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IN SOIL NEAR STANARI (B&H)

Abstract: Soil pollution arises as a consequence of humétvitags, such as agriculture, industrial projeaad
mining. Toxic elements in the soil manifest in floem of liquid metals. These activities, particlyathermal
power plants and mining, constitute the primaryrsesi of soil pollution that surpass standard levtslution of
soil around coal mines and power plants occursrasudt of the emission of potentially harmful nigtand other
pollutants into the air, which then settle on thi. $otentially harmful metals represent a verpariant group of
environmental pollutants because they are potemghbolic inhibitors. The paper describes resefirohised on
presenting and discussing data related to soilpoti by potentially harmful metals near the Stahine and
Thermal Power Plant in the Republic of Srpska, Bosmd Herzegovina. Ecological risk were assesssddon
the concentrations of selected metals (Fe, MNNPKCr, Zn, Co and Hg) in nine surface soil sampéden from
the sites around the thermal power plant Standré fesearch expended through two-years period (208
2020). Various statistical measures such as modeliam, mean, standard deviation, coefficient ofiatin,
variance, skewness, kurtosis, and Shapiro-Wilk testilts have been provided for each elemEathas the
highest mean concentration (23195 mg/kg) followgdvim, Pb, Ni, Cr, Zn, Cu, and HECA analysis provides
information on the relationship between metals thiedkwo components, as well as the amount of vegiam each
variable that is not explained by these components.
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I ntroduction

The widespread contamination of soil by potentiatigrmful (toxic) metals has
emerged as a significant global apprehension [d]tea major component of the biosphere
that is exposed to pollutants such as potentiayniful metals [2]. Soil pollution is
a serious environmental issue that can have haeffiedts on plant and animal life, as well
as human health. Toxic elements (usually calledidignetals) in the soil are present due to
agricultural and other anthropogenic activitieshsas mining, thermal power plants and
other industrial projects. These activities are thain cause of soil contamination
exceeding standard levels [3]. Soil pollution frewal mines and power plants occurs as
a result of the emission of metals and other pafitg, including organic pollutants [4-8]
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into the air, which then settle on the soil. Thd serves as the main reservoir for both
pollutants and biota, facilitating the transfereémental pollutants to living organisms,
groundwater, food crops, and the surrounding enwitent [9]. These metals can be toxic
to plant and animal life, as well as to humans vedooasume contaminated plants and
animals. Additionally, some of these pollutants edso reach groundwater, which further
increases the risk of environmental pollution ardlth problems [10]. The pollution of soil
from coal mines and power plants may be due toethéssion of metals, such as lead,
cadmium, mercury, and arsenic, as well as otheardazis substances, such as carbon
monoxide and sulphur dioxide, which are releasetihduthe combustion of coal. These
pollutants can be deposited in the soil, contarmgait and affecting its fertility and
quality.

When present in elevated concentrations, poteptielmful metals primarily disrupt
the microbiological balance of the soil and ineviyaalter its structural composition.
As these metals accumulate in the soil, they aserdled by plants and subsequently enter
the food chain, posing a risk to both animals amehdns [11, 12].

A study conducted in China showed high levels akptially harmful metals in soil
around power plants, including lead, cadmium, aedcuory [13].

The impact range of metal emissions from coal-fipeaver plants on soil quality
tends to be comparable across different locati®esearch conducted in India on land
surrounding the Delhi Thermal Power Plant estimataid influence to extend up to
approximately 4 km [1, 12]. Other studies have pites a more precise assessment,
indicating that metal concentrations are notabdywated within a 2 km to 4 km radius from
the power plant, particularly along the dominamavdirection [14, 15].

Potentially harmful metals are often a problemhia $oils around thermal power plants
in Republic of Srpska and Bosnia and HerzegovitmusT in the research of soil loading in
the Gacko coal basin in Republic of Srpska, comatiohs above the limit values for Ni,
Cd and Cr were found [16].

While thermal power plants will be phased out ire tboming decades due to
decarbonisation efforts, their legacy will remdinis for this reason that research like this
paper is crucial for regions across the globe. Type of study enables us to understand the
long-term environmental impacts of industrial aitibs better and to develop more
effective strategies for mitigating these effecthius contributing to sustainable
development and the protection of natural resources

This study aims to present and analyse data on amitamination caused by
potentially harmful metals. The main objective wasssess the extent of soil pollution in
the vicinity of the Mine and Thermal Power PlantStanari (TPP), Republic of Srpska,
Bosnia and Herzegovina.

Experimental section
Study region

Stanari is a municipality situated in the RepuldlfcSrpska, an entity within Bosnia
and Herzegovina. The Stanari coal basin is positidretween 44°40' and 44°50' N latitude
and 17°45' and 18°00' E longitude, located in thehern part of the Republic of Srpska.
The Power Plants Stanari, which includes both & m@e and a thermal power plant with
a capacity of 300 MW, are situated in close pro&in the city of Stanari. The estimated
coal reserves in this region are approximately fllom tonnes (tonne = 0y = Mg).
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Sampling and analysis

In 2018 and 2020, soil samples were collected @ 2@ samples. Soil samples from
the surface layer (0-30) cm depth were taken faityais in nine locations around the coal
basin Stanari: thermal power plant Stanari and gpeRaskovac (Fig. 1). Coordinates of
location of soil samples are shown in Table 1.

Study area §

Fig. 1. Position of TPP Stanari and soil sampleation

Table 1
Coordinates of location of soil samples

L ocation GPS coordinates _
Y X Altitude Z
1 6483887.00 4956984.00 166.56
2 6483925.50 4957141.50 167.50
3 6483649.50 4956347.50 166.40
4 6483802.00 4956512.97 167.34
5 6483749.50 4956877.50 172.24
6 6484253.50 4956535.00 168.80
7 6484042.00 4956487.00 167.40
8 6483973.50 4956734.00 167.20
9 6484070.00 4956586.50 167.30

The chemical analysis of the soil included the eteation of the content of toxic
metals (Fe, Mn, Pb, Cd, Ni, Cr, Zn, Cu and Hg)mg/kg. The concentration of toxic
metals was determined following the guidelines inat in Standard Methods, utilising
appropriate disintegration techniques. The analgkise, Mn, Pb, Cd, Ni, Cr, Zn, and Cu
was conducted in accordance with BAS ISO 11466:2Q@) and BAS ISO 11047:2000
[18], while Hg was analysed using Hydride technique

Ecological Risk Assessment

Ecological Risk Assessment employed several keyarpaters, including the
Contamination FactorCF, Pollution Load Index,PLI, Ecological Risk Index,ERI,
Geoaccumulation Indekye, and Degree of Soil Load.



3C Nenad Malk, Predrag I and Sanja Mrazovac Kurdli

Contamination Factor, CF

Following the Tomlinson model [19], the contamioatifactor was calculated by
determining the ratio of metal concentrations ia $bil to their respective threshold values.
According to national regulations, the establishient concentrations for the analysed
metals are as follows: 85 mg/kg for Pb, 35 mg/kgNg 100 mg/kg for Cr, 140 mg/kg for
Zn, 36 mg/kg for Cu, and 0.30 mg/kg for Hg [20].idtimportant to mention that no
established limit values exist for Fe, and Mn i$ mzluded in the calculations for toxic
metals. Given that these limit values can vary fiaame country to anotheGF values may
differ even when the metal concentrations are #mes[21].CF serves as a crucial metric
for monitoring metal contamination in the soil [2Gquation (1) is utilised for the
calculation ofCF:

CF Potential toxic element conc.in study area

= 1
Potential toxic element conc. (limit values) @)

The CF is classified into four categories based on thell®f soil contamination.
A CF. value below 1 indicates a low degree of contanivnatvalues between 1 and 3
represent moderate contamination, values from @ $ignify considerable contamination,
while aCF. value of 6 or higher denotes a very high degreoaofamination [22].

Pollution Load Index, PLI

The Pollution load index is utilised for an overallaluation of metal contamination at
a specific site or area [23]. It is derived fr@k values to assess the extent of toxic metal
pollution, determine the condition of the soil, agdide decisions regarding necessary
remediation measuref21]. The PLI was computed using the formula presented in the
following equation [23]:

PLI = \/CF1-CF2-CF3-...- CF, 2)

CF to CF, represents the contamination levels of individuatals, where n denotes the
total number of analysed metals.PAl value greater than 1 signifies the presence of soi
pollution [21].

Ecological Risk Index, ERI

The potential ecological risk index method, propbisg Hakanson [23], was applied to
assess the potential ecological risk associatech wibil contamination [24, 25].
The ecological risk indexgRI for toxic metals in soil is determined using tagproach to
evaluate their overall impact:

ERI =T, - CF ()

The toxic response factoT,§ represents the relative toxicity of each metdijlevthe
CF indicates the concentration of metals in the Sdile T, values for the analysed metals
are as follows Mn =1, Pb =5, Ni =5, Cr = 2, Zi~Cu = 5, Hg = 40. Factor for Fe not
available. The ecological risk is classified inieef categories based on the ecological risk
index as follows:

- ERI <40 - Low ecological risk
- 40<ERI < 80 - Moderate ecological risk
- 80<ERI <160 - Appreciable ecological risk
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- 160<ERI < 320 - High ecological risk
- ERI > 320 - Serious ecological risk

These classifications provide a systematic waysskssing and categorising the level
of ecological risk associated with the metal comieions in the soil, with higheERI
values indicating a greater potential for advers®agical impact$24, 26-29.

Statistical analysis

Statistical data processing was conducted to exahia relationships between metal
concentrations, utilising correlation analysisderitify potential associations. The Bivariate
Correlations study, specifically employing the Spean’s correlation coefficient test, was
conducted. A significance level was setpatalues less than 0.05 apdvalues less than
0.001. In addition to correlation analysis, degdtr@ statistical methods were applied,
including calculations of mean, median, standardadi®n, SD, variance, minimum (Min.),
maximum (Max.), as well as Skewness and Kurtositsstdo comprehensively analyse the
measured data. These operations provided a commmigbeunderstanding of the central
tendency, variability, and distribution charactéicis of the dataset. To gain qualitative
insights into the sources of the eight types ofatsetfurther statistical analyses, including
correlation Spearman’s correlation coefficient sasd factor analysis, specifically Principal
Component AnalysisPCA, were employed to assess pollutant distributiod &ientify
underlying patterns in the data. These analysesditim uncover patterns and associations
among the pollutants. The entire statistical datac@ssing was carried out using Excel
2016 and JASP 0.8.5.1 software, ensuring robustamoedrate analysis of the collected
data.

Results and discussion

Assessment of toxic metal levelsin soil and statistical evaluation

In the research, the concentrations of toxic metedse measured and recorded.
Subsequently, all the gathered data underwenalimtocessing for statistical analysis, and
the results are presented in Table 2. This tableseas a comprehensive summary of the
statistical properties and characteristics of th&ict metal concentrations, providing
valuable insights into the distribution, centraidencies, and variability within the dataset.
The given data represents the analysis of soil Efpr various elements, including Fe,
Mn, Pb, Ni, Cr, Zn, Cu, and Hg. The different stitial measures such as mode, median,
mean, standard deviation, coefficient of variatioigriance, skewness, kurtosis, and
Shapiro-Wilk test results have been provided faheslement. As can be seen, Fe exhibits
the highest average concentration among the ambfyséutants (23.195 mg/kg), followed
by Mn, Ni, Zn, Cr, Cu, Pb, and Hg, with their resfpge mean concentrations as follows:
(915.10, 136.67, 72.39, 71.01, 23.15, 18.10 antl)Griy/kg, respectively.

From the given data, it can be observed that tamehts have different ranges and
levels of variability, with some elements havingigh standard deviation and coefficient of
variation, indicating greater variability in thaoncentrations. Some elements such as Pb,
Cr, and Hg have higher skewness and kurtosis valndiating that their distribution is
highly skewed and may have outliers.

The significance of Skewness test values is asdess#ng specific thresholds:
an absolute value exceeding 1.96 or below —1.98atek significance gt < 0.05, values
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greater than 2.58 or less than —2.58 are signifiagm< 0.01, while values surpassing 3.29
or dropping below —3.29 are considered signifiGmt < 0.001. In some cases, especially
with small sample sizes, values greater or ledsan t11.96 may suffice to establish the
normality of the data [30]. Upon conducting the Bkess test for Pb, Cd, and Cu, it was
observed that the data distribution is not normhlis observation is further corroborated by
the Kurtosis test, indicating a departure from anrad distribution. These findings suggest
that the data for Pb, Cd, and Cu may exhibit skewrand kurtosis significant enough to
deviate from the assumptions of normality.

Table 2
Statistical summary of the content of toxic mefaig/kg]
St Element) o Mn Pb Ni cr Zn cu Hg
Mode 19400 230 15.0 250 0 39 21.9 0.1(
Median 22700 820 16.4 63 54 66 22.4 0.09
Mean 23200 920 18.1 140 71 72 23.2 0.11
b} 8900 550 9.3 130 58 31 9.9 0.13
Coefficient of
variation 0.38 0.60 0.52 0.94 0.82 0.43 0.43 1.11
Variance 8. 10 298635 87 16377 3408 951 98 0.02
Skewness —0.18 0.52 2.38 1.18 1.5( 2.48 0.85 413
Kurtosis 0.71 —0.86 7.33 0.61 3.29 7.87 0.3 17.86
Shapiro-Wilk 0.96 0.92 0.76 0.82 0.88 0.76| 0.93 304
P-value of 0.53 0.08 <.001| 0.002 0.02 <.001 0.16 <.001
Shapiro-Wilk ) ) ) ) ) ) ) )
Minimum 1932 232 8 22 0.05 38 10.3 0.05
Maximum 42000 2024 50 469 247 180 46 0.6

The coefficient of variationCV, which measures variability relative to the sample
mean, is commonly used in environmental studiesvaduate the extent of anthropogenic
influence. ACV less than 0.10 or greater than 0.90 signifies domt high anthropogenic
contributions, respectively [31]. Upon analysiswiéas found that only the pollutant Hg
exhibited aCV greater than 0.90. Specifically, values for Ni, ®mn, Pb, Cu, Zn, and Fe
were calculated as 0.936, 0.822, 0.597, 0.515,80@226, and 0.384, respectively. These
results indicate that the average anthropogenitribotion and pollutant concentrations in
soil samples remained relatively consistent acdifésrent locations, except for Hg, which
exhibited significant variation. The Shapiro-Wilkst results show that some elements such
as Pb, Ni, Cr, and Hg hayevalues less than 0.05, indicating that they do fodbw
a normal distribution. The maximum and minimum esldor each element show the range
of concentrations found in the soil samples.

The comparison of obtained metal concentrationsh wiational regulatory limits
indicates that Ni, Cr, Zn, Cu, and Hg exceed thespective thresholds in certain locations,
while Pb remains within safe limits. Nickel (meaB6167 mg/kg, Max. 469 mg/kg)
presents the most significant contamination, coastl/ surpassing the 35 mg/kg limit.
Although Cr (Max. 247 mg/kg), Zn (Max. 180.90 mg/k@u (Max. 46.30 mg/kg), and Hg
(Max. 0.63 mg/kg) exceed their respective limit®qImg/kg, 140 mg/kg, 36 mg/kg, and
0.30 mg/kg), their mean concentrations remain withicceptable ranges, indicating
localised contamination.
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Correlation analysis

The results of the correlation analysis are preskim Figure 2. A strong positive
correlation p < 0.001) was observed between Mn and Ni, Mn and®Brand Zn, as well as
Ni and Cr. Additionally, significant correlationp & 0.001) were identified between Mn
and Pb, Mn and Cu, Mn and Hg, Pb and Ni, and Ni @ug based on Spearman’s
correlation coefficient test.

Fe - 0.188 0.106 029 0.143 0278 o021 0138
Mn— D188
Pb— 0108
Ni— 028
Cr— 0443
Zn 0.278
Cu 0.021

Hg - -0.13e

< - ¢° - < 5 ¢ B
"p<0.05"" p<0.001

Fig. 2. Correlation between toxic metals-Pearsoe&gmap

Correlation Ni and Cr/Mn and Ni have the valudRds 0.871 and 0.794, respectively.

There exists a strong positive correlation, indiwatthat elevated Ni/Mn variable
scores correspond to heightened Cr/Ni variableescand vice versa. The coefficient of
determinationR?, for these associations is 0.8989 and 0.631pentively.

The correlation between Mn and Cr yieldsRmalue of 0.708, indicating a moderate
positive correlation. The coefficient of determioat (R?) for this correlation is 0.5011.
Other correlations in the dataset are character@@dmoderate positive and weak.
The variables do not follow a normal distributioimderscoring the relevance of the
Spearman rank correlation method. Based on Spe&ncarrelation, the relationships
between the variables were analysed to identifyiBagint associations (Ni and Cr; Mn and
Ni; Mn and Cr) are deemed statistically significdnt conventional standards. These
outcomes suggest that these pairs of pollutants shaye common sources or have been
influenced by similar factors. Correlation analysislues for other pollutants are not
deemed relevant in this context.
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Principal component analysis

Factor Analysis,FA was applied in this research to identify the midluential
variables. The purpose BA is to reduce the number of variables by groupéeigted ones
into fewer factors. Given the complexity of envinoental data, factor analysis helps in
extracting key components that define a theorefreahework [32]. Principal Component
Analysis, PCA was utilised, with the primary output displayintgetcorrelation between
each variable and the principal components (RC1R@#), as shown in Table 3.

Table 3
Component loading for toxic metals
Element RC1 RC2 Unigueness
Mn 0.845 0.152
Ni 0.837 0.115
Cr 0.815 0.239
Cu 0.763 0.430
Hg 0.711 0.447
Zn 0.911 0.149
Pb 0.866 0.176
Fe 0.437 0.805

PCA is a robust pattern recognition technique designeekplain the variance within
a large dataset of intercorrelated variables usingmaller set of independent variables
[33]. Its data reduction approach involves genmgatbne or more index variables
(components) derived from the original measuredabées. The Figure 3a shows the
component loadings for potentially harmful metalhich are measured in terms of RC1
and RC2. These components are expressions formédeday combinations of the original
variables, designed to capture the highest posaii@unt of variation present in the data.
The uniqueness represents the proportion of vagiameach variable that is not explained
by the two components. The direction of the arramdicates the contribution of the
variables (Mn, Ni, Cr, Cu, Hg, Zn, Pb, and Fe) ke tvariable factors. The weights
emphasise Mn, Ni, Cr, Cu, and Hg more for RC1, and Pb, and Fe more for RC2,
compared to the other variables. The componenirigegkrves as a measure of the strength
of the relationship between each variable and #ispective components. The uniqueness
values for each variable indicate the proportiowariance that is not accounted for by the
two components. For example, Cu and Hg have highueness values, indicating that
much of their variance is not explained by the ttlenponents. ThrougRCA, two factors
were derived to elucidate the grouping of pollusamtactor RC1 primarily represents the
toxic metal factor, encompassing Mn, Ni, Cr, Cu, Ag, Pb, and Fe and can be interpreted
as a factor of metals that are usually presentiis as a result of anthropogenic activities,
such as industrial processes, agriculture, miramgl, the like. These metals are known for
their toxicity and can adversely affect human andnal health if present in excessive
amounts. Factor RC2 represents the second grouglsm@n, Pb and Fe) and can be
interpreted as a factor of grouped metals thahaterally present in soils. These metals are
usually present in soils as a result of naturall@gioal processes and erosion, and their
concentrations in soils can vary depending on tkegmaphical area and geological
characteristics of the soil. These metals can l#uligs plant nutrients in appropriate
concentration, but can be toxic if present in exsgEsamounts.
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The RC1 factor represents the anthropogenic infleesn metal distribution at the
study location, encompassing Mn, Ni, Cr, Cu, Hg, Ph, and Fe, and accounting for 68 %
of the total variance. Mn, Ni, Cr, and Cu exhibitgtbng positive loadings (> 0.75), while
Hg showed a moderate loading (0.50-0.75) (Tablasd34). Hg is not an essential element
at low concentrations for any living organisms. Hinaturally occurring element in the
Earth’'s crust, can enter the environment througturah processes but is predominantly
introduced by human activitief83].

The RC2 factor is associated with natural enviromaeprocesses in the study area,
explaining 32 % of the total variance. Zn and Pbpldiyed strong positive loadings
(> 0.75), whereas Fe had a weak loading (0.30-QEdbles 3 and 4).

Table 4
Eigenvalue and percentage variance for factors
RC Eigenvalue [-] Variance [%]
1 3.73 68
2 1.75 32
a) (o2 O C b)
3.0
Data
2.5 : Sm‘\ulaled data from parallel analysis /E
S — | Pb F
© 2.0 [Ro2 Q/QF‘E
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Component
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Fig. 3. a) Path diagram and b) scree plot

The scree plot shows that the samples differ imseof metal concentrations in the
soil. In summaryPCA analysis enabled us to identify two main composi¢hat explain
most of the variance in the data and interpretehssmponents in the context of the
presence of potentially harmful and natural meatatbe soil.

Research has shown similar conclusions regardiagabtors of potentially harmful
metals and grouped metals in soils. A study inv@uhe analysis of Mn, Ni, Cr, Cu, and
Hg in soils around several industrial zones in @HB¥] found comparable results. On the
other hand, a study about metal concentration®iis from different geological areas in
Spain and identified factors including Zn, Pb, &dl[35]. These studies demonstrate that
metal concentrations in soils vary depending orgggghical location and different sources
of pollution. However, they all agree that excessiencentrations of metals in soils can be
harmful to human and animal health, and careful itndng of pollution levels in soils is
necessary.

In Figure 3b, thé>CA scree plot is presented. Eigenvalues exceedingvene used as
a criterion for determining the principal comporenecessary to elucidate the sources of
variance in the data. Employing the applied rotatitethod, Promax, it was observed that
two factors accounted for 100 % of the total vec@an
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Contamination Factor and Pollution Load Index, PLI

After determining each metal's limit values, thentamination factor,CF, was
calculated. Th&€F andPLI were used to assess the status of the toxic niettile soil.CF
was determined as the ratio of the metal concémtrat the analysed soil. Hg, Zn, Cu, and Cr
exhibited low contamination levels, with respect@¥fe values of 0.37, 0.52, 0.64, and 0.71.
PLI value of< 1 indicates a low degree of contamination. Non¢éhefanalysed metals fell
within the moderate contamination range<(CF; < 3). However, Pb and Ni demonstrated
a considerable degree of contamination 3 CF; < 6), with CF values of
272.89 and 3.91, respectively (Table 5) [36].

Table 5
Contamination factor$CF and pollution load indeXeLI of toxic metals in soil per samplers

CF [] PLI

Samples Pb Ni Cr Zn Cu Hg [
1. 32941 8.26 1.14 0.71 0.73 0.15 4.50
2. 298.82 1.49 0.32 0.43 0.36 0.33 1.40
3. 364.71 7.91 1.20 1.29 0.33 0.17 2,51
4. 303.53 7.14 0.85 0.48 1.16 0.33 2.64
5. 494.12 0.64 0.00 0.47 0.33 0.32 0.61
6. 202.35 0.99 0.34 0.28 0.29 0.33 11
7. 352.94 0.66 0.00 0.34 0.64 0.22 0.46
8. 178.82 1.29 0.54 0.34 0.76 0.19 1.36
9. 400.00 1.71 0.56 0.68 0.52 0.23 1.78
10. 187.06 1.37 0.44 0.45 0.43 0.19 1.26
11. 22.73 1.77 0.53 0.53 0.63 0.47 1.22
12. 235.29 0.71 0.04 0.36 0.77 0.28 0.89
13. 325.88 5.20 0.96 0.39 0.61 0.33 2.24
14. 227.88 9.00 1.56 0.53 1.00 2.10 391
15. 181.18 3.17 0.79 0.41 0.49 0.16 157
16. 227.53 1.82 0.52 0.47 0.61 0.30 1.63
17. 185.88 143 0.39 0.51 0.41 0.23 13
18. 369.41 13.40 2.47 0.39 0.85 0.33 3.32
19. 342.35 7.14 1.00 0.74 1.29 0.33 3.03
20. 227.88 3.00 0.55 0.55 0.68 0.47 2.01
Mean 272.89 391 0.71 0.52 0.64 0.37 2.13

PLI was calculated based on contamination factor galoe evaluate toxic metal
pollution. In 17 soil sample®LI values exceeded 1, as presented in Table 5, thiche
presence of soil contamination. The meBhl values further support this finding,
confirming soil pollution in the analysed area.

Ecological Risk Index, ERI

The ERI serves as an indicator for the potential ecoldgisk associated with all
tested toxic metals [8, 37]. The Risk Ind&*,values for each toxic metal were calculated
for every sample, as presented in Table 6. Upohluatiag these results and considering the
established criteria, the mean ecological riskdoil samples, with the exception of Pb,
indicates a low ecological risk. Mean for Pb is 929 and indicate serious ecological risk
in location according to the criteria of Wang et[84]. The maximum mean values fat
is 1299.71, and the lowest ecologiBlis 0.54 (for Zn). The findings of this study indie
that Pb is the most significant ecological risk agnthe analysed toxic metals (Table 6).
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Table 6
Ecological risk assessmeRl of toxic metals in soil per sample
ERI []
Samples Pb Ni Cr Zn Cu Hg
1. 1647.06 41.29 2.27 0.71 3.63 6.13
2. 1494.12 7.47 0.65 0.43 1.79 13.33
3. 1823.53 39.57 2.40 1.29 1.63 6.93
4, 1517.65 35.71 1.70 0.48 5.79 13.33
5. 2470.59 3.20 0.01 0.47 1.67 12.67
6. 1011.76 4.94 0.68 0.28 143 13.33
7. 1764.71 3.30 0.00 0.34 3.21 8.80
8. 894.12 6.44 1.08 0.34 3.81 7.73
9. 2000.00 8.54 1.12 0.68 2.61 9.33
10. 935.29 6.83 0.88 0.45 2.13 7.47
11. 113.65 8.86 1.07 0.53 3.17 18.67
12. 1176.47 3.53 0.08 0.36 3.83 11.20
13. 1629.41 26.00 1.92 0.39 3.04 13.33
14. 1139.41 45.00 3.12 0.53 5.01 84.00
15. 905.88 15.84 1.59 0.41 2.46 6.40
16. 1137.65 9.10 1.04 0.47 3.04 12.00
17. 929.41 7.16 0.77 0.51 2.03 9.20
18. 1847.06 67.00 4.94 0.39 4.24 13.33
19. 1711.76 35.71 2.00 0.74 6.43 13.33
20. 1139.41 15.00 1.09 0.55 3.39 18.67
Mean 1299.71 18.83 1.45 0.54 3.30 16.15

Similar results were obtained in the research dfisoGacko (Republic of Srpska,
Bosnia and Herzegovina), near the Gacko mine ardmd power plant, but no Hg
analysis was performg@®7]. Water analyses were also performed, whichiooefl toxic
metal pollution as well as in the s{a8].

Spatial distribution

The spatial distribution of Fe, Mn, Pb, Ni, Cr, Zby, and Hg was conducted using
Surfer 12 software, which employs the kriging metho generate an interpolated grid.
The resulting distribution of concentration for skeslements in selected areas is illustrated
in Figure 4. Despite the relatively small number sefmples utilised in this spatial
distribution, it provides a valuable and informatiwisual representation, particularly
considering that spatial distribution had not beenducted in the area before. It is worth
noting that future research endeavours should a@nintcorporate a larger number of
samples to establish the validity of these caloutat
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Fig. 4. The distribution of: a) Fe, b) Mn, c) PBN, e) Cr, f) Zn, g) Cu and h) Hg

Conclusion

This study assessed soil contamination near StadRapiublic of Srpska, analysing Fe,
Mn, Pb, Ni, Cr, Zn, Cu, and Hg. Fe had the highmetn concentration (23195 mg/kg),
while Hg exhibited significant variability. Stafisal analysis revealed that Pb, Cr, and Hg
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showed high skewness and kurtosis, indicating piadeautliers. The Shapiro-Wilk test
confirmed that Pb, Ni, Cr, and Hg did not follownarmal distribution.PCA analysis
identified two major components influencing metaistdbution, reflecting both
anthropogenic and natural sources.

The findings indicate that Ni, Cr, Zn, Cu, and Hgeeded regulatory limits in certain
locations, posing ecological risks. Mercury pobhutiwas particularly concerning due to its
persistence and toxicity. To mitigate contaminatidcey recommendations include
improving industrial emission control, regular saionitoring, applying remediation
techniques, and raising public awareness aboutthesks.

Potentially harmful metals persist in the envirommeaffecting biodiversity, soil
fertility, and human health. Effective pollutiongmention measures, including emission
reduction, proper waste management, and cleanelugtion technologies, are essential.
A comprehensive approach integrating monitoring amstainable practices can minimise
the long-term environmental impact of toxic metht@mination.
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