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Abstract

The concentrations and composition of Polychlorinated biphenyls (PCBs) were determined in
soils in an industrial zone. Total PCB concentrations (3 PCB congeners: PCB28, PCB52, PCBI101,
PCBI118, PCB138, PCB153 and PCB180) varied in range from 0.26 to 6722 mg/kg in soil, with a median
of 31.80 mg/kg. These values indicated that the soil is highly polluted. PCB in the subjected area was

the result of anthropogenic activities. The principal component analysis showed that the commercial
PCB products (PCB101, PCB118, PCB138, PCB153 and PCB180) are the main cause of pollution (PCI1
factor), with 79.38% of total variance. The PC2 factor is in relation with the combustion (residential

heating and fire in location), with 17.65% of total variance (lighter chlorinated congeners PCB52 and

PCB2S). Hierarchical cluster analysis indicated that the PCB congeners in the similar group might have

similar sources, which was also confirmed by PCA.
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Introduction

During the preliminary investigations at the
subjected site, Polychlorinated biphenyls (PCBs)
concentrations was tested [1]. Due to a high
contamination with PCB, research has now continued
and determination of PCB concentrations in multiple
locations.

PCBs are a group synthetic persistent organic
pollutants (POPs) that are widespread, toxic, and
ubiquitous in the environment [2-10]. These are
industrial chemicals [11], first produced commercially
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in 1930 [12] and later, widely used in electrical
industries [13]. Their presence is always associated
with anthropogenic sources. The main sources of PCBs
in the environment can be the production of PCBs
in industries, industrial products containing PCBs,
utilization of PCBs, emission from reservoirs polluted
by PCBs and thermal processes [14].

PCBs include 209 different congeners [5]. Seven
PCBs are used as indicator to characterize the
presence of PCB contamination. Six of these seven
are the non-dioxin-like polychlorinated biphenyls

(NDLPCBs) (PCB28 (2,4,4 -trichlorobiphenyl),
PCB52 (2,2',5,5'-tetrachlorobiphenyl), PCBI101
(2,2°,4,5,5-Pentachlorobiphenyl), PCBI138
(2,2°,3,4,4,5’-Hexachlorobiphenyl), PCBI153
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(2,2°,4,4°,5,5’-Hexachlorobiphenyl) and PCBIS80
(2,2°,3,4,4°,5,5’-Heptachlorobiphenyl)), and
one is a dioxin-like PCBs DL-PCB (PCBI1I8
(2,3°,4,4°,5-Pentachlorobiphenyl)) [5].

Soils are usually the source and receptor of
environmental pollutants [15]. PCBs are, therefore,
strongly retained in soils and sediments and important
sources of PCB emissions [14]. Soils have acted as an
important repository or pool of the PCBs [16, 5]. The
majority of PCBs are derived from industrial sources,
hence their concentrations in the environment are
usually higher in the areas of higher industrialization
and population [3].

This research was aimed to a) measure the
concentrations of PCB in soil, b) presentation and
discussion of the data related to contamination of soils
by PCB and, c) estimate their probable sources in an
industrial complex Incel, Banja Luka, Republic of
Srpska, Bosnia and Herzegovina. To investigate the
difference of congener patterns in soil, correlation
analysis, principal component analysis and cluster
analysis for PCB congeners (PCA) were used. Patterns
of PCB congeners were compared between different
sampling sites in an attempt to define similarities
between congeners and to estimate emission sources.

Material and Methods
Study Area

The subject of the research was to determine the
soil pollution (PCB contamination) on the locality
Incel (former industrial complex Incel Banja Luka
Cellulose Factory in the city of Banja Luka, which is
at 3 km distance from the city center. Banja Luka is
the second biggest city in Bosnia and Herzegovina with
the population of 185,000. City is situated in a basin
164 m above sea level. The average annual temperature
reaches 10.7°C. Location is categorized as a hotspot
(waste from cellulose and viscose factory) [17, 18]. Incel
is a former company based in Banja Luka, originally
manufacturing cellulose, viscose and paper products.
During the war of 1991-1995. Incel factory was heavily
damaged which resulted in the emission of various toxic
substances into the neighboring environment [1].

Sampling and Analysis

Total 37 soil sites were selected (0-20 cm) and
extensive sampling was performed during October
2019. The selected sites description is as under:

1. Batteries and e-waste recycling site (12 samples).

2. Hazardous waste collection, storage and destruction
site (5 samples).

3. Hazardous waste collection and storage site

(7 samples).

4. Tllegal disposal of hazardous waste (oils, fats, etc.)
site (6 samples).

5. Discharge of PCBs (oils from transformer stations)
and fire site (7 samples).

Chemical analyses were conducted on the soil
samples, including > PCB and PCB congeners: PCB2S,
PCB52, PCB101, PCBI38, PCBI153 and PCB180. PCB
analysis was performed in laboratory which is accredited
with ISO 17025 standard for PCB measurements by
Gas chromatography, based on the principles described
in Standard Methods with disintegration techniques
and analyzed and according with national legislation
[19] and standards described by ISO 22892:2006, EPA
8082A:2007 and EPA 3546:2007.

Statistical Analysis

A significance level of p value p<0.01 and p<0.001
was used. Descriptive statistical operations were applied
for the analysis of the collected data. Correlation
(Spearman’s, Pearson’s and Kendall test), factor analysis
(principal component analysis) and cluster analysis were
applied for getting the qualitative information about the
possible source of the five kinds of > PCB and PCB
congeners. Excel 2016, JASP 0.8.5.1 softwares were
used for statistical data processing.

Results and Discussion

Total PCB concentrations (Y} PCB congeners:
PCB28, PCB52, PCBI101, PCBI118, PCBI38, PCBI153
and PCBI180) varied in range from 0.26 to 6722 mg/kg
in soil, with a median of 31.80 mg/kg (Table 1 and
Fig. 1). Significant variation in PCB concentrations
in the soils between different sites could partly be
explained by nearness to the sources; another factor,
i.e. wind direction may also play a major role in it.
PCB52 congeners were found with the highest mean
concentration of (9.005 mg/kg), followed by PCB2S,
PCBI01, PCBI118, PCBI138, PCBI180 and PCBI53,
whose mean concentrations were 13.59, 33.87, 57.34,
97.31, 135.80 and 148.40 mg/kg, respectively. Previous
studies indicate that level of PCBs on several sampling
sites in this locality was as high as 400 mg/kg and of
the dry soil sample, which are two folds higher than
on any other investigated site performed by UMASA.
RECETOX [20] and 600 mg/kg [1]. According to the
national standards, all the concentrations of ) PCB
congeners found in this study were significantly higher
than the permissible value of 0.2 mg/kg in agricultural
soils [19]. The median concentration of PCB congeners
was higher than the concentration in industrial sites in
China [13].

Using Kruskal-Wallis test for equal medians, it was
shown that significant differences were found among
these PCB congeners medians (H (chi®) = 32.92, Hc (tie
corrected) = 32.92, p (same) = 2.736E-05).

Skewness test values greater or lesser than 1.96
are sufficient to establish normality of the data (for
all congeners) [21]. Skewness and Kurtosis test for all
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Table 1. Statistical summary of total PCB and PCB congeners (PCB28, PCB52, PCB101, PCB118, PCB138, PCB153 and PCB180).

PCBtotal | PCB28 | PCB52 PCB101 PCBI118 PCB138 PCBI153 PCB180
Valid 37 37 37 37 37 37 37 37
Mean 495.4 13.59 9.005 33.87 57.34 97.31 148.4 135.8
Median 31.80 0.6500 | 1.520 1.470 1.670 2.770 3.250 2.440
Std. Deviation 1238 31.12 14.83 83.92 140.5 236.1 375.4 420.8
Coefficient of Variation 249.95 22891 | 164.70 247.74 245.09 242.63 25291 309.78
Variance 1.533e+6 968.4 220.0 7042 1.975e+4 5.575e+4 1.409e+5 | 1.771et+5
Skewness 3.952 2.945 2.193 3.677 3.455 3.371 3.554 4.632
Kurtosis 18.14 8.453 4.833 15.08 13.29 12.87 14.44 23.82
Range 6722 139.8 61.64 434.7 709.3 1190 1933 2385
Minimum 0.26 0.01 0.01 0.01 0.02 0.04 0.03 0.01
Maximum 6722 139.8 61.65 434.7 709.3 1190 1933 2385
B =
20001 —
157504
500
0750 —_—
500
2501
’ z_ + = — - - -

Fig. 1. Box and jitter plot.

congeners shown that data distribution is not normal.
Coefficient of variation (CV) (as an index variability),
indicates high anthropogenic contribution (>0.90) [21].
Fig. 2 is showing high variation PCB congeners
in all sites. Frequency of PCB congeners in soil in
five location (median values) is shown in Fig. 3.
The highest total PCB mass fraction was found in
Location 5 (central areas of industrial zone) (Discharge
of PCBs and fire site) (1754 mg/kg). In location
1, high concentrations of chlorinated congeners
(PCBI138, PCBI53 and PCBI180) were found which
was due to nearness of batteries and e-waste recycling
facilities. PCBs in electrical equipment are potentially
the greatest source of environmental pollution by
PCBs and they are considered as a priority source of
environment pollution by PCBs [14], which were also
confirmed by the results of this study. Electronic waste

(e-waste) recycling facilities were adding higher PCB
concentrations in soil [23]. Thus, the investigation of
Leung et al (2006) and Tu et al. (2017) [24, 5], showed
that soil may be polluted with PCBs due to the improper
handling and recycling of electronic waste (e-waste)
and storage of old capacitor equipment. In location
3, highly hydrophobic PCB28 (lighter chlorinated
congener) were in higher concentrations which was
hazardous waste collection and storage site, indicating
that the site is not the primary source of pollution in
the Incel area, but secondary. Contamination was due
to secondary collection and disposal of site waste and
atmospheric transport from other locations. As shown in
Fig. 3, Hexa-chlorinated PCB138 and PCBI180 (Highly
chlorinated congeners) had high median concentration
in Location 4 (due to illegal disposal of hazardous
waste i.e.oils, fats, etc.)). Similar values were obtained
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Fig. 2. Frequency of PCB congeners in soil in five location (35 samples).

at Location 2 (due to hazardous waste collection,
storage and destruction). Values of PCB in Location
5 (with higher median values Y PCB) is co-related to
discharge of PCBs (oils from transformer stations)
and fire. In location 5 PCBI153 had high median
value. PCBI153 is highly chlorinated congeners and
high highly congeners of PCBs in location 4 might be
associated with discharge and burning of electric cables
from transformers. Highly chlorinated PCBs congeners
tend to remain closer to their source regions [25],
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as confirmed by the results of this study. PCBI18 As
shown in Fig. 2 and 3, PCBI118, a mono-ortho congener
and the most abundant congener in location 5, has the
highest potential toxicity among the 13 congeners, with
its toxic equivalency factors as 0.0001 recommended by
the WHO [15].

The correlation analysis for total PCB and PCB
congeners are shown in Table 2. The results of the
correlation analysis for indicators (congeners) is positive
for the level of significance p<0.001 (Pearson’s and

‘ @pPCB28 ®@PCBS2 OPCB101 OPCB118 ®PCB138 @PCB153 B®PCB180

Fig. 3. Frequency of PCB congeners in soil in five location.



Occurrence of Specific Polychlorinated Biphenyls... 639
Table 2. Correlation between PCB congeners.
Pearson Spearman Kendall
r p rho p tau B p
Y PCB-PCB28 -0.051 0.764 0.681 *** <0.001 0.480 *** <0.001
> PCB-PCB52 0.697 *** <0.001 0.873 *** <0.001 0.683 *** <0.001
> PCB-PCBI101 0.982 *** <0.001 0.971 *** <0.001 0.877 *** <0.001
>PCB-PCBI118 0.984 *** <0.001 0.966 *** <0.001 0.881 *** <0.001
> PCB-PCB138 0.989 *** <0.001 0.940 *** <0.001 0.83] *** <0.001
YPCB-PCBI153 0.991 *** <0.001 0.919 *** <0.001 0.808 *** <0.001
Y PCB-PCB180 0.959 *** <0.001 0.836 *** <0.001 0.694 k% <0.001
PCB28-PCB52 0.591 #** <0.001 0.904 *** <0.001 0.746 *** <0.001
PCB28-PCB101 -0.051 0.765 0.675 *** <0.001 0.477 **x* <0.001
PCB28-PCB118 -0.064 0.705 0.661 *** <0.001 0.457 *** <0.001
PCB28-PCB138 -0.085 0.616 0.509 ** 0.001 0.328 ** 0.004
PCB28-PCB153 -0.092 0.589 0.481 ** 0.003 0.314 ** 0.006
PCB28-PCB180 -0.083 0.623 0.296 0.075 0.177 0.126
PCB52-PCB101 0.707 *** <0.001 0.874 **%* <0.001 0.686 *** <0.001
PCB52-PCB118 0.702 ##* <0.001 0.85] <0.001 0.663 *** <0.001
PCB52-PCB138 0.678 *** <0.001 0.739 *** <0.001 0.543 *** <0.001
PCB52-PCBI153 0.669 *** <0.001 0.697 *** <0.001 0.514 **x* <0.001
PCB52-PCB180 0.621 *** <0.001 0.538 *** <0.001 0.384 *** <0.001
PCBI101-PCB118 0.997 *** <0.001 0.959 *** <0.001 0.843 #** <0.001
PCB101-PCB138 0.992 *** <0.001 0.945 #** <0.001 0.825 *** <0.001
PCB101-PCB153 0.993 *** <0.001 0.900 *** <0.001 0.763 *** <0.001
PCB101-PCBI180 0.894 *** <0.001 0.814 *** <0.001 0.643 *** <0.001
PCB118-PCB138 0.997 *** <0.001 0.949 *** <0.001 0.838 *** <0.001
PCB118-PCB153 0.995 *** <0.001 0.957 *** <0.001 0.848 *** <0.001
PCB118-PCB180 0.894 ##* <0.001 0.872 *** <0.001 0.710 *** <0.001
PCBI138-PCB153 0.998 *** <0.001 0.962 *** <0.001 0.855 **%* <0.001
PCB138-PCBI180 0.910 *** <0.001 0.932 #** <0.001 0.794 #** <0.001
PCB153-PCBI180 0.916 *** <0.001 0.966 *** <0.001 0.853 #** <0.001

% p<0.01, *** p<0.001

Spearman’s Correlation Coefficient test), except for
PCB28 correlation with congeners PCB101, PCBI18,
PCBI138, PCBI153 and PCBI180.

Correlation between Y PCB with PCBI101, PCBI18,
PCBI38, PCBI53, PCBI180; PCBI10l with PCBIIS,
PCBI38, PCBI53, PCBI180; PCBI118 with PCBI138,
PCBI153, PCBI80; PCB138 with PCB153 and PCBI80;
PCBI53 and PCBIS80 is a strong positive correlation,
which means that high X variable (3PCB; PCBI101;
PCBI118; PCBI38; PCBI153) scores go with high Y
variable scores (PCBI101, PCBI118, PCBI38, PCBI153,
PCBI80; PCBI118, PCBI138, PCB153, PCBI180; PCB138,

PCBI153, PCBI180; PCB153 and PCB180; PCBI180) (and
vice versa). The value of R is 0.9823, 0.9835, 0.989,
0.9909, 0.9585, 0.9966, 0.9923, 0.9935, 0.8942, 0.997,
0.9955, 0.894, 0.9985, 0.9099 and 0.9163, respectively.
The value of R2, the coefficient of determination, is
0.9649, 0.9673, 0.9781, 0.9819, 0.9187, 0.9932, 0.9847,
0.987, 0.7996, 0.994, 0.991, 0.7992, 0.997, 0.8279 and
0.8396, respectively.

Correlation of Y PCB with PCB 53; PCB28 with
PCB52; PCB52 with PCBI101, PCB118, PCB138, PCBI153
and PCBI80 is a moderate positive correlation which
means there is a tendency for high X variable scores
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Table 3. Component loading for PCB congeners and eigenvalue
and percentage variance for factors.

PC1 PC2 Uniqueness
PCB101 0.989 0.086 0.014
PCBI118 0.991 0.074 0.011
PCB138 0.995 . 0.008
PCB153 0.996 . 0.007
PCB180 0.935 . 0.125
PCB28 -0.137 0.979 0.022
PCBS52 0.654 0.727 0.044
Eigenvalue 6.35049 | 1.41221
Variance (%) 79.381 | 17.653
Total variance (Cum %) | 79.381 | 97.034

go with high Y variables scores (and vice versa). The
values of R are 0.6973, 0.5914, 0.707, 0.702, 0.678, 0.669
and 0.621, respectively. The value of R2, the coefficient
of determination, are 0.4862, 0.3498, 0.4998, 0.4925,
0.4598, 0.447 and 0.3851, respectively.

Correlation of Y PCB with PCB2§; PCB28 with
PCBI101, PCB118, PCB138, PCBI153 and PCBI180 is
technically a negative correlation, the relationship
between variables is only weak. The value of R are
-0.051, -0.0509, -0.0643, -0.0852, -0.0919 and -0.0835,
respectively. The value of R2, the coefficient of
determination, are 0.0026, 0.0026, 0.0041, 0.0073,
0.0084 and 0.007, respectively.

So, the results confirm the Spearman and Kurtosis
test that variables are not normally distributed and more
important is the Spearman rank correlation method.
Such results suggest that these PCB congeners pairs
might have similar sources or have been affected by
similar factors.

To investigate the difference of congener patterns
in soil, factor analysis (FA) was applied, i.e. principal
component analysis (PCA). The primary output for a
PCA shows the correlation between each variable (PCB
congeners) of a principal component and the variable
factors (PC1 and PC2) (Table 3).

PCA creates one or more index variables
(components) from a set of measured variables. In this
study (Table 3, Fig. 4a), 97.73% of the variability in
seven variables (PCB congeners) was explained by two
components, PC1 and PC2. The relationships among
indicators (congeners) are displayed in the score plot
(Fig. 2a). From the direction of the arrows that the
variables (PCB congeners) contribute to the variable
factors. The weights to emphasize PCBI101, PCBI18,
PCBI138, PCB153 and PCBI180 (for PC1), and PCB28
and PCB52 (for PC2) variables more than others.

Using PCA we obtained two factors that clarify the
grouping of pollutants: factor PC1 represents the highly
chlorinated biphenyls (PCB118, PCB138, PCBI53 and

~{ PCB28
PCB 180
(o= —{ PCB 138
(PC1] |
R~ PcB 118

PCB 101

b)

- Data
-4 Simulated (95th quantile)

Eigenvalue

Components

Fig. 4. Path diagram(a) and scree plot b).

PCBI180) and one the lighter congeners (PCB10l),
factor PC2 represents the lighter congeners like PCB28
and PCB52. Highly chlorinated congeners, due to its
properties, tend to remain closer to their sources [25].
Lighter chlorinated congeners show higher volatility and
higher potential for long-range atmospheric transport
compared with higher chlorinated PCBs congeners
[26].

The PCI factor was primarily associated with highly
chlorinated biphenyls (PCBI101, PCBI18, PCBI38,
PCBI53 and PCBI180) in general, and explained 79.38%
of total variance. All PCB congeners were strong
and positively loaded (>0.75) [27] (Table 3). These
compounds are the main components of technical
PCB mixtures [28] and their presence in soils indicate
commercial PCB products as their source in soil [26].

The PC2 factor is in relation with the combustion. In
coal and hardwood combustion emissions are dominated
by PCB52 and PCB28 [29]. This factor was attributed
to coal and wood combustion (residential heating).
This factor explained 17.65% of total variance. PCB28
was strong and positively loaded (>0.75). PCB52 was
moderate loaded (0.75-0.50) (Table 3) [27]. PCB28 and
PCB52 in soil to be higher half-life 10.9 and 11.2 years,
respectively [15], as lighter congener might be reflecting
fresh inputs [23] and be due to atmospheric transport
from the emission from other location.

Fig. 4b) is showing PCA scree plot. Eigen values
higher than one were taken as criterion for evaluating
the principal components required to explain the
sources of variance in the data. According to varimax
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Fig. 5. Results of cluster analysis for a) PCB congeners and b) locations.
the rotation method, two factors explained 97.73% of Total PCB concentrations (3 PCB congeners:

the total variance.

The hierarchical cluster analysis (CA) for PCB
congeners was applied to the data, and the Paired group
(UPGMA) methods distance 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 results, two main groups were identified.
PCB28 and PCB52 and PCBI101 and PCB118 (Group 1)
and other PCB congeners (PCB138, PCB153 and PCB
160) (Group 2), which indicated that the PCB congeners
in the similar group might have similar sources
(Fig. 5a), which was also confirmed by PCA.

The results of the CA per location confirmed
results like PCA. From the results, two five groups
were identified. Basically, five locations confirm five
group 1), which indicated that the PCB congeners in
location have similar sources (Fig. 5b), which was also
confirmed by PCA.

Conclusions
Results from the study confirmed the soil

contamination by polychlorinated biphenyl (PCB) oils
from transformer stations in the vicinity of the Factory.

PCB28, PCB52, PCBI101, PCBI118, PCBI38, PCBI53
and PCBI80) varied in range from 0.26 to 6722 mg/kg
in soil, with a median of 31.80 mg/kg. According to
the national standards, the concentrations of (3 PCB
congeners: PCB28, PCB52, PCB101, PCB118, PCB138,
PCBI153 and PCBI180) found significantly higher than
their maximum admissible value of 0.2 mg/kg.

Principal ~ component analysis shown  that
commercial PCB products and highly chlorinated
biphenyls (PCB101, PCBI118, PCBI38, PCBI53 and
PCBI80) are the main cause of soil pollution (PCl
factor), with 79.38% of total variance. The PC2
factor is in relation with the combustion. In coal and
hardwood, combustion emissions are dominated by
lighter chlorinated congeners by PCB52 and PCB28.
This factor was attributed to coal and wood combustion
(residential heating), with 17.65% of total variance.

From the results of hierarchical cluster analysis,
two main groups of PCBs were identified i.e.PCB28§
and PCB52 and PCBI101 and PCBI118 (Group 1) and
other PCB congeners (PCBI138, PCB153 and PCB 160)
(Group 2), which indicated that the PCB congeners in
the similar group might have similar sources, which
was also confirmed by PCA. The results of the CA per
location confirm result like PCA.
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The frequency of PCB congeners in soil in five
locations (median values) indicated that values of total
PCB (XPCB) and PCB congeners in soils in location
depends on the activity at the site (e-waste recycling,
hazardous waste collection, illegal disposal of hazardous
waste or discharge of PCBs and fire).

Furthermore, results of this study reflects the effects
of uncontrolled industrial and storage activitics at
the subjected site. This is the first study on levels of
PCB congeners in industrial soils in Banja Luka and
provides baseline information for further studies and
additional investigation about this industrial zone. Near
industrial zone need to determine the risk level in this
area, it is necessary to investigate the exposure of food
and people to PCBs.
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