be used 
available remedial options (the most efficient and cost 
effective) for remove PAHs from contaminated soils, 
such phytoremediation, thermal conduction, chemical 
oxidation, incineration, soil washing, composting, 
bioreactors etc. Integrating biological and physico-
chemical technologies is also widely practiced for better 
cleanup of PAHs contaminated soils [36].

In order to choose the best remediation technology, 
it is necessary to conduct additional research in 
location, such as vertical and horizontal direction 
and the extent of the PAHs contaminated soil and 
potentially groundwater in the industrial complex that 
are contaminated with PAHs.

Conclusions 

The aim of the study was to measure the PAHs 
concentrations in soil and to evaluate the sources of 
the contamination of soils. This study investigated the 
current status of soil contamination in research area. 
Total concentrations of the PAHs ranged from 0.36 to 
11.49 mg/kg, with mean values of 1.99 mg/kg. Mean 
values indicated that soil were heavily contaminated  
(1 mg/kg) and polluted with III pollution class pollutants 
ranged from 1 to 5 mg/kg.

Two sources of PAHs were identified by FA analysis: 
pyrogenic (coal combustion, vehicle emission and 
incomplete combustion) and petrogenic (from petroleum 
spills, probably illegal waste disposal in location) 
sources, which contributed 76.72% and 7.81% of total 
variance, respectively. Diagnostic ratios also showed 
prevalence of both pyrogenic and petrogenic sources.

The results of this research would be helpful to 
better understand the sources and toxicities of PAHs in 
industrial area in Banja Luka and provide significant 
information in PAHs pollution control.
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