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Abstract: Heavy metals are naturally occurring elements, but they are regarded
as significant environmental pollutants due to their high density and high
toxicity even at low concentrations. The aim of this paper is the evaluation of
the pollution level of heavy metals in the river and riverbank sediments, as well
as the estimation of their origin and spatial differences along the course of the
Vrbas River through Banja Luka. The concentrations of metals have been
assessed using the Inductively coupled plasma — optical emission spectrometry
and Advanced mercury analyzer for mercury determination. The anthropogenic
impact on heavy metal concentration in sediments was estimated by the cal-
culating of pollution indices: geoaccumulation index (/,,), contamination fac-
tor (Cp), pollution load index (PLI) and potential ecological risk index (E.).
Obtained results indicate that there is no statistically significant spatial differ-
ence in metal concentration, indicating that heavy metals in sediments have a
constant source. The anthropogenic impact expressed by the values of pollution
indices showed that sites are generally uncontaminated by Co, Cr and V and
moderately contaminated by Zn, Cu and Ni. On the contrary, lead, mercury and
cadmium pose the highest ecological risk. The anthropogenic source of Pb, Hg
and Cd is industry, municipal waste and the combustion of fossil fuels. The
obtained results demonstrate the high ecological risk and the need for environ-
mental monitoring, with the aim to support an efficient strategy to reduce local
pollution and contamination of the investigated system.
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INTRODUCTION

The Vrbas River is an important river ecosystem in Bosnia and Herzegovina
with a length of 250 km and catchment areas of 5,900 km2. Before reaching
Banja Luka, it passes through a canyon and numerous gorges, which are, from
1955, protected by the Law on the Protection of Natural Values. The Vrbas
River, as a right tributary of the Sava, belongs to the Black Sea basin. Along the
entire course, this river flows through many towns and villages, but the main
anthropogenic influence comes from Banja Luka, one of the largest cities in Bos-
nia and Herzegovina.

The presence of microelements, dominantly heavy metals, is undoubtedly
one of the most important indicators of environmental quality and assessing their
content in river sediments is an imperative for estimating the environmental
risk.! Heavy metals are naturally occurring elements, but they are regarded as
significant environmental pollutants due to high density and high toxicity even at
low concentrations. They might remain permanently present in the environment
due to the fact that they cannot be degradeted or biodegradeted, and in that way
they affect metabolical processes of flora and fauna, which identifies them as
high category pollutants.2 The occurrence of heavy metals in waters, sediments
and biota can indicate the presence of natural sources (weathering of rocks, atmo-
spheric precipitate and wind erosion) or anthropogenic activities (urbanization
itself, agricultural and urban activities, industrial discharge, mining, transport).3-6
Rivers, which approximately deliver 20 billion metric tons of transported sedi-
ment to oceans every year, play a key role in Earth surface processes, marine
sedimentation and biogeochemical cycles in oceans.” Thus, rivers have an essen-
tial role in the acceptance and the transportation of heavy metals, which can
accumulate in the sediments through complex physical and chemical adsorption
mechanisms, depending on the nature of the sediment matrix and the adsorbed
components.8 Hence, the water sediments are a highly dynamic part of river
systems, not tied to a particular area and are transported through countries in the
same river basin. The quality of sediment affects the downstream areas. In par-
ticular, the presence of contaminants, such as heavy metals, threatens the eco-
logical and chemical status of waterways and other water bodies (affecting the
living organisms, the water resources and the water management), which are the
focal point of the European Water Framework Directive,? where the Vrbas River
belongs as well.

Due to the expanding frequency of the anthropogenic activities, which
results in an increase in the concentration of heavy metals in surface sediments
and soil, various factors, such as geoaccumulation index (Igeo) — quantitative
measure of the extent of metal pollution in the studied sediments, contamination
factor (Cf) — the enrichment in metals in relation to the background concen-
trations of each metal in sediments, pollution load index (PLI) — the level of pol-
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lution or potential ecological risk index (£;) — the degree of heavy metal pollut-
ion in sediments, according to the toxicity of heavy metals and the response of
the environment, were introduced to assess the origin of these elements.>.7-8,10-12

The aim of this paper is the evaluation of the pollution level of heavy metals
in the river and riverbank sediments, as well as the estimation of their origin, and
the spatial differences along the course of the Vrbas River in Banja Luka city.

EXPERIMENTAL

Details about the study area and sampling are given in the Supplementary material to this
paper.
Content of heavy metals

Concentrations of heavy metals were determined on sediment fraction size <63 um,
which was obtained by the wet-sieving method. The following heavy metals were determined
in 16 river sediments and 16 riverbank sediments: Cd, Co, Cr, Cu, Ni, Pb, V, Zn, and Hg. All
the chemicals used for analysis were of analytical reagent grade and deionized water with
resistivity 18.2 MQ cm obtained from a Milli-Q system (Elga Purelab Ultra). The sediment
samples were prepared by weighing 0.5 g of sample into PFA vessels and adding 9 ml HNO;
(65 %), 3 ml HF (48 %) and 2 ml HCI (37 %) and digested according to the standard proce-
dure for closed-vessel acid digestion of siliceous and organically based matrices (EPA Method
3052). After the digestion, the solutions were cooled, then filtered and diluted with deionized
water to the total volume of 50 mL in volumetric flasks.

The blank sample contained all reagents in the same amounts as used in sample pro-
cessing and was run through the complete procedure. Each sample was analyzed in duplicate.
The certified reference material Sewage Sludge 2 (CRM 029-50G, Fluka Analytical) was used
to validate the method. The quality of data was also checked through recovery experiments by
spiking several samples with a known concentration of standards. The results showed an
acceptable agreement with the certified values. The recovery values were in the acceptable
range (80—110 %) for each element.

The calibration of each element was performed by preparing 5 standard solutions in the
range of 0.01 to 1.0 mg L-!. A stock solution was the multi-element plasma emission calib-
ration standard (Accu standard). The values of linear correlation coefficients were R > 0.99 for
each element. The detection limit (LOD) was determined as a triple value of the standard
deviation obtained from ten measurements of the low concentration standard.

For heavy metal determination, an inductively coupled plasma-optical emission spectro-
meter Varian 730-ES (ICP-OES) with CCD detector was used, which provides true simul-
taneous measurement and full wavelength coverage from 167 to 785 nm. The operational
parameters used in this paper were: power 1.15 kW; plasma flow 15 L min’!; nebulizer pres-
sure 200 kPa; replicate read time 5 s; stabilization delay 15 s; sample delay time 30 s; pump
rate 30 rpm; rinse time 10 s; fast pump on. The selected elemental wavelengths for deter-
mination were as follows: Zn: 206.200, Cu: 327.393, Ni: 231.604, Pb: 220.353, Cr: 267.716,
Cd: 214.480, V: 292.401 and Co: 228.616 nm.

For mercury determination, LECO AMA254 advanced mercury analyzer — atomic abs-
orption spectrometer, specifically designed to determine total mercury content in various
solids and liquids — without sample pre-treatment or sample pre-concentration, was used. The
sample measured weights ranged from 0.025 to 0.080 g. The operational parameters used in
this study were: drying time 60 s, decomposition time 200 s, cuvette clear time 45 s, dosing
delay time O s, auto select cell selection, metric for calculations peak area.
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Evaluation of anthropogenic impact on heavy metal concentration in sediments

Estimation of the anthropogenic impact of the toxic metal enrichment implies a com-
parison of the obtained metal concentration in the sample with its concentration in the back-
ground sample. The background sample represents the sample that was not exposed to the
anthropogenic impact. In this study the following average metal concentrations in the Earth’s
continental crust (Taylor)!3 were used as background values: ccq = 0.2, cco = 25, ccr = 100,
Ccu™ 55, CNi — 75, Cpp = 125, cy = 135, Cyn = 70 and CHg =0.08 mg kghl.

Geoaccumulation index was calculated according to Miiller! as follows:

M
I,eo =10 2 1
g g2(15BMj ( )

Mg presents the concentration of the obtained metal in the sample and By, the geochemical
background concentration of the same metal.!* According to the calculated values of the
geoaccumulation index, the anthropogenic impact on the metal content in the observed sample
can be classified into seven categories, from zero value to seven, according to the increasing
metal contamination. '3

For the formulation of the potential ecological risk index and the pollution load index, it
is required to define the contamination factor (Cy) as the ratio of the concentration of each
metal individually and its background concentration, as follows:

2

where Mg presents the concentration of the metal in the sample and Mg metal concentration in
the background sample.!® The nt? root of the multiplicated contamination factors of all present
metals in the obtained sample represents the formulation of the pollution load index.!6-18 For
the first time, PLI was defined by Tomlinson,!® as follows:

PLI =CyCp - Cpy (3)

where index numbers in contamination factors represent different toxic metals in samples. For
a PLI value less than 1, it is assumed that no heavy metal contamination has occurred,
respectively for values greater than 1 for the observed sample, it is considered that the expo-
sure to toxic metals pollution by anthropogenic influence was present.!?

In 1980°s one more descriptive approach of the anthropogenic impact on the metal
concentration was revealed by Hakanson,? called an index of potential ecological risk (£;). In
mathematical formulation, it is a multiplication of contamination factor (C;) and toxic
response factor (7}), as follows:

Ej=C{T! “

A toxic response factor is a constant number, its value depends on the nature of the
metal, and it is known in the literature. A total potential ecological risk index (R) presents the
sum of all potential ecological risk indexes for each toxic metal present in the sample indivi-
dually, mathematically formulated as follows:

R=3E] &)

Evaluation of anthropogenic impact on the toxic metal concentration in the observed
sample is made by following ranges: for the E, values lower than 40 (R values lower than 94,
respectively), the ecological risk for the analyzed sample is considered as low; for E, in the
range of 40 to 80 (R values in the range from 94 to 188, respectively), the risk is rated as a
medium; if the E; value is in the range from 80 to 160 (R values in the range from 188 to 376),
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the potential ecological risk is significant, and at the end, for the E, values larger than 160 (R
values larger than 376), the potential ecological risk is very high.20-2!
Statistical analyses

The results were quantitatively described using the descriptive statistics. An independent
t-test which determines whether there are differences between groups, was used in this study
for the comparison between heavy metal composition of river and riverbank sediments. The
coefficient of variation is used to determine the variation within groups, and in this case it was
used for finding a difference between the concentrations of a certain element at different locat-
ions. The coefficient of variation shows the extent of variability of data in a sample in relation
to the mean of the population. The data with coefficient of variation higher than 1 are consi-
dered to be high variance whereas those with a CV lower than 1 are considered to be low-
variance. The factor analysis (rotation method: Varimax with Kaiser Normalization) was used
to reduce a large number of variables into fewer numbers of factors which were employed to
determine which heavy metals might have the same source. Statistical analysis was performed
by IBM SPSS Statistics 20.

RESULTS AND DISCUSSION

The concentrations of heavy metals, determined in 16 river sediments (RS)
and 16 riverbank sediments (BS) sampled at eight locations during the summer of
2020 along the Vrbas River in Banja Luka, are given in Table I. The riverbank
sediments were deposited during the last flood (May 2014), and the river
sediments are constantly deposited and transported by the Vrbas River.

The average concentration of studied metals in water followed a decreasing
order of Hg < Cd < Co < Pb < Ni < Cu <V < Cr < Zn. The range of concen-
tration are: ccg, <0.05-2.13; cco, 13.13-36.73; ccyr, 61.01-197.40; ccy, 47.68—
—426.00; cNj, 50.31-256.23; cpp, 21.85-272.00; cy, 55.60-153.12; czy, 112.47—
~489.00, cpg, 0.13-1.43 mg kg1

The independent #-test results revealed no statistically significant difference
between the river and the riverbank samples (Table S-I of the Supplementary
material), indicating that the sediments are exposed to the same source of heavy
metals. Furthermore, the low coefficient of variation indicates that the concentra-
tions of heavy metals are similar among locations (CV < 1; Table II). Although the
sampling size is small, this result confirms the constant source of heavy metals.

The factor analysis helped to reduce the dimensionality of the metal cont-
amination from 9 original variables to 3 factors (Table II). These new variables
accounted for 84.4 % of the total variance. The factor analysis showed that there
are three groups that have similar mechanisms of transport and accumulation
within the sediments: Factor 1 accounted for Co, Cr, Ni, and Hg, Factor 2 Cu, Pb
and Zn, and Factor 3 Cd and V.

The Ige, values for Co, Cr and V below 0 classify the investigated sediments
as uncontaminated (Fig. 1; Table S-II). The only positive value is 0.13 for Cr at
location 5 (close to the Incel Bridge). Most sites are uncontaminated or uncont-
aminated to moderately contaminated with Cu and Ni, with a slightly higher
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value for Cu (Igeo = 1.02) at the site near the thermal power plant. The majority
of samples are uncontaminated to moderately contaminated or moderately conta-
minated with Zn and Pb, except for a higher /g value for lead (Igeo = 2.23),
again at site 6, near the power plant. The vast majority of samples are moderately
contaminated with Hg (/geo in range 1-2), with the exception of Igeq = 2.51 at site
2 (promenade) in which is moderate to strongly contaminated.

TABLE I. The concentrations of heavy metals (mg kg!) in riverbank and river sediments; BS
—riverbank sediment; RS — river sediment; a and b — sample duplicates

Sample Metal
site Cd Co Cr Cu Ni

a b a b a b a b a b
BS 1 1.35 2.12 1374 16.68 84.20 101.72 82.70 73.81 80.37 77.99
RS 1.55 <1 16.85 13.13 86.87 61.01 188.00 69.05 77.80 50.31
BS 2 1.80 1.90 1845 18.36 101.74 98.46 78.60 7133 91.98 74.88
RS 1.56 140 17.55 1448 107.34 7551 122.60 8296 93.85 63.83
BS 3 1.93 144 1548 1791 110.64 10426 95.70 77.11 90.80 76.62
RS 1.36 1.24 1479 18.50 91.60 79.49 88.24 119.11 79.44 73.43
BS 4 1.59 1.29 2092 23.74 134.02 117.03 64.40 5585 157.00 138.48
RS 1.22 1.64 22.65 27.79 121.09 158.27 71.23 90.00 150.00 207.00
BS 5 1.78 1.18 2552 22.09 180.74 107.43 59.70 52.88 235.00 128.23
RS 1.80 1.35 3151 36.68 176.37 183.35 59.72 94.55 260.00 256.23
BS 6 1.64 1.73 1580 20.03 89.20 84.77 141.00 7496 76.70 84.21
RS 1.22 1.29 1759 14.44 101.00 65.78 47.68 426.00 89.20 59.96
BS 7 1.81 1.24 2250 28.05 133.71 129.76 83.53 56.42 150.00 141.13
RS 1.21 1.67 1698 36.73 104.57 197.40 91.68 66.90 109.00 180.71
BS 8 1.47 1.21 1548 17.86 90.50 78.70 96.53 93.26 80.13 69.67
RS 1.57 1.56 30.56 29.62 170.56 13444 57.50 79.36 195.00 155.82
Sample Pb \Y Zn Hg
site a b a b a b a b
BS 1 33.52 35.13 95.25 117.69  192.06 141.74 0.35 0.28
RS 43.40 2221 90.67 66.63 355.12  168.99 0.96 0.28
BS 2 36.34 33.29 116.91 114.01 171.04  163.37 0.34 0.28
RS 40.50 30.67 116.00 80.32 233.28  226.96 0.69 1.43
BS 3 32.02 40.92 116.89 120.83 174.82 176.88 0.34 0.32
RS 32.22 47.84 103.00 84.64 272.41  258.29 0.77 0.46
BS 4 21.85 23.04 96.85 88.76 134.50 112.47 0.14 0.52
RS 23.10 29.30 92.40 114.00 126.38 172.00 0.59 0.58
BS 5 24.71 23.10 124.00 82.90 167.89 113.41 0.17 0.13
RS 24.80 77.85 114.00 112.77 217.89 249.29 0.23 0.18
BS 6 29.83 40.57 80.30 86.36 261.24  201.31 0.46 0.16
RS 26.40 272.00 90.60 55.60 120.10  489.00 0.43 0.54
BS 7 27.52 33.44 110.00 110.16 176.92  140.00 0.36 0.25
RS 25.10 30.13 88.20 153.12 197.51 143.27 0.38 0.36
BS 8 31.10 49.20 75.30 81.19 25431  233.07 0.51 0.61
RS 23.80 54.34 141.00 111.71 133.09 171.95 0.17 0.18
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TABLE II. Results of factor analysis (FA) after Varimax rotation and coefficient of variation
(CV) for concentration of heavy metals in the Vrbas River sediments

Factor analysis

Element N 7 3 Coefficient of variation
Cd 0.951 0.09
Co 0.940 0.24
Cr 0.916 0.25
Cu 0.955 0.34
Ni 0.934 0.43
Pb 0.936 0.47
A% 0.643 0.12
Zn 0.902 0.15
Hg -0.502 0.30

The most severe is the anthropogenic impact of cadmium on the Vrbas River
sediments collected in the City of Banja Luka. In each sample, the calculated
values of lgeo for Cd (2.08-2.29) show a moderately to strongly contaminated
environment. Cd is closely related to industrial activities in the upstream areas.22

According to the values of contamination factor,20 the analyzed sediment
samples mostly have a low degree of contamination with V and Co, or they are
moderately contaminated with Cr, Ni, Cu, and Zn. However, in some samples,
they have a considerable degree of contamination, e.g., in the case of Cu and Zn
near the thermal power plant, or Zn at sampling points 1 and 3, which are imp-
acted by frequent traffic and number of sewage outlets (Fig. 1; Table S-III). The
Cr values for lead represent a moderate to considerable contamination for all
sampling sites, except thermal power plant (Cy = 7.03) where the level of con-
tamination is very high. All sampling sites are considerably contaminated with
mercury, except the samples from site 2 near the promenade, with a very high
degree of contamination. The contamination factor values for Cd (C¢> 6) imply a
very high degree of contamination at all locations (Fig. 1; Table S-III).

The calculated pollution load index (PL/) values of metals in sediment are in
the range 1.79-2.27 (Table S-III), confirming that the deposition of the urban
stretch of the Vrbas River is polluted (PLI/ > 1), which might be due to urban
activities.

The most significant value of the Cr that contributes to the PL/ values are the
values of contamination factors for Cd, Pb and Hg.

The potential ecological risk (£;) regarding the content of the Cd and Pb in
observed sediments is estimated as very high. These values are significantly
higher than minimal values that pose a high ecological risk (Table III).

Although the statistical difference between heavy metal concentrations at
different locations does not exist (CV < 1), certain trends can be observed (Table
II). The correlations obtained by the factor analyses (Table II) have proved that
the elevation of certain elements coincides with some specific locations. For
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example, Cd and Hg have the highest concentrations at location 2, Pb, Cu, Zn at
location 6 and Co, Cr and Ni at locations 5, 7 and 4. This further implies the
same source of correlated elements.

m Igeo mCs

Values of I, and C;parameters
w

2
llllllll

H
0 -—7 l
N

cd Co Cr Cu Ni Pb \ Zn Hg

Elements for which I, and C; were determined

Fig. 4. Geoaccumulation index (/4,) and contamination factor (Cy) for average heavy metal
concentrations measured in the Vrbas River sediments (classes of contamination related to /4,
values: <0 uncontaminated, 0—1 uncontaminated to moderately contaminated, 1-2 moderately

contaminated, 2—3 moderately do strongly contaminated, 3—4 strongly contaminated, 4-5
strongly to extremely strongly, >5 extremely contaminated; Cy values: <1 low degree, 1-3
moderate degree, 3—6 considerable degree, >6 very high degree.

The highest Pb, Cu and Zn concentrations, and consequently the highest pol-
lution indices at location 6, can be due to the effect from point and non-point
sources, such as leaded gasoline, municipal runoffs and atmospheric depositi-
on.24.25 The elevated concentrations of Pb and Cu might also be originating from
urban and industrial wastes.2® Also, traffic pollution and road dust could be res-
ponsible for the high heavy metal concentrations, including Cu and Pb.23

The pollution from Cd is due to anthropogenic sources, such as fertilizers
and pesticides used in agricultural and industrial activities.22-27 Mercury can be a
significant sediment contaminant in environmental systems not always obviously
originating from a local point source, which can also be related to atmospheric
deposition,?® but most often originates from the anthropogenic emission sources
of mercury, mostly from solid wastes (municipal and medical) incineration.29

PLI is decreasing in the following order of locations: 5>6>8>7>2>3>
>4 > 1. Since PLI can provide the understanding about the quality of the envi-
ronment and also provides valuable information to the decision-makers on the
pollution status of the area,2> these results indicated that the sediments in the
lower and middle stretch of the urban part of the Vrbas sediments are under
higher risk (R) of pollution than the upper stretch. The total potential ecological
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risk index also indicated that the middle and lower stretch is under the highest
potential ecological risk (5>6>7>4>8>3>2>1).

TABLE III. Potential ecological risk index (£;) and total potential ecological risk index (R)
ranges for heavy metals measured in river and riverbank sediments

Element 1 2 3 4 5 6 7 8
Er
Cd 38.09 50.00 44.90 46.40 46.69 39.98 44.53 43.64
Co 75.50 86.05 83.35 114.24  146.81 87.40 130.33 116.90
Cr 16690 191.53 193.00 249.08 328.75 181.71 282.72 237.10
Cu 516.95 44436 47520 375.74 337.28 83445 373.16 408.31
Ni 358.09 405.68 40036 747.76 1112.14 442.61 726.05 625.78
Pb 167.83 176.00 191.25 143.53 188.00 439.16 14524 198.05
Zn 21443  198.58 220.54 158.33 18694 24585 16432 198.01
Hg 18.70 27.40 18.90 10.70 14.60 16.00 13.50 14.70
R

2019.29 2113.64 2159.20 2332.77 2910.61 2673.91 2456.69 2353.98
Classes of contamination related to the values of the potential ecological risk indexes and

literature values of toxic response factors used for E, calculations?0-23
Element T, E, R Risk
Cd 3020 <40 <94 Low ecological risk
Co 523 40 - 80 94 — 188 Medium ecological risk
Cr 220 80 — 160 188 —-376  Significant ecological risk
Cu 519 > 160 >376 Very high ecological risk
Ni 520
Pb 520
Zn 120
Hg 4020

CONCLUSION

The concentrations of heavy metals determined in 16 river sediments and 16
riverbank sediments sampled at eight locations along the Vrbas River in Banja
Luka city during the summer of 2020 indicate that there is neither a statistically
significant difference in metal concentration between river and riverbank samples,
nor the statistically significant difference between heavy metal concentrations
between selected locations. Although there are no statistically significant differ-
ences between heavy metal concentrations among locations, some trends are
observed. Cadmium and Hg have the highest concentrations at location 2, Pb, Cu,
Zn at location 6 and Co, Cr and Ni at locations 5, 7 and 4. This further implies
the same source of correlated elements. The anthropogenic impact, expressed by
values of pollution indices, showed that sites are generally uncontaminated by
Co, Cr and V and moderately contaminated by Zn, Cu and Ni. On the contrary,
lead, mercury and cadmium pose the highest ecological risk. The anthropogenic
source of Pb, Hg and Cd is industry, municipal waste and the combustion of fos-
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sil fuels. The obtained results demonstrate the high ecological risk and need for
environmental monitoring, supporting the development of an efficient strategy to
reduce the local pollution and contamination of the investigated system.

SUPPLEMENTARY MATERIAL

Additional data and information are available electronically at the pages of journal
website: https://www.shd-pub.org.rs/index.php/JSCS/article/view/10834, or from the corres-
ponding author on request.
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H3BO[
NMPUMEHA UHJEKCA 3ATABEA Y OJPEBHUBARY ITPOCTOPHUX U BPEMEHCKHUX
PA3JIMKA Y KOHUEHTPALIMJYU TEIIKUX METAJTIA Y CEJUMEHTHUMA PEKE BPBAC,
(BAIBA JIYKA, BOCHA U XEPLIETOBHUHA)

CABA TMTPXKYJb', AHA PAIOJUYMR?, MUJIMLIA KAIIAHWUH-TPYBHMH?, IYIIULIA TIENIEBUR',
CAFbA CTOJAIUHOBUR®, BPAHUMHUP JOBAHUMREBHR* u TOPHLIA BECEJTHHOBUR®

1YHueep3umeL_u y Bawoj JIyyu, ITpupogro—maitemaimuuxu paxynimei, Ip Mnagena Ciojanosuha 2, 78000
Bawa JIyka, bocna u Xepueioguna, ZPygapcxu Hncimuiayti g.0.0. beoipag, bawmajruuxu uyim 2, 11080
Beoipag 3emyH, 3YHueep3umem y Beoipagy, Hnctuuitiy il 3a XxeMujy, TeXHONOTU]y U Metianypiujy
(UXTM), Ebeiowiesa 12, 11000 Beoipag u ‘Yuusepsuiiei y Beoipagy, Xemujcxu paxynitei,
Cinygentncku wpi 12—16, 11000 Beoipag

Temky MeTany Cy eJIeMEeHTH IPUPOAHOr IOpeKia, alyu Ce CMaTpajy 3HayajHUM I0Jy-
TaHTHMa )XUBOTHE CpeJuHe 300T BeJIUKe I'yCTMHE U TOKCHYHOCTH, YaK U NPU MaluM KOHLIEH-
Tpanujama. Llwm oBOr pana je mpoleHa HUBOA 3aral)eHOCTH PeYHHUX W MPHODATHUX Cenu-
MEHaTa TEeIIKUM MeTaluMa, kao ¥ ITPOoLieHa BUXOBOT MOpeKIa U MPOCTOPHE pacnojene Jyx
ToKka peke Bpbac xpo3 bawanyky. KoHueHTpanMje Temkux meTana ogpehusaHe cy momohy
WHIYKTHBHO CIIPErHyTe IJIa3Me — ONTHYKEe eMHCHOHE CIeKTPOMETPHje U HAMEHCKOT KUBHHOT
aHa/liM3aTopa. AHTPOIIOTeHH YTHULAj HA KOHIIEHTPALHjy TEUIKUX MeTala y CefUMEeHTHMa IIpo-
LEeHeH je M3pauyyHaBalkeM pasIMYMTHX HHIeKca 3arahema: WHAekca reoakymynauuje (Igeo),
(axropa xoHTamuHauuje (Cr), uHpexkca ontepehemwa sarahewem (PLI) 1 MHIEKca MOTEHIIM-
janzor exonowkor pusuka (Er). lobujenu pesynraTy ykasyjy fa He IOCTOje CTATUCTUYKH 3Ha-
YyajHe MPOCTOPHE Pa3juKe y KOHLEHTPaUUju MeTasa, IITO yKasyje Ha TO Aa TElIKH MeTaau y
WUCMUTUBAHUM CEJUMEHTHMA UMajy KOHCTAaHTaH U3BODP. AHTPOIIOTE€HH YTHIIAj U3PAXKEH Y Bpel-
HOCTMMa HHJIeKca 3arahema I0Kas3ao je ja Cy JoKaluje reHepaaHo He3araheHe kobanTom,
XpPOMOM W BaHAIHjYMOM, a YMepeHo 3araheHe TUHKOM, Dakpom u HUKIOM. C OpyTre cTpaHe,
KaJMHjyM, ’)KHBA W OJIOBO MPENCTaBbajy HajBehu eKOJMIOMKH PU3UK. AHTPOTIOTeHHU WU3BOPH
OBHX Me€Taja Cy MHAYCTpHja, KOMYHa/lHHU OTNaj U caropesamwe (PocuIHUX ropusa. Jodujenn
Pe3yTaTH MoKasyjy BUCOK €KOJIOUIKH PU3UK U noTpedy 3a MOHUTODUHTOM JKUBOTHE CpenUHe,
nogpxasajyhu pasBoj euKkacHe CTpaTeTHje 3a CMameme JOKaaHOr 3arahema M 3arahema
WCIUTHBAHOT NMOApYYja.

(ITpumibeno 8. jyna, pesupupano 1. centemdpa, npuxsaheno 3. centemdpa 2021)
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